WD 02/ 066176 PCT/US02/04398 -1- 5 METHODS FOR CLEANI NG M CROELECTRONI C
STRUCTURES 10 Field of the Invention The present invention concerns

met hods awo oapparat us for renoving water and aqueous-bor RETAS0204398 f r om
-substrates such as sem conductor substrates, MEM s, or optoelectronic
devices with liquid or supercritical carbon dioxide 15 Background of the

| nvention Production of integrated circuitd,- mcroel ectronic devices, and
m cro-el ectro nechanical devices, (MEMs) involve nultiple processing
steps many of which incorporate water as either a carrier of chemstry, or
a nedia to facilitate the removal of process byproducts. The evol ution of
mat eri als and processes has been |ead by a 20 drive toward snaller feature
si zes and nore conplex mcrodevices. |In sone cases, the use of water in
these evolying processes has resulted in challenges whereby. deleterious

ini que phys! cal MBbECIEROff LRI E M RIBG CIRUNR B TRIRCyis®

supercritical state are of particular interest in-preventing certain of
these pitfalls. 25 One such process where dense CO2 is of practical
application relates to prevention of surface tension or capillary force

i nduced iypge collapse. This is of Fie?rf‘[)“h%‘iln@éntji erest during the agueous
devel opnment of mcro-1lithographic r'rra'g'es—US'i"n'g%ot oresi sts. Photoresists
are photosensiti veThé pmwesent ima@ntiar cdnceamns hethod ahdrapiesattofor aersanisg wateeandA

coating layer of a photoresist is formed on a substrate d the ,
phot or esi st | HEPUS-ROTPR SHIUEE e gubsitaies fyh s W%é@wréﬁgwt%t s, or

Lechni ques, { GyfiloSRMAC eviles 36t IRAd DibredibliRiofiRAgH © Lo act ivating

radi ati on provides a photol nduce transformation of the
photoresi st coating to thereby transfer the pattern of the photomask (or

ot her patltftern generator) to the photores] sfl coated. substrate. Foll ow ng
exposure,“the photoresist is deﬁﬂ&ﬁﬂﬂé—&@&@g‘g—c 0 Brelief imge 35 that
permts selective PiaGafH d0idorded ¥REhiisAhfcroeR8troMlc Wevicks, and RatcRNEledito
6, 042, 997. WD 02/066176 PCT/US02/ 04398 -2 A photoresist can be either

posi ti ve- act i Mgchanioab glavicos- QEEMAY. inrolvenwyhiiple grocessing steps many of which
incorpox;ate water as either a carrier of chemistry, or a media to facilitate the removal
of process byproducts. The evolution of materials and processes has been lead by a

20  drive toward smaller feature sizes and more complex microdevices. In some cases,
the use of water in these evolving processes has resulted in challenges whereby
deleterious effects of water and byproducts carried by water have been seen. The
unique physical properties of dense carbon dioxide in a liquid or supercritical state are
of particular irﬁerest in preventing certain of these pitfalls.

25 One such process where dense CO, is of practical application relates to
prevention of surface tension or capillary force induced image collapse. This is of
particular interest during the aqueous development of micro-lithographic images
using photoresists. Photoresists are photosensitive films used for transfer of images to
a substrate. A coating layer of a photoresist is formed on a substrate and the

30 photoresist layer is then exposed, through a photomask or by other techniques, to a
source of activating radiation. Exposure to activating radiation provides a
photoinduced chemical transformation of the photoresist coating to thereby transfer
the pattern of the photomask (or other pattern generator) to the photoresist coated
substrate. Following exposure, the photoresist is developed to provide a relief image

35  that permits selective processing of a substrate. See. e.g., U.S. Patent No. 6,042,997.



acting resists, the solubility of the exposed region is decreased such that
it remains on the wafer during devel opnent while the non-exposed region is
renoved. WoOro2pediéi ve acting resists the solubility of tir€eTASpDEB8 r egi on
increases in the devel oper solution, 5 so it is renoved during the

devel opnent step | eaving the unexposed region unaffected. Positive and
negative acting resist materials typicallyZi-ncorporate chenica
functionality that undergoes a transfornation upon exposure to W |ight at
a given wavel engtA.phbtosedist ams ftereitier positige-adtingnor aégativedcting. aBoraneggtivari ty

switch"  because pol r l.arity jncreases or .decreases gre often.the
driving forcetsg P@QXME@?{W ‘{fﬁfée SHOEH 1SBIR 1B e?rﬁ@egéil‘?h\f}?t FPrggfRs on
devel opi ng S%HWa?é?-duﬁH%%levéIB SEiQUHIRL heRoh-2xpérel Irkdiah @brebvEdFor positive

i ncorporation of photoacid generators (PAG s)” or photobase generators
(PGB' s) i nt o dching reséststhecolbdiy tof drrsexpObesl @glod inengasss 3 thendriveloperssodiption,

t i [ 1 t ed tq th i at f di at.i
fol lowed By Heatt SrAEmqusD BEae s develomndcSeh pfeming , e ndhaese il o
typically 15;firfeaddf r oppdithe sabskialve Regr Rsistimhdiefialpr epnesiynthcofpapitt | ary

forces present in the aqueous drying of inaged resist patterns can_ result
in resist defdhemical Smctinoalitythat nndesgdds agrasfonmption ppds @prpEe éhEY light ata

particularly .serious as.!|ithogra techni S e. towar o - pRge

nodes with | aﬁl&%} e ' ri@? %@ﬁhﬁégﬁgpcﬁe%&hﬁé\%%%duTéog\égtaecﬁﬁg %(%qc apse

probl ens assogdcaisedpdliyingr 2128y 68t18addE Yorndeciédsts atd @ftentthe ddfagiforce for

t echnol ogly node, and wi |l beconme nore prevalent_ in subsequenb)éit echngl ogi es
O 08ygg

as aspectI® atehgsessnét ethe esolmeibibarathhes palymsst i 11Bf deiglonme 15 fed
t hat the use - dioxd de- | u j L S ' g@@ y
reduce i nmage tgo Sfog%ggg%hdf a? fﬁtérir"d ggr@aeggl%@éfea?mg.adé .I{h%ﬁaéﬁt(\ila%%lﬂgg?s . Vasg @Sci .
Technol . B 18falobas3(8n&dtds (RGBO); infd RS r&xistdé@npositionsl . Thd . aciand Srse
Technol B. 18(6) .3313-3317_(2000).. However, while the absence o@ur.f ace
tension and tReicHeT¥eyBFalesneraied VRRGHOAIER B BPRSPRISLG PR E OlGEp1alRRY e
been tout ed apyBaSh tyVie A RERISRE sbiMiSndlindl HBIARDIRAGNS, hite afcchpldalgl ¥
|l ow solubility o ter in the sdpercritical phase hdas al so been descri bed
as a chall%ngdriedfiran thepsubsieate beforafueththeroosssingf chemni cal adj uncts to

increase the transpor.t capacity of 30,the fluid..Researchers.at |BM and NTT
have denonstrat ed ‘T’F@hﬂé’i%&esé%‘?sfsﬁﬁ Wﬂ’gLﬁqPﬁ%“_lsa%?'?gi .%‘g&éﬁlﬁip& pros cat
fluid-ai ded dfeyilnéh rdsRVRA¥REmafifle asd phReh 3bllapss. WRBGIrbbles Reombeba@icularly
incorporated into a hexane pre-rinse in "indirect SRD' See, e.g., Coldfarb

et al., WD 029e0i684 76 lplurgrapinp techg@mes move toward smaller image nodes with larger

aspect ratios. Researchers have suggested that collapse problems associated with

20 aqueous drying will affect the 130-nm technology node, and will become more
prevalent in subsequent technologies as aspect ratios increase.

Researchers at both IBM and NTT have suggested that the use of carbon
dioxide in supercritical resist drying (SRD) may reduce image collapse and film
damage. See, e.g., H. Namatsu, J. Vac. Sci. Technol. B 18(6), 3308-3312 (2000); D.

25  Goldfard et al., J. Vac. Sci. Technol B. 18(6) 3313-3317 (2000). However, while the
absence of surface tension and the accessible critical temperature and pressure of CO,
have been touted as positives factors for this drying approach, the relatively low
solubility of water in the supercritical phase has also been described as a challenge
that may necessitate the use of chemical adjuncts to increase the transport capacity of

30 the fluid. Researchers at IBM and NTT have demonstrated the use of certain
surfactants in supercritical fluid-aided drying. However, the surfactant is described as

being incorporated into a hexane pre-rinse in “indirect SRD” See, e.g., Goldfarb et al.,



-3 supra, or only particular surfactants have been incorporated into the
carbon dioxide in "direct SRD'. In both the direct and indirect drying
met hods tWwe oehedlge of surfactants and co-solvents is |inmPCaEWShyo4abamt is
described as conpatibility issues |eading to resist .danmage. Accordingly,
there remains a need for new approaches to SRD using carbon 5 dioxide,
Anot her problemwi th drying of surfaces on3mcroelectronic substrates (e.g.
phot or esi st coat ed sem conductor wafers,  MEMS, opto-electronic devices,
photoni c deviupes or bhbtpapaniddr whrfaghay havebeeh ihcrpdreted dmp et erbendivalde af
agueous processin ¢leaning or rinsing solutions w.thout [eaving a

resi due, co : e&ﬁ%@eﬁﬂé@% glea%reatwla yech grying @ﬁﬂﬁ’fiﬁg‘ﬁ%@% QX/QP’%?W%S
result fromt bl k10, gt 3 S| :

cl eaning, or dr y@%&%ﬁt{lgﬁﬁlggdgél‘ﬁ% F%ﬁcleigsédc?? ?g%lﬁgﬁﬁﬁé%%g&&ﬁg Iagre?“

m cr oel ect r ondaspagepAcaatingly, thieve comdined nesdr folVRdE approacheste SRDhusngwedrbomar k
can negatJ veéliﬁ J.npact the manufacturing yield or ultinmte perfornmance of
t he devi ce. B needs to be an effective method to renove (clean)

wat er - based fl ui dspf&fm drabitl WRGEEyIRAST QhfaRty84 GSicloRRcEORE %ﬁﬁsruaﬁégg{e.gandh

ultimate deposition of entrained sofutes elimnating waternmarks. e suc

chal | enge congwtirssisthevabeinsenacenductog vafersEMEM8ecoptoedectrovic- deyices, gwitondc
steps general ly.cul gi hate w.th a rinse and dry step. Evaporative drying
causes wat er ‘5&‘_{%34 & PW&’&SPQ?YSS S%CStlééﬁ? ﬁ8’ﬁn_p¥e§e 5%‘@??5 2 naquﬁ%ussﬁpfﬁ%glgand
in various 20clginA@of SREMESDIItRNS WARDE IabRgl £ rdsRRR! toMmohlialefdrradi 1 &ea t he
surface area of the pool. As a result, these drying steps can lead to the

concent r atd ondigingomaternairks dihees wetskmenks resulf fzomdke ponseitmtiop af sobiteson thot i ve

parts. The deposited material.s which n._bes .qrganj -} nor i G ture
contribute togagl?’?‘ést %ﬁ%c,esstl% ?%%%?%goro e ﬂ%‘?i \%g Sﬁgdr guldstr}gh&fe}qatclni ?’aﬁbgnnot
be actuated. mReddeEON, | Gptical)” mago-optidas, beNMBNISIWtruttgrest thés Matermark can

manuf acturing step results, is believed to be derived from adhesi ve and Van
der Waals foRegedvelndmppsictheomanufpeunng yield 98 nbimeePBiPmAReE MhERoMESn can
conpl et el [ ' e [ ey :qStd. £t i on
mamf act u?/er ST‘%%@ %Eﬁsg{od Bg}%%eég?eﬁggé %@n@é@c\% @se%ﬁg r‘%?é? bg%g})ﬁﬁg? E:%)OE]%I S

t hat redubbe ssurfaaesethbieglininnted thid sogcétimation aaé ukinegie depbsftaai dfichtrbieedsoldiBs nor e
even drying progcess,. However, these steps al one have not elimnated the
occurrence of  EHPERHBE Watsimatks i ti cal G2 has been proposed for drying

One such challenge comes in the manufacturing of MEM’s devices. Wet-

processing steps generally culminate with a rinse and dry step. Evaporative drying
causes water with low levels of solutes that is pooled on the surface and in various
20 micro-features to concentrate in locations that maximize the surface area of the pool.
As aresult, these drying steps can lead to the concentration of once dissolved solutes
in close proximity to or on motive parts. The deposited materials which can be
organic or inorganic in nature contribute to stiction, the locking of the motive part
such that it cannot be actuated. “Release stictipn” as it is termed during the
25  manufacturing step results, is believed to be derived from adhesive and Van der
Waals forces and friction. The forces generated by this phenomenon can completely
incapacitate motive parts on MEM’s devices.

To combat stiction manufacturers of MEM’s devices use solvents such as

small chain alcohols that reduce surface tension during the rinse step and facilitate a
30 more even drying process. However, these steps alone have not eliminated the
. occurrence of stiction.  Supercritical CO, has been proposed for drying

microstructures, (see Gregory T. Mulhern “Supercritical Carbon Dioxide Drying of



m crostructures, (see Gegory T. Miul hern "Supercritical Carbon D oxide

Dryi ng of WD 02/066176 PCT/US02/ 04398 -4 Mcro Structures") where surface
t ensi on fwooedc@an cause damage. Researchers at Texas | n®CTOrse04398 nc.
anong others (see, e.g., US. Patent No. 6,024,801) have denonstrated that
supercritical CO2 can be used to clean organic and inorganic contam nants
from MEM s devices prior to a pacification4tep, thus linmiting stiction. 5
These technol ogies utilizing supercritical CO2 do not |limt stiction by
conbi nati on oMidv\Stngtaas’) oliean sudacehtensomdtrees eardcast WhmegarReseanimere dt

si mul taneously so to avoid _the concentrati on of ter a S t
specific si te%fexa?el(t’i‘ﬁ‘ﬁ‘bm%? d8C- 3RO 0ET Shat e'&'arﬁ\%r g@@ﬁ?ﬁ”e%e@ézﬁégﬁ@w on

through an i nyegsaheld BEPSERScfical’00N6an Bk SRBH NG, cladi ofgsh{cA&R1 inorganic
paci fication. 10 Qther exanples of drying and cleaning chal|enges rel ated

to aqueous wetontyminesnts SromyVHMpslevisaepiior to hgpatificatiar Bep, dfusdizifing stagtiohor
interlayer_nmetalization in the production of.integrated citcuits.. These
vias, formed by ne %f*astﬁlsﬁla‘i’/lﬁg‘f% qtﬁﬁﬁ@e_sul?eé‘f‘ﬁtﬁa ra_ tci‘? tnﬁ’i 1&?#, SO CRY |y
have |arge crpdhbighticts RECUryiak | 8% C&RAlHNGvgeO Whfet €snd NdlutesC afe bRmoved
difficult to clean residues from Furthernore, wet-processing steps and

rinses 15 wi t fintultangouiskynsd tof hyoid she getreatration ef Wates\aadoypbies pisspsicifisgsite.

‘| behi : i ing. T | ut g i ted. af
bot tom of ¢ ho ot agbeint. ARreted toll s Bresfile RSttt SRR (B stery
functional i px‘odéssofﬁ%‘]ﬂ%fﬂcmhﬂ%,@{cﬁsuﬂiﬁ@@paﬂsiﬁdhﬁbn.remve water (dry) and

- r

di ssol ved sol utes écl ean romvias after wet_processi n(% steps, thus

reduci ng ¥ el d | osOker examplesmfedryingf andheleaning whakbmees rélatsd to aguequsoyet:  he

present inven; | t hod j 1: l; [ I Ce

conpri sing thé}()g%glﬁ% % ﬂggc}o%% 18ﬂf;1]%?c1§§1 ?ﬁ{gﬁ;? t; g?eg %%%ﬁgéﬁgﬂé}ggr gaglgx%cgfﬁ %1% to
be cl eaned, prodostichi of) irtegiated ichiceits. c Thbsenvids, ofvided by eacthods Rioven bpdsise i on,

t he conpositign conprjsing carbon di oxide apnd, a cl eani ng adjunct, th
cl eani ng adj u%ﬂ‘ﬁ% theftt tarsalydays buge adiel apergaides %Baéég\g@ﬂ]?‘gt,ne“ at

surfactants, afifhe &?H@ll{‘%_t %%Sreéiﬁﬁéseﬁ’ém FHRESARE, WAGSUEAS StepOaAd Bfsel N
the densified carbon dioxide conposition; and then renoving said cleaning
conposi ti th f withn trivditienal f figids poch iasnwater leave once dissolved solutes behind upon

evaporative drying. These solutes deposited at the bottom of the vias can inhibit

conduction upon metalization lowering functional yields.

Technologies are needed that remove water (dry) and dissolved solutes (clean)
from vias after wet processing steps, thus reducing yield losses.
20

Summary of the Invention

A first aspect of -the present invention is a method of cleaning a
microelectronic device, comprising the steps of: providing a substrate having a
surface portion to. be cleaned, providing a densified carbon dioxide cleaning

25  composition, the composition comprising carbon dioxide and a cleaning adjunct, the
cleaning adjunct selected from the group consisting of cosolvents, surfactants, and
combinations thereof; immersing the surface portion in the densified carbon dioxide
composition; and then removing said cleaning composition from the surface portion;
while maintaining the cleaning composition as a2 homogeneous composition during at

.30  least one of said immersing step and said removing step. Examples of devices that

may be cleaned by the present invention include, but are not limited to,



whi l e mai ntai ning the cleaning conposition as a honbgeneous conposition
during at .30 | east one of said imrersing step and said renovi ng step.
Exanpl es wh odewitces that nay be cl eaned by the present i megnriSoom3dscl ude,
but are not Iimted to, WO 02/066176 PCT/US02/ 04398 -5

m croel ectronmechani cal devices (MEMs), optoel ectronic devices, and
resist-coated substrates. In a particul ar5enbodi ment the present invention
provi des a nmethod for renoving water and entrained solutes froma

m cr oel ect r onhixretdedtoencshaticad slevess SMEMSs)c @atcetbctrubist devices,( s hesass-caated

sem conduct or %ubstrat e), a MEMs device, or an opto electronic device is

di scl osed her®°%a%S, such a method, the cl eani ng/ renoval of the water may

al so be referred tg Qspa}t@&ﬂrn&ﬂbdﬁ'm&?letﬂé’aﬁl%écrﬁriﬁ%ﬂtf&ﬁ Videe a IRipanenal .
the nmethod conprises the steps oTl: a) providing a substrate having a an

i maged or paemevingdwhtentud enaiodd sdutes fiesi st mizoedlentrosid deavine svahes ragish-
havi ng water on the.resist 10 coating; rovi di ng ensified (e.q.,
"Tau d or SeupRER TIRERs Tt arpoadie, RhSTEL FbE SRUCRE 4 bRy
conposi tion c8Rfonsd B8iEATsAEc16Ne@ Hefln. AR hudh G Mibihdd A0k Wikahing/rERBv4IT of tAY

adj unct selected fromthe group consisting of cosolvents, surfactants, and
conbi nat i ons witer mey alspdk refemed & agy"dryieg's of thaoeatgrdram dhe davicehln grageal.fthed

carbon di oxide,dryi ng conposition. and then (d) Vi n he_dr.yin

conposi tion FPSHCE hcé’"%f’ése%ef stees 85 & dﬁfm,@gﬁ %L%l.gfe)%ﬁ? ihggjln r® %b@l}é&g%%er?f s of
the inventi onpaetedi fegufeswidh by hirbgst BkaVsilicorOnfer an®havtg Mtk loatth® Resish
further aspect of the present invention is a nethod of cleaning

v, . . a .
ni cr oel ecktd onfagtiBgvibe roviding erfspeified (e Bqwdtas sppgrerifieal) sashanadiexidagryiag |

and/ or cont am . ehc.. T i ) i.qi a 20
Substrate ha\r;al ng tgﬁgoﬁlf' {h%cdéﬁ ggrc g@égﬁﬁ%&g@g@g%%%?g%?%& |aglg aadwx}jﬁe)1 5 ulﬂgtd
g ar bo 3 di 0>O<Ii dmetdwmglraffim;cw f]trbmr’tgcle TgftﬁlpC?IimiSﬁhg bﬁ(njgsohmtpts'; ?ernytalmw, laodh
I OX1 de anda, optlonally u rereranly cl eanl ng adj unct, €. Cl eanl ng
adj unct sel ec@(@a:m%tmtqhsre@fso@b 16’6?%$1§$itﬁ@ Sugfpce: GOHIaFe it e depstlisd; 3Pt~ and

conbi nat] ons &BEHE Yhink TWELSLAGIAR Bl [HERORE A0 dbing bORHARTS hifdne

carbon di oxi de conposition'to thereb an the surfdce portion; and 25
t hen r enoM ngswsface pattieani ng conposition fromthe surface portion. The

mer i no f eani ngystep Gesect bed BBOUE L RYSLERAPLY SRS AU D
sone or all of thatydli€pPhase modulation. A further aspect of the present invention is a
method of cleaning a microelectronic device, to remove soluble material, particulate
matter, and/or contaminants, etc. The method comprises the steps of: providing a
"~ 20  substrate having a surface portion to be cleaned, providing a densified carbon dioxide
cleaning composition, the composition comprising carbon dioxide and, optionally but
- preferably a cleaning adjunct, the cleaning adjunct selected from the group consisting
of cosolvents, surfactants, and combinations thereof; immersing the surface portion in
the densified carbon dioxide composition to thereby clean the surface portion; and
25 then removing said cleaning composition from the surface portion. The
immersing/cleaning steia described above is preferably carried out with cyclical phase
modulation, as explained in greater detail below, during some or all of that step.
Aqueous cleaning systems. A further aspect of the present invention is a
method of cleaning a microelectronic device, comprising the steps of: providing a
30  substrate having a surface portion to be cleaned, providing a densified carbon dioxide
cleaning composition, the composition comprising carbon dioxide and water.

Optionally, but preferably, one or more cleaning adjuncts are included in the cleaning



Aqueous cl eaning systens. A further aspect of the present invention is a
nmet hod of cleaning a mcroel ectronic device, conprising the steps of:

provi di ngwe 0286s13ubst rat e having a surface portion to be e@Cearsezio43ps ovi di ng
a densified carbon dioxide cleaning conposition, the conposition conprising
carbon di oxide and water. Optionally, but preferably, one or nore cleaning
adjuncts are included in the cleaning WO 02066176 PCT/US02/ 04398 -6
conposition, in an amount sufficient to facilitate cleaning of the article
to be cl eanedcomm@sitioabirearcireaunit sgffmiting ticfasilitate kcledeing fof theeartiglp i be cleaned.

cosol vents, syr.factants, t er - so] ybl cl eani ng ,adj unct nd_conbi nati ons
Chereof . The Mol len et DUt HErHEdOE 6N G0 S HEL R AT L Te
portion in thgedgRshdilfds GRERSMbHANhIfefdo®anhB SefOHBRIithOMeiod 2okdpeikeby
clean the article,” and then renoving said cleaning conposition fromthe

surface portiiomeagthecsirfice poitioani Hy. deasifiad cardbon digpedst clegningremmosisiento

inventionds thod o cl.eani ng/renovi ng sol i articulates from

n cr oel ectgr on&fr%ggﬁ?%aél, ChE R ﬁB‘g tfx%ﬁgp?\gp%gsa{cﬁgl%ﬁlg%sco&pp Slg?%v o 283 a
substrat e havipfhc@dpstiohace portion to be cleaned, 10 providing a densified
car bon di oxide cl eaning conposition, the conposition conprising carbon

di oxi de and, opti oRarticplase clegnisfee Aafirthemaspeetnditheypresgni irventiemis a apihadiohig

adj unct sel ectied.fromthe greup consi.sti of S, 1.SHLS and
conbi nat 1 ons CRAPEBRRG ik PO FpefanaeEt (R ° o RESLERR e, 36t RRod 100,
di oxi de conp@sihprispip fhersteps of:@odididyl £5i8Rirate havRpRyeirfiod poitioarnd be vleate,
contam nants therefrom 15 and then renpving said cl eaning conposition from
the surfade pproviding ePadeppifigh aparbor ofioRifen £IGaBIE0CORPRTHAT Hice CREpPOSEON
found, for ex . i . ycal - i ‘ 1 L on:

substyat e, contiRri ekt Oy BhioliRG BN FRLRIEPLIARAL At e
enbodi nent, peleadss adpaciasaidotsds framether @bep abhgistingnof cdsbbentspsirfeatantshend

dryi ng and cl eanj.ng.conposition is 0 maj ntai ned .as, a hor¥o eneous.. d
conposi tion deRPigticns FrReh émmjr%@geéﬂ,e °¢ BRDIPPHY Tt dpnst 9 digpgide

| mer sing andedAgBKIdIGHoP b e MeHAB! 1o3URBL AR PharflERRR Icoh @R itreidfy | N
adj unct or the aqueous entrained solutes on the resist coating, the

patt er nedl5 f eanduthen removingesaidecbamng abmpeditet fiovathe vwfaopppitioh. dampodatiat s

NG AT (T SN R e

mechanical planarization of a substrate.

Control of contaminant redeposition. In one preferred embodiment, process

parameters are preferably controlled so that the drying and cleaning composition is

20 maintained as a homogeneous composition during the immersing step, the removing

step, or both the immersing and removing step, without substantial deposition of the

drying adjunct or the aqueous entrained solutes on the resist coating, the patterned
feature, or the mechanical, electrical, or optical components of the device or circuit.

The present invention is explained in greater detail in the drawings and

25  specification set forth below.

Brief Description of the Drawings

Figure 1 shows a substrate having a patterned resist layer formed thereon,
with water present in various locations thereon.
30 Figure 2 schematically illustrates an apparatus for carrying out the methods of

the present invention.



Brief Description of the Drawings Figure 1 shows a substrate having a
patterned resist |layer fornmed thereon, wth water present in various

| ocat i onswoheneane 30 Figure 2 schematically illustrates &aTappaoads for
carrying out the nmethods of the present invention. WO 02/ 066176

PCT/ US02/ 04398 -7 Figure 3 depicts a phase diagram of predom nantly CO2
systemrepresenting the plausability of a%ransition froma predom nantly
CO2 supercritical mxture to a gas avoiding a liquid phase. Figure 4

schematical ly il uBiignaé 8slepictsapplaasatditprdr of pagdoyiingntiguCO4 bystene tdpoekentdg 5
the present .inventiaon, Figure 5 schematically il]ustrates anofher

embodi nent  of SrPTa&Eﬁ&jrlﬁi oe frapsitieia frofn ﬁ@rmm@%@yn‘i@hé%r%ﬂ%@%@rﬁ

i nvention. DetAil, r%eas LRL of the Preferred Enbodi ments 10 Exanpl es of
devi ces that ;1@@1 egidelg%é;@'t he present invention include, but are not

limted to, m croeFigatre ésechmicadly illdstvitesem {ppldh)s, foopimehecttrtbainethody bt es,
and resi st -cot%t ed suhstrates. The resist typically conprises a polyneric.

materi al , cand® REEFCHNYFIH8R; t i ve- acting resist or a negative-acting resist.

The resist may be paite5n&femticatty PRLEERIEE dnotAGVShERE- QY oft Bl @Y EA:ARE GoAt

the time the drying process is cairied 15 out. Any suitable resist
conposi tion ceamrybng aigéht methody ofithoptes¢rfiényentieent i nvention, i ncludi ng but
not limted to those described in U S. Patents Nos. 6,042,997; 5, 866, 304,
5,492,793; 5,443,690; 5,071, 730; 4,980, 264; and 4,491, 628. Appli cant-s

specifically intend thatpdiifaddeetiphioh 88 dnl PAltbrrbl HngthdSugh®S Pat ent _
references that are 20°Cited herern be rncorporated herern by reference in
their entiGety. Thigxareplesef deyiegediat n@mé)eméganbgbﬁﬁpl presgnt @venionsoelude. k. as
aliquid co i th-0ns .i.n accondance wt.h ner al o] . 3...such
as by spinni %?%o-é ?1%6'?%%9‘?’ W&qr?%?&r@ géetc}qn C%%i%éﬂ %(I{/IE(JSOI\ths\?,e P%%\cgf&gyog%\ﬁ%eﬁ >
techni que. Whamd regibticcated subgratest IMEheSebibtatgpieally esthpiddes bipelyanaid matesiol, vid on
can be adjusted to provide a desired film 25 thickness based upon the

speci fic spi NHENBC d ROPIENEACLINGIPF A8 @ negpline-35ting gesitly The raspbmay be pattesaed t he

speed of the SoiORGLHAAddERPEIRY HhdMeldgedBnt Fhd BARIME UryifiB BT is carried
15  out. '

Any suitable resist composition can be used to carry out the present invention,
including but not limited to those described in U.S. Patents Nos. 6,042,997;
5,866,304; 5,492,793; 5,443,690; 5,071',730; 4,980,264; and 4,491,628. Applicants
specifically intend that the disclosures of all United States patent references that are

20  cited herein be incorporated herein by reference in their entirety.

The resist compositions may be applied to the substrate as a liquid
compositions in accordance with genérally known procedures, such as by spinning,
dipping, roller coating or other conventional coating technique. When spin coating,
the solids content of the coating solution can be adjusted to provide a desired film

25  thickness based upon the specific spinning equipment utilized, the viscosity of the
solution, the speed of the spinner and the amount of time allowed for spinning.

The resist compositions are suitably applied to substrates conventionally used
in processes involving coating with photoresists. For example, the composition may
be applied over silicon wafers (that may include one or more layers thereon such as

30 silicon dioxide, silicon nitride, polysiloxand and/or metal, etc.) for the production of
microprocessors and other integrated circuit components. Alﬁminum—aluminmn

oxide, gallium arsenide, ceramic, quartz or copper substrates also may be employed.



The resi st conpositions are suitably applied to substrates conventionally
used in processes involving coating with photoresists. For exanple, the
conposi t iwo mags1760e applied over silicon wafers (that nayPCRdiSozes3she or
nore | ayers thereon such as 30 silicon dioxide, silicon nitride,

pol ysil oxand and/or netal, etc.) for the production of mcroprocessors and
other integrated circuit conponents. Al unt8um al umi num oxide, gallium
arsenide, ceramic, quartz or copper substrates also nmay be enpl oyed. WO
02/ 066176 PCubshatOdAor HuiSubmtal disptayumedtharfldt ipgus! displaysapalicaionglassy and

other flat panel djisplay a ications are also suitab empl-oyed, e.

gl ass subst r &¥sSul E’g'l ?i%rﬂ’lf)? ‘gi 5& SE6%?%‘”&*%’6@%%1“8é’xé‘#%mafrqaes‘%ﬁ%‘?s ants

Fol | owi ng coahé g, 0f the photoresist onto a surface, it is dried by heating
to 5 renove the solvent until preferably the photoresist coating is tack
free. AlternativelEoliowingragating of the iphototegist letopa curfates #3s desd by Bedtitgtaei n.
Thereafter, it is jmaged in onventional manner.. The .exposure i.s, .
S0t el end ¢ gompreltE Byt el prslPab b PR fotne BroEn Alsingy i
phot oresi st syg} BB diRdPHPAHE Pré:chies Y@ bel "RISn] NThétBafte@SitSls BRBbANE 2

| ayer. 10 Followi ng exposure, the filmlayer of the conposition nmay be
baked. Ther esfhventionglhwarier.MhesXgeosnst zspg&{mnté@nffmbhgactlme thel photaasiies

| ayer to any suitable. devel oper, salution {the choice. of whi,ch w.ll| depend
0 par t Cupon CHPOBEhG A B eSSt Bty ® R Sinhec b st o e
devel oper maylayg. a pol ar devel oper, for exanple an aqueous based devel oper
such as an inorganic alkali exenplified by sodium 15 hydroxi de, potassi um
hydr oxi dd9 sodi umkadlopanatexposiseli the Bilmatdyehsifethes sempesitias mayate, baksdi um
met asi |l i cat e; ' L de. t 4 :
tetra-al kyl a}%ﬁ%&%ﬁ{’fﬁ%@ﬁ%’@%ﬁ ‘l’t}i}t/?%%éﬁt\q?gtﬁr?ggthlsé @?n{]?\egﬁg g%&??oo%gy gltlj%af?leas
et hyl  am ne,derelppemplutim (fe, chdlcetdfiwhicinwilbdepdhd in paropydn theipaticular clediby |
am ne, or nmethyl diethyl amne; al cohagl ém nes such as gi eipgangl am n? or
triethanol arfiffesistanateyel).ikor sxpmpls, e dRVASPH MFOPE2 P‘gﬁ? gherawer, dprexample
general , develo 118, d 1 : ﬂ';&lgp C

After devel ogirrrleﬁ th% b'}gésq]g?@@egﬁa?%nagmq??%%ée‘%?%rh e éﬁfpeﬁeﬁgm%?ﬁﬁlénn
aqueous rliSns djydemxide, spathssiung riiydchxiqe; efodivab | carmpateh esodinyi rbgeaproneted Lsodism

ri herein, Fol] ow n vel n f the.ph r esi in ver th
gﬁ;gt r gte g te H L1ca’te, s%d%u?n metasi 1ecatee; %%mrr%n}arsp ammt oenugm%y%rcggées golﬁt?c?r}s sxghoasea the
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tetra-alkyl ammonium hydroxide solution; various amine solutions such as ethyl
amine, n-propyl amine, diethyl amine, di-n-propyl amine, triethyl amine, or -
methyldiethyl amine; alcohol amines such as diethahol amine or triethanol amine;
20 cyclic aminés such as pyrrole, pyridine, etc. In general, development is in accordance
with art recognized procedures. After development the resist is optionally rinsed (for
' exaniple with an aqueous rinse) and is then dried, preferably by the drying procedures
described herein.
Following development of the photoresist coating over the substrate, the
25 .developed substrate may be selectively processed on those areas bared of resist, for
example by chemically etching or depositing on substrate areas bared of resist in
accordance with procedures known in the art. For the manufacture of microelectronic
substrates, e.g., the manufacture of silicon dioxide wafers, suitable etchants include a
gas etchant, e.g. a chlorine or fluorine-based etchant such a CF4 or CF; /CHF; etchant
30  applied as a plasma stream, in accordance with known techniques.
| Carbon-dioxide cleaning drying compositions used to carry out the present

invention typically comprise:



25 -devel oped substrate may be selectively processed on those areas bared
of resist, for exanple by chemcally etching or depositing on substrate
areas barwo oefediesi st in  accordance with procedures knowrCirrusohesdsst. For
t he manufacture of mi croelectronic substrates, e.g., the manufacture of
silicon dioxide wafers, suitable etchants include a gas etchant, e.g. a
chlorine or fluorine-based etchant such a-&4 or CF4 /CHF3 etchant 30
applied as a plasma stream. in accordance with known techni ques.

Car bon- di oxi de cl e@hcadon dioixivds t6 balansd, typicadly s dstt20, 8ar40y 500 60 pacgatesent

i nvention typi cal Ieg conprise; WD 02/066176 PCT/US02/04398 -9-(a) carbon

di oxi de to bal ance(®) tiygmnch§-01.a9-1y 8ast! 902 pacemdo L0 Bercer Femere h)
fromO, 0.01,8,?{,&%%9.5, 1 or 2 percent to 5 or 10 percent or nore of
surfactant; (c romo0O, 0.01, 0.1, 1 or 2 to 30, 40 or 50 percent or nore
of an organic co- &)d$ohvent.01,(d), lopt2 cnal, 40, orkfilt parcens ommoeerbDali omganis co-
preferably, from0, 0.01, or 0.1 to 2, 5 or 10 percent water; and (e) when
water is inclI¥%IEa wat er - sol ubl e conpound/ cl eani ng adjunct to be

delivered is incl U@S‘%B{i@na@l?, Bﬁmﬂ%néléfrﬂﬂoﬁirﬁ&{ts %l%fefrm&,' #SALEL 0916800 A%00f the
substrate. 10 Preferably af |east one of the surfactant and/or the
co-sol vent i s5bnt) petecht(vetgy; and by at | east 0.01 percent) in the

cl eani ng/ dryi ng copposition, and .optionally h a surfactant and

co a0l vent  hay be e atA e S CRESR S S ROl gt G ERA b o b
included in tagiveRANOFIchideR in SeRABEH REACRAN 1S RABIIRAE ElegMh@ bf e SABYHAL.
application and the nature of the substrate. Percentages herein are

expressedbs - 15 plicksahlygelsagyonaei get swfariessansdighere-eolventiic ichded (he,

cl eani ng/ dryi oShti an. _nAY. provided .as a liquid or. supereritjcal
Flurd Sl udt et BT ol reRelin d6e RleRnbARuRE Smpaitibt, AL FBERRL R D e
are herein tagetiasr aich ool chomas bedasladdd Ridthe @ampositioh.OWatte mdy or may

accordance with established usage. 20 The organic co-solvent may be one
conpound or a9 Re uislugedtino thy Gemnesitiongrdspening upeR #heg particulss- elepmiegt

T 0 1, CoBRSRAn L oAty {4 18 49 ] B R B o

15  percentages by weight unless otherwise indicated.

The cleaning/drying composition may be provided as a liquid or supercritical
fluid, including cryogenic liquids. Liquid and supercritical carbon dioxide are herein
together referred to as “densified” carbon dioxide in accordance with established
usage.

20 The organic co-solvent may be one compéund or a mixture of two or more
ingredients The organic co-solvent may be or comprise an alcbhol (including diols,
triols, etc.), ether, amine, ketone, carbonate, or alkanes, or hydrocarbon (aliphatic or
aromatic) The organic co-solvent may be a mixture of compounds, such as mixtures
of alkanes as given above, or mixtures of one or more alkanes in combination with

25  additional compounds such as one or more alcohols as described above. (e.g., from 0
or 0.1 to 5% of a C1 to C15 alcohol (including diols, triols, etc.)). Any surfactant can
be used to carry out the present invention, including both surfactants that contain a
CO; -philic group (such as described in PCT Application W(096/27704) linked to a
CO; -phobic group (e.g., a lipophilic group) and surfactants that do not contain a CO,

~30  -philic group (i.e., surfactants that comprise/ a hydrophilic group linked to a
hydrophobic (typically lipophilic) group). A single surfactant may be used, or a

combination of surfactants may be used. Numerous surfactants are known to those



aromatic) The organic co-solvent may be a m xture of conpounds, such as

m xtures of al kanes as given above, or m xtures of one or nore al kanes in
conbi nat iwp 0061725 addi ti onal compounds such as one or npPCe#/shretiss s as
descri bed above. (e.g., fromO or 0.1 to 5%of a O to Cl15 al cohol

(i ncluding diols, trlols etc.)). Any surfactant can' be used to carry out
the present invention, |ncI udi ng both surfHtants that contain a C®2
-philic group (such as described in PCT Application W96/ 27704) linked to a
CO2 - phobi ¢ gikdlied ifehegart. See] ¢.popiiditchegn's Mojlumed: Emndsifidratt Betergantsdd99ot

Fydr ophi 11 ¢ Vel ATFeen RHOHD) PYGT BRWBBIRE Eoy phSakpe: AR IS By ). A

singl e surfacian eUsChe QhjoR sutRRN@héLthallcas BE 168 30 tchrr
used. NUMEr OUS SLPrfEaﬁcéltlgtn? <O e plajop sutfh th% WO 05T 066176 PCY U802 04398

10 skilled ipretene 1avetntloﬁem,c1ude gthe: MbsGholshetininelavidesnealkianolmines falleylaryk,
Det er gent rt n Edi. MC Publishin
Road, de Ro%‘ifs aﬂgﬂ‘?ﬁ'&?}f %?a%ﬂ% n%fléwgn%jagfmes &%’%8? a?'meFy?)’géest hat
can be used, atrﬂmgsar EMf(ﬁiéﬁ.edt highindd" @98 Nl dB4e Nbeltsihe | ﬂ'éﬂ\ldﬁﬁfest hElocl@' BEINRES,
al kanol am des al kanol axni nes, al kyl aryl 5 sul fonat es, yI ar sul fonic

aci ds, al kyl b@mlzcwbsqd alobid cxcedleydplesmol afhonplatss, @péboxyhamcrdésand tty @adsed

am nes and a .des, . bet ai ne r.ivative r 0

al cohol or al %6’% %{lgg?ﬁ’?ogﬁlﬁatué@s Sﬁﬁpﬁgt?ﬁ% @Pcé%‘xgg ezl%c@(yga%%c{) ﬁglﬁ%&gls
di phenyl sul f QR@tyeate® s MRIfor Lhidex ydiad:gthted €atiohdds, Eeftﬂitﬁoyldtai edty esters
al kyl phenol s, ethoxyl.ated am nes and/ or am des, ethoxylated fatty acids,

et hoxyl atkd fand qile oty esters, Amaraspben-beaad; suréastaniss Slycein) restess: YR §§f€€ﬁ=
surfactants, S gl: e I

i m dazol i nes at%f‘%flg%}?% %’F et ierl%\%&)atzf)l\?/lzetss, B;fds éflﬂ?&gﬁg%{%sd,eﬁv %\%g’l ?gn ase
derivatives, laa¢lid-basad aﬂeln‘bmei hilgeittliar | andt ilecemn |dengﬂV&Endhgmg namnd hgmn

derivatives, maleic or succinic anhydrjdes rret esters, nono ceri
and deri vat i JS¥ativisefpalelsy OF ofgeiBic 28k §=tén eF%‘erSp %‘}%gf“gﬂé ‘gnl c

derivatives etd ol c c €8erivaGiiyd. 1 C
acid, and acr@‘?gﬁ‘?{]j&g} dq%/%r? acffg%dn{sé ph B?I%%ge?(/y attsec})(h 4 d%z(?%ox aitqegar% a'? ?4

aci ds al ckhol polwhﬁbkqlglpdfm;opdymem dipelysadsharedess wcfydict agits and]lmﬁﬁmaié)
surfactants, cosi ne deriyat ilico ased urf ct ant

sor bi t an den% 2B, %?mxaéé da ggqtﬁ‘i:’%'lag Agg?tgf ?céﬂ'?d ac’trl?}ggl pﬁ?ﬁ’?%’at es
and sul fonate o&‘:ﬁn—ghéea stftecth@t [QhaReh£ surbitidndd, @8rcasife &éi*li\faﬂﬂé’d eBicehdibagglat ed

20 al kyl phenols, sulfates of al cohols, sulfates of ethoxyl at ed al cohol s,
sul fates of f:axrfaytants soaps, sorbitan denvatlves sucrose and glucose esters and derivatives,

sulfates and sulfonates of oils and fatty acids, sulfates and sulfonates ethoxylated
20 élkylphenblé, sulfates of alcohols, sulfates of ethoxylated alcohols, sulfates of fatty
esters, sulfonates of benzene, cumene, toluene and xylene, sulfonates‘of condensed
naphthalenes, sulfonates of dodecyl and tridecylbenzenes, sulfonates of naphthalene
and alkyl naphthalene, sulfonates of petroleum, sulfosuccinamates, sulfosuccinates
and derivatives, taurates, thio and mercapto derivatives, tridecyl and dodecyl benzene

25  sulfonic acids, etc. } i
Figure 1 illustrates a resist-coated substrate article 10 to be dried by the
method of the present invention. The article comprises a substrate 11, which may
comprise silicon or any other suitable material as described above, and which may
itself comprise one or more layers, having a resist coating 12 formed thereon. Water
30 droplets 14, 15, to be removed by drying, are on the top surface and in a trench

formed in the resist coating.



esters, sulfonates of benzene, cunene, toluene and xyl ene, sulfonates of
condensed naphthal enes, ' sul fonates of dodecyl and tridecyl benzenes,

sul f onat ewoab/oeapht hal ene and al kyl napht hal ene, sul f onates/ush2/psps$ ol eum
sul fosucci nanat es, " sul fosucci nates and derivatives, taurates, thio and
mer capt o derlvatlves tridecyl and dodecyl benzene 25 sulfonic acids, etc.
Figure 1 illustrates a resist-coated substthte article 10 to be dried by
the method of the present invention. The article conprises a substrate 11,
which may conpri skigard 2 echieneiticallyiliktigtes aubpabdtes foartcarryiag oas thdeaethodefl

above, and whjch may itself conprise one or nore |layers, hayjng. a resist
coating 12 fJPHéRVenHeReoHC IPAEAUSICPIRRISES @%lsenzh?sedﬁrmg)vgﬁelr ehoVablgyfor
drying, are

coating. WO 02/n DE% 1% ga}i%%g Ij%g%f gﬁ%&?&b%?k%ngur e@fﬁgﬁﬁ J(anfeass‘uﬁétrate

illustrat es ald @ppdreamisrobleciromic Kdyving toobd c]lebnmdhm basiticfed cmrnesultab]ersupmn The
suitable fo cont ai PI ng

appar at us encl osed dryi.ng vessel

liquid or > %‘c?ﬁ‘f’ %ﬁ?ngcﬁ?séﬁlnmﬁydﬁ?lﬂge 8 %?cﬁlr’(}’é%sd@]"lc‘?l% gt Bgans o
substrate 10ag§t9ﬁorptahﬁéwrwlﬁaéwl @E&ﬁ bdor @&Yﬂeefedtte t}'il?dﬁi Qélté ﬁxcPé%'éé bt oned
on a suitabl e support ng vessel may i1nclu a door,

stirring devidserease dtd]presmmlmrclh ad@at exahangerahvatev\mvvcmdavxpormedodrm dgssor

connected to {he dr vessel to inc e or. rease the e

therein, a hé mg%8??&ﬂg’elpcreﬁﬁaclréirecr(‘??seéﬁ%feé‘?pe gf}éeaco%enfsr% ﬁgﬁfng vessel
to increase or decAaffntd16xitieTRAAALMEANS ok B@mﬁ@x’i‘%@ﬂi@ 20 hgcefectc@lts -thé
carbon di oxi de cleanlng/dryln conp05|t|on supply i's connected to the

10 dryi ndOveshuingygssehpy epprontiate pimng g Therplearing/driingytampasitipncunply A2 man

Ry for iselt S R 4 Sof Fofee TRESIS SRR A Bidng B Bt By °
vessel may beirfing| &djundttibid Be cabeamisgdslrst.ngTEOWPSSI hiagnbé dilled | wite!the?8
above the article to be cl eaned 10. Degzendl ng upon the_ particul ar technique

or conbi nat i henY EYHE oSt ya leveB2%ahave flatiartieledo he plspnadnkd. pr ocessi ng
conditions, the Syﬁé @f}lﬂé’g. e?ﬁ‘éﬂl‘% Yecﬂ.{ugge o?%&gx'ﬂﬂxagé‘ﬁ of ?e‘?: g ﬁ”ﬁéﬁé' ﬂ

and/ or addl tional connec to t
desired, 1& deam;ﬂajmlr tos odmﬁtol Cthe Whyng%mmom tho mmmhedclmest inesuppiys&ﬂ aso

that both devel opment and dry bstrate e carried qQut jn the
sane . second gas, second miter] d/tor additional bonng%xpde 34 tonected 1o the
drying vessel 21.

If desired, a developer solution supply 25 may be connected to the vessel so

that both development and drying of the substrate may be carried out in the same
20 vessel 21.. '

A draining system 26 is preferably connected to the vessel 21 for draining
whatever composition is contained therein. The draining system may itself comprise
appropriate pumps, valves, compressors and the like (some of which components may
be serve multiple functions in conjunction with supply elements described above),

25 may include a still for distilling and optionally recycling ingredients such as carbon
dioxide, and may include suitable piping, valves, etc. for recycling various
compositions or constituents thereof to supply elements for re-use. For example, used
drying composition may be distilled to allow carbon dioxide to be recycled and re-
used as part of the drying composition, or to the source of additional carbon dioxide

30  supply.

As noted above, the method of the invention comprises the steps of:



20 vessel 21.. A draining system 26 is preferably connected to the vessel
21 for draining whatever conposition is contained therein. The draining
syst em nmewyoOioesedif6 conpri se appropriate punps, val ves, comrprassposdand the
| i ke (some of which conponents may be serve nmultiple functions in
conjunction with supply el enents described above), 25 may include a still
for distilling and optionally recycling inbdedi ents such as. carbon

di oxi de, and may include suitable piping, valves, etc. for recycling

vari ous conposi t i@hprovidiagrstubstmeea thavinher eoimsgedsarpptigrned deantessuchras a

re-use. For exanple, used drying copposition may.be distilled to allow
car bon di oxi cF@SIFtoc‘[?ée‘f%EW‘@ e’éﬁgi haying, e %thﬁé%lsﬂﬁﬁ?at’cnﬁe drying
conposition, or to ‘ : L e oX| ‘ Yno AS
ot ed above. the 2l Ray ore FRAAERd it by HARla e BRR-EY Litbon MpSelBoine

02/ 066176 PCToud2itidd 388 dryii@ cérapogiiaveamprising culxst diatide ha£R dyying adjundinged
or patterned feature such as a esi st coated .silicon fer and havin

wat er on the tL%gﬂQPg BORPFLRS, CCEGG)é?}P FONG QYIS ?flp%oﬁgﬁgr}t@’. Suryd t&ﬁﬁsda@r
supercri ti cal gonfianliRRas tepedede drying conposition, the drying conposition
conprising carbon dioxide and a drying adjunct, 5 the drying adjunct
sel ected from the @ éumersingithe ismfacst pontion| inethe sdengifietl agar gmx,gdﬁddrymg
conbi nati ons therex%.f - (c).,imersing the surface portion in the densified
carbon di oxi @R “¥LREdsi tion: and then (d) removing the drying
conposi tion from t e rsneVine SelkRyihb 0bmpddtidiRoRtBE QfacPpodival er s nay be
controlled so that the drying conposition is naintained as a honpgeneous
conposi tildn dlke pgocese namaesteis ngragt ke contrellede oy ihaly the (BN oFOIBRISHIQM, @S

i mer sing and__[r.enwvi.n Wit hout i al ok I ' :
redeposition %%J%ﬁ%ed r ya? irl\(glgg%ﬁnﬁ&r)fgst &ﬁﬁc’ggﬁo@g@n&iﬁ r?Pgﬁgfr?\l%{sﬁ%o érlee@iﬂslet: re(%(gltl?%g.
Preferably, tdep,srovdtithg ifintPsihg afdrremedinguster)ywithodt rgbdtintiat alepanitiali oxi de
with 15 the adjunct to produce a honogeneoqus sol ﬁ:’?i on, and then the

i mmersing st egdeRositiepafdep drying adimcEoTRMEIEPFTHEY tRECHFPAY & onposi ti on as
c hommaerous SO SRS BB RoF e g b bl B
under pr elsurthe adfuact to produce a homogeneous solution, and then the immersing step is carried
out while maintaining the drying composition as a homogeneous solution. Such
mixing can be carried out in the drying composition suppl}f 22 by any suitable means,
such as sﬁrring, injection under pressure, etc.
The removing step is preferably carried out while maintaining the drying
20  composition as a homogeneous solution. In general, this is achieved by inhibiting the
| boiling of the drying composition as it is drained from the drying vessel. When -
draining liquid €O, from a vessel the liquid reaches a state where it is at equilibrium
with CO, vapor, termed saturated vapor pressure. To maintain sa’mratiori, as liquid is
removed from the vessel by venting or pumping preferably from the bottom of the
25  vessel, the liquid phase boils to generate vapor for the increasing volume of the vapor
phase. This boiling which may be nucleated at liquid/gas, and liquid/solid interfaces
causes adjuncts with lower vapor pressure than CO, including, co-solvents and
surfactants, and solute contaminants to concentrate ét interfaces. Concentrated
adjuncts, deposited contaminants and interfacial stresses created by boiling at
30  liquid/solid interfaces can be damaging to resist features, MEM’s, or other .pattemed

microdevices. In the case of imaged and developed resists, feature sizes less 130-



The renoving step is preferably carried out while maintaining the drying

20 conposition as a honobgeneous solution. In general, this is achieved by

i nhi bi ti ngotodwesi®i | i ng of the drying conposition as it i ecarsonesdsromt he
drying vessel. When draining liquid CO2 froma vessel the liquid reaches a
state where it is at equilibrium with CO2 vapor, termed saturated vapor
pressure. To maintain saturation, as liquitBis renoved fromthe vessel by
venting or punping preferably fromthe bottom of the 25 vessel, the liquid

phase boils tongkhekmce rathp Predt€r thh S ard Gragiiladly Makepridbloto tirgageaPodcess
phase. This boili ng% whi ch may be nucleated at |iquid/gas, and liquid/solid
interfaces c@u8es tpraymeisycihfamagesreas (pAeWs- pressure than C2 i ncl udi ng, .
co-sol vents and f: t ]yt -am :at Qs :
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to resist features, MEM s, 0{1 ot her, patterned m cyode ices.ﬁ %er case of
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to separate of \4505a!%s ibes%fﬁﬁﬂaﬁe GlisQBE vilseld PMANS1 #oR BSS andhr! MhurfgGhe
draining step, storage vessel 31 contains a liquid CO, composition at a saturated
pressure equal to or in excess of the saturated vapor pressure in the cleaning/drying
20  vessel 21. Draining may be accomplished by first opening the gas-side connection 32
between vessels 21 and 31, and then opening the liquid-side connection 33. Liquid -
flows from cleaning vessel 21 to storage vessel 31 by gravity, if 21 is located
sufficiently above 31, amd/or by pumping. Liquid transfer described above avoids
boiling thereby avoiding potential damage to resist features or other device features.
25 When the drying composition is a supercritical drying composition there will
not be a gas-liquid intérface. In this case, the removing step may be carried out by
first adding a second material (e.g., a cosolvent as described above or a secondary
gas) to the supercritical drying composition so that it is converted to a liquid drying
composition, which can then be removed from the vessel as described above. Ifa
30 secondary gas is used to causé the supercritical fluid phase to change to a liquid, the
gas should be chosen from those having a saturated vapor pressure that is higher than

that of CO, and/or a critical pressure and temperature higher than that of CO,.



drai ning step, storage vessel 31 contains a liquid CO2 conposition at a
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transition from the supercritical phase to the gas phase, liquid boiling is avoided

20  thereby avoiding vthe interfacial stress caused by a retracting liquid meniscus at the

liquid/solid interface, and unwanted deposition of solutes onto and in microstructures.

In another embodiment, the removing step is carried out by diluting the drying

composition with additional carbon dioxide from supply 24, during which dilution the

drying composition is removed from the vessel by draining system 23. Since larger

25 quantities of carbon dioxide are required for such a technique, the use of a still to

distill drained carbon dioxide, along with appropriate piping and valving for returning

- the carbon dioxide to supply 22 or supply 24 for subsequent re-use, is preferred.

In still another embodiment, a secondary gas is used, at a pressure range above

the saturation point of CO, gas, to displace liquid and gaseous CO; in the drying

30  chamber leaving a predominance of the secondary gas in the vapor phase. The

secondary gas, possessing a lower heat of compression, can be vented from the

chamber to ambient pressure with less heat loss to the system. Also represented by a



is an endotherm c process, heat may need to be added to the systemto

mai ntain the tenperature of the fluid or gas above the critical
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(CPM ., or whi Il)r%cessihg controls of the CO, dense phase/cleaning composition that result in (1)

enhanced physical and (2) enhanced chemical action on resists, resist residues,
organic residues, particulate matter, and the like. With respect‘to 1), liquid and
20 supercn'ticaf CO;, plasticize organic polymers whereby CO, permeates the bulk phasé
at a molecular level, augmenting intra- and inter- molecular bonding interactions.
During CPM, as the density of the fluid is modulated up and down, carbon dioxide
mass diffuses in and back out of the polymer bulk phase. This précess causes
mechanical stresses and strains 'on the bulk polymer that facilitate expansion,
25  contraction, delamination, potentially dissolution, and ultimately: removal of
polymeric materials from surfaces. Since‘dense carbon dioxide cleaning is preferably
enhanced using co-solvents, surfactants, reactants, and sometimes water, the dense
phase must also be a good carrier for these materials. With respect to 2), CPM is used
to control the partitioning of chemical adjuncts in A) the continuous phase, B) at the
30  surface of the substrate, and C) in the bulk-phase of the material to be removed, such

as the resist residue.



cyclically nodul ati ng/ changi ng the phase of the cleaning conposition (i.e.,
cyclically 15 changi ng the phase of the cleaning conposition fromliquid to
gas, |iqguwo oeoesisupercritical, supercritical to gas, supePCTiusozed3st o
liquid, etc.). CPMenploys processing controls of the CO2 dense
phase/ cl eani ng conposition that result in (1) enhanced physical and (2)
enhanced chemcal action on resists, resistéresidues, organic residues,
particulate matter, and the like. Wth respect to 1), liquid and 20
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materials in t.hese.ranges Jis. also ntrati - depe . ; g
with highly p‘i}ﬁs e diobRisesh OrstadfBified it lerp?}étlt‘g’,ﬂ bﬁﬂg&g‘qﬂﬁgéngt%‘hl?{g BlasB a9
are typical | ythe Raghetbethensubbtente.d FaiestgreS CO, tolanhdjaiis itidwebdk, phase of
surfactants with C)2-philic character have been_sho to be yvery usefyl in
di spersing apRIvEesES 889 pereys raskies i ap pdrelt of GMs 1@@99“?9%?‘%%%?@,5

Component s hael REsht B, sbEhrahd e LRR B b 1L DRAEC Pl Sobtatingased

conponent s have béen ense” phase Q)
conbi ned Mi t hefeet iratha bali-pshabe/leintticatiglichhancss svidlimg anddisORjonad rehduedeffer t y
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3;” face of thgySURStBMdEhe RSN BESs GRS sRelliMBGha diSsolfiRnbil denbbase
COs. A soluble hydrogen bonding co-solvent can be employed with CO; to enhance
the swelling of the bulk polymer and ultimately the removal of the materials from a

20 . substrate. However, the swelling and dissolution or dispersion of this material is
limited kinetically by the concentration of the adjunct in CO2. With CPM, conditions
of (T) and (P) can be manipulated to cause partitioning between the continuous phase
and the surface of the wafer, and in the bulk phase of the residue. This process
increases the localized concentration of adjuncts in and on residues at a molecular

25 level. This concentrating effect, represents and kinetic advantage over solutions,
dispersions, or emulsion of adjuncts in dense CO2.

In summary, CPM with dense phase carbon dioxide and chemical adjuncts,
enhances the removal of resists, resists residues, particulate, and organic materials by
enhancing physical and chemical action on these materials encountered during the

30 manufacturing of microelectronic substrates.
Cyclical Phase Modulation (CPM) during an example wafer cleaning

process. During the manufacturing of an integrated circuit, a semiconductor wafer is



pol ymeric and porous residues can, as a result of CPM diffuse out of bulk
materials at different rates, concentrating the adjuncts in the bulk
phase. Thwe ceoeaent rati ng 15 effect in the bul k phase ki n@eCirasbt/g43esrhances
swel ling and dissolution of residues. For exanple, consider the case of an
organi ¢ pol yner residue that contains polar hydrogen bonding functional
groups that inhibit swelling and dissolutibh-in dense CO2. A soluble

hydr ogen bondi ng co-sol vent can be enployed with CO2 to enhance the
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CO; or alternatively prior to the addition of the dense CO,. The adjunct addition

module serves to store, filter, mix and sequentially or simultaneously meter adjunct

20  materials to the cleam'ﬁg chamber. During the cleaning process, the dense phase CO,

is optionally circulated from the cleaning chamber through valve (e) (66) using pump

(VII) (63) through solid separation filter (VIII) (64) and valve (f) (65) back into the

chamber through the spray bar (X) (53). During the circulation the wafer can be spun

at rates between zero and 3000 rpm. Also during the cleaning step, the density of the

25 system is cyclically modulated. This can be accomplished with the following

sequence. Pressure vessel (I) (50), the high-pressure vessel, containing dense CO», is

maintained at a pressure notably above (50 to 2000 psi greatér than) that of cleaning

chamber (III) (51). Pressure vessel (V) (70), low-pressure vessel, is held at a pressure

notably less than (50 to 3000 psi lower than) cleaning chamber (IIT) (51), and the

30 temperature of the independent vessels are roughly the same. In the cyclical process,

valve (2) (56) is first opened to allow for the flow of mass between (I) and (IIT) then

closed. Valve (d) (71) is then opened to allow for the flow of mass between (III) and



(XI'1) (54) through valve (i) (55) or from pressure vessel (1) (50) through
valve (a) (56) to a pressure of between 300 psi and 5000 psi at a

t enper at Wwe oef6dieé ween -20C and 100C. The tenperature of PCrasSdeoMses CO2 can
be nodul at ed usi ng heat exchanger (I1) (60). Additionally, the tenperature
of the processing phase in chanber (I111) (51) 15 can be nodul at ed usi ng

heat exchangers internal or external to th&echanber. H ghly filtered
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cycle. 5 Alternatlveégt mass can be added to pressure vessel (1) from
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(1), ot TSR, G HEbBaLfid O bBbe SR Yoottty
Dense CO2 ci rebdtatar®embve] Em e chhmbbe rTHel Hér)se CO, is Vented from cleaning
chamber (III) to a waste or abatement system.

20 Water soluble compounds to deliver. Examples of water soluble compounds
to be delivered to facilitate cleaning in embodiments employing water in the cleaning
system as described above include, but are not limited to: Acids (including but not
limited to HF, HF/NH4F (also known as “BOE”- buffered oxide etch or “BHF”-
buffered HF), H,SO4, HCl, HBr, H;PO4, HNO;, CH3CO,H, H,S,05 KCN, KI, etc.);

25  Reactants (including but not limited to H,O, NHsF and NH4F, SiCls, SiHCl;
Si(C.Hs0)4, Br, I, EDTA, Surfactants, (NH4),SO4, O3, Hy, SO3 N2O, NO, NO,, Fa, Cly,
Bryete.); Alkalis or bases (including but not limited to NH4OH, KOH, NaOH, etc.);
Weak Bases and ion pairs (including but not limited to Choline
(CH3)3N+(CH2CH20H'OH), Tertiary Amines, etc.) and combinations thereof.

30 Methods for the Control of Contaminants Following Carbon Dioxide
Cleaning of Microelectronic Structures. Contaminants removed from surfaces

features of microelectronic substrates after ion implantation, ‘back end of the line’



can optionally be augnented using punp (VI1) and valves (e) and (f) during
CPM 10 During the cleaning step, CPMcan be alternatively achi eved using
vari abl e woloames17€ hanber (I1V) (80) with valve (c) (81) opecadiSot/m3vhi s
scenario, the volunme of (1V) is increased and reduced cyclically, between
1 and 500 tines in a given cleaning cycle. In this CPMscenario, fluid can
optionally be circulated through the cleani®hg chanber (I11) using punp
(VIl) and valves (e) and (f). After a period sufficient to renove the 15
contam nants (BEON) dear$hY t o4 R
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HNGB, CH3COZH, H2I26:BmoK&Nall Kleani@h @rocesseh, HIorotR M the hbaCloudhipletélsirenote
limted to H202, NH4E and NH4F2, SiCl4, SiHC13, Si &gZ,HSO) 4, "Br, |, EDTA,
Surfactants, hgepaaipanty3andadusets fgpp thacsubsiepte feavingy the sghsprage; drep;
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end of the |imeteriglFRdien sserdnimgjdwesofemswst-cleaning posesseiPofnerstervedr o an

nature and conpositjon dramati.cally. cor di pgl cl,eani.n st eps nmust
address these" t8ma§jﬁ§’ EUIS W?%%r%“%@%?%‘ﬁﬁaﬁgﬁ%ﬁte{hes‘%é? %Eﬂﬁj%glﬁﬁfeﬂ{ s
to eitherisr eagteghitddcirdu@R ad@ otttk SEQLYRetrSUE Ubvicshl SHIRE &eradiitHaly inindiked
vaporize themfrom5 the substrate. As such, a variety of water and

sol vent - basednsygtcdenningaitl slyent |hesad elganipg prasssses byxising eapiciscareatis he
broad vari et ytﬂﬂrg-pﬂi%s\&fgtef%a%ll &iPents for rinse steps. In these processes, fluid streams are

directed in a fashion that sweeps contaminants away from the substrate such that re-

deposition of mater is minimized. These rinsing practices result in large quantities of
20 aqueous and solvent-based waste streams that are increasing as device feature sizes
continue to shrink. Vapor-phase dryers, such as IPA dryers, are also commonly used
to minimize the occurrence of watermarks or water-spots. - " ’
Liquid and supercritical CO,-based cleaning and drying proéesses have been
proposed in the manufacturing of microelectronic substrates. Processing
25 methodologies that effectively eliminate the redeposition of contaminants onto and
into the surface features of microelectronic substrates during or subsequent to
cleaning steps are needed. The processes disclosed herein accomplish this task while
also advantageously minimizing the extraneous use of processing rinse fluid that
would result from patterned flow and waste scenarios. Figure 5 represents a basic
30  process diagram for a general description of this embodiment of the invention.
During or carbon dioxide cleaning steps fluid in the chamber may be in the

supercritical state or the liquid state. Furthermore, liquid CO, compositions can be at



Common to all cleaning processes, however, is the need to conpletely renove
all contam nants, and adjuncts fromthe substrate |eaving the substrate
free, swuwettanedlaé |y free or essentially free of organic, PCRASQAM30S
metallic, or conposite 10 waste mater (e.g., the anmpunt of contam nants

| eft after the process is conpleted is not nore than.5% 1% 0.5% O0.1%
0.05% 0.01%. 0.005% 0.001% or |ess, by20 wei ght of the ampunt of

contam nant prior to the cleaning process)). These foreign naterials often
seen in resi dhesathrationweintcleansd segupteddemse €0, qlitped andfgas cedxistn@gs some

wat er mar ks, can dramatically and detri al l.y af.fect %he ultimate

nt. .
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This is tradifiemah/dciiRhZed] bd &S?gf,éacge aaidng and sol vent based cl eani ng
processes by using copi ous anmounts o ultra-pure water and/or solvents for

rinse steps. |n t Resevwmpcassasicd |COH conpestmsaael coitvwinosts jfromacleaghg on
t hat sweeps cgnt ani nant s, awa rom.t he substrate ,such that re- deposition
of ater Bs I SedoRHEL d AR Y ablreed Faulies FhA srdanian: Fod os
of 20 aqueousyamdi-HR Meetohared Waste streams that are increasing as device

feature sizes continue to shrink. Vapor-phase dryers, such as |PA dryers,
are al so commonl y Geering sepsrisingiCPe maysise evarietyrad sherhicabadiunets ikeluding co-
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substrates. Hreitiessithe qehtitEvBofgaldl &F thaimehhect | Tiesy @biefhBabfyt be
redepositi on"of contam nants onto and into the surface features of

mi cr oel edr orfuependpdt diasadyedd udisneeseds of usRegfiedting e eqrbethidinxids epatingons
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advant ageous!ly mnimZin he ‘extraneous use o rocessing rinse
woul d resul t rhaerialpdhtwipaedtiédl a@Oaas wallshe ligadniarlangly kifgnetdnSoff €0s dhadt s a
basic 30 process diagram for .a general description of this enbodi nent of

the inventi orfenBiy-iGRICElYSRrakRe. 45 816 sty ebtrdPxt@paueusREss ¢PerHecschanber
may be 10 ! NesabitiediChshliRins Sighdsibhs, I SublAUALIAIRG Aebreadellt SIREL FERGYal loE AL d

CQ2 conpositions e at 02/ 04398 -20 the saturation
poi nt, tdbdmedCOamasatiedugh duairdngC6R védtinguifdhantbagmg chembsr sindees gradwaiao

DrOPOTLIOn). ok aGa S, SOMPLESRPH o, LA 0 P SEUS ) o U oSS
supercriti calmielals ORRAS FddepssitttinGRE tad dtaldhnlih&M ehEadiosffion in the case
of adjuncts, onto the substrate. Consistent with conventional cleaning processes,
copious amounts of ultra-pure rinse fluid, in this case CO,, can be used to dilute the
20 adjunct plus contaminant mixture prior to the veﬁting step such that minimal
redeposition is encountered. This can be disadvantageous based on required fluid
volumes and processing cycle times.
The current invention circumvents the above-described problems as described
in the context of Figure 5. Supercritical processing fluid containing some level of
25  contaminants and/or adjuncts either prior to a rinse step or subsequent to a rinse step
is removed without deposition. or redeposition of materials onto the substrate.
Chamber I (50) represents the cleaning chamber. Pressure vessel II (51) represents a
storage tank for processing fluid after cleaning. It can be integrated with abatement or
recycling systems as desired. Subsystem III (52) represents a source of clean (i.e.,
30 sufficiently clean to achieve the desired level of cleanness/lack of redeposition of
contaminants on the substrate) gaseous or supercritical components that can be a

secondary gas with a saturated vapor pressure that exceeds that of carbon dioxide, or



5 chanbers avoi ding re-deposition of cleaning adjuncts and contam nants and
mnimzing rinse volunes. C eaning steps using CO2 nay use a variety of
chem cal wadjoaned1sé i ncl udi ng co- solvents, surfactants, re&Crarsvzo43vat er,
and conbi nations of sone or all to enable or facilitate the quantitative
removal of contam nants. These materials may be 10 suspended, dissol ved,

di spersed, or enmulsified in the carbon di o%tde conti nuous phase. The
stability of suspensions, dispersions, emulsions, and even sol utions of

mat eri al s i n swpey beited cabo@oxide welthe agpdrérifidat] phasel @r gps| phase. f dixemplany of

CX2 fluid density. Generall eakin as the density of the

continuous p h?fggn%@é RS gghqd%eﬁa%ﬁﬁng‘i’&ef} %fﬂo%ﬁ‘gé’ﬁéf g%h &r n’d’%&?f% ?ﬂ{s In g,
enul si ons  al se YRGERATHPentich CRtABIRREA sutrcritaCARI B $Sm VR THAN RO Rk Siflg OF
venting of the Cl eaning chanber nmandates gradual to raﬁﬁl d reductions in

fluid densi t ychanthies bp pravéding e secandsnyl soujog of iges fratesyisieabllbS2 dirpughsal et (b)

materi al s, teryed redeposition jn,the case of contam nant.s deposi.tion
" he cade By AP Ererenatitgedsnt BRaSR h Be pEGReR AR A RAsfE R nal
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prior to the %bauifsgmppaiforupanhsimulirrgoys with the epening povelve(benwbiacebed.
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contai ning sone | evel of 25 copntam nants and/or adjuncts either prior to a
rinse stely orchambee gl eneontipueus floyof seeqndpyy gasnwid fllvidduttergsporsed i or

redeposi tion gf, B} eRi : i : ts
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or supercritical conponents that can a secondary gas with a’'satura
vapor pr esur Buitliva chanlee s 1ddally thyf suparchitinaldi Qxaddled from $y6tedR (105 Baszslower

T U2 0439% iy S BE RSS2 S  COPRRGE i
argon, and oxygeity isdccBinphniE®by t4ped 86%- ofllass out of chamber (I) into vessel (II). The
flushing action removes CO, plus contaminants from the cleaning chamber. The
process can be used as a final drain followed by a vent or in conjunction with a series
20 of fill and drain sequences preceding a final vent. .

Removing liquid CO, compositions and contaminants Jrom cleaning chambers
avoiding re-deposition of cleaning adjuncts and contaminants and minimizing rinse
volumes.

Liquid CO, compositions can be removed from cleaning chambers without the

25  deposition of adjuncts or redeposition of contaminants using the following sequence
that incorporate a secondary gas such as helium or nitrogen, or gaseous oOr
supercritical CO,. In the first case, liquid compositions are removed from chamber (I)
by first opening valve (b) to system (III) where system (III) contains a secondary gas
at a pressure greater than that in chamber (I). Nearly simul‘;aneously or shortly éfter,

30  wvalve (c) 54 is opened between chamber (I) and vessel (II) allow for forced plug flow
of the liquid composition from chamber (I). After complete removal of liquid from

(I), valves (c) 54 and (b) 53 are closed. This process can be used as a final removal



the present invention, contam nated supercritical fluid is renoved fromthe
processi ng chanber by providing a secondary source of gas fromsystem 111
52 t hrougWwowalogd7¢ b) 5 53 at a pressure that exceeds the pcedsor/es3vh the
processi ng chanber (1). Rapid mxing of the secondary gas with the
supercritical fluid will transition the continuous phase to a liquid
conposition. Nearly sinultaneous with the-8pening of valve (b), valve (c)
54 is opened between chanber (1) and vessel (I1) to allow for renoval of
the CO2 plus deant@pipi@ntts ventigg pt itgafdequenos oflfdl anddrdimstepan. Aléabariselyh)
remai ns open provjding 10 chanber (1) a continuqus flow of secondary gas
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fluids of varie density 1s acconpani ed by rapid 1l ow of mass out” of
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and contam nants from cl eani ng chanbers avoi ding re-deposition of cleaning
adj uncts Hhd Bonprasesssen be used aviarfing remayal pmBush stepl prias$0 changher gentpepor in
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sequence that incalpakiidyaifstheuisaing gasmiet i using NafuidiC®y cahpdst@n,at or
gaseous or supercritical CO®. In the first case, |liquid coppositions are

removed from EiERiservapen pressyrerthe Suidsamastionspy ee (inaddn dyatolaring si9psiher e
chanber (1)) RELS RePEGPEERIEaaN S5 ekl SHe® AR Fho WMl EOR' "
opened betSeesatehtdbepof pressand isviasimedindd ih)veadel G prdor toahe dchiphg @r flushing of
Lhe 114 composi HL o Lrom charber (s, Ler 697 ehe remual iof |/ ad
a final removahndQi2heRa0 0pHAS LiHE82 (194388 he vaor-phase side of (II), then opening
valve (c) 54 connecting the liquid side of (I) with the vapor side of (II). By force of
gravity, this allows the flow of liquid out of (I) without boiling liquid in chamber (I).

20  The boiling of liquid is prevented to avoid the deposition of entrained materials onto
surfaces. Vapor side communication (i.e., a vapor gommunication passage to permit
vapor flow) is preferably provided between the two chambers. Once age,tin, this
process can be used as a final removal or drain step prior to chambet venting or in a
series of fill and drain steps preceding a final vent. |

25 The present invention is explained in greater detail in the following non-

limiting Examples

COMPARATIVE EXAMPLE A
Treatment of a Coated Wafer with Liquid Carbon Dioxide

30 A CO,-miscible, hydrophilic solvent, such as isopropanol (IPA), was added to
a high-pressure vessel that contained a piece of a poly(hydroxystyrene) (PHS) coated
silicon wafer. Liquid CO, was added to the high-pressure vessel. As the liquid



drain step prior to venting or in a sequence of fill and drain steps.
Alternatively, heated gaseous CO2 or supercritical CO2 is supplied from
system (IWD)0206ding t he sane process steps. In the case ofCgasepusICO2 the
pressure and tenperature of the gas nust exceed that of the processing
fluid in chanber (1) to be renoved. In the case of 5 supercritical CO2

bei ng supplied by system (I11), the fluid-2%-supplied at a tenperature and
pressure that exceeds that of the fluid in chanmber (1) so |long as the
density of theOARAI(ZI% FPA &gsioliing) rhixaire dlenisess leveluiode bbovehaerbatace lof theAny
condensati on of gas or SU&};I’CI’IUCM Cx2 to a |qull,lld as mass rapj gﬁy fl ows
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used as a fi (r)lﬁalfrﬁ%res’rmﬁ%aﬁl tid F%@A g%m%r ﬁgsr dltro% ﬂﬂr(?%‘grtﬂ%g%?%g&g?él %@H
series of fi Ipresnd: tesagln Mbmodama@cmdnheg:veefeﬁ wasabbseevetd. asAlht dPAalailed| ay the f
the cl eaning cha is using liquid CO2 conpositions at saturated vapor
pressure %e Iiq /Has(/:Yf bg]tqr]rf]agﬁ can be drained in the followi ng steps to
avoi d deposition of materials onto the substrate surface. In this case,
liquid CO2 at 15 saturated vapor pressure is naintained in vessel (I1)
prior to the draining or flushing stEKANI'HEEI] qui d conposition is drained
from(l) by first opin val ve [e) té1e vapor -.phase side of
(1) with the vapor - phass arbon Dioxide o/
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boiling at the liquid/gas/wafer interface. There was no damage to the wafer after the

system was drained with a secondary gas. The system was rinsed with pure liquid

20  CO, and was then drained as mentioned above. ‘There was no damage to the wafer.

EXAMPLE 2
Treatment of a Coated Wafer with Liquid Carbon Dioxide

Liquid CO; at its saturated vapor pressure was added to a high-pressure vessel

25  that contained a piece of a PHS coated silicon wafer until the wafer was éompletely
submerged in liquid CO,. A mixture that contained liquid CO, and IPA, 2 % IPA by
volume, (alternatively any CO,-miscible, hydrophilic solvent, or hydrophilic/CO,-
philic surfactant) was added to the high-pressure vessel that contained the piece of

PHS coated silicon wafer submerged in liquid CO,. No damage to the wafer was

30 observed. The liquid CO, mixfure was drained from the high-pressure vessel to
another high-pressure vessel containing predominantly liquid CO, at saturated vapor

pressure by first opening a valve connecting the vapor side of both vessels then by



-23 C02/1PA (2 %1 PA by volunme) m xture neni scus | evel rose above the
surface of the wafer, danmage to the wafer was observed. After the system
was ni xeawbdor/0dd76 m nutes, the liquid CO2/1PA m xture wasPATAISNEW3PS om t he
bottom of the high- pressure vessel. Mirre danage to the wafer was observed
as the IPA boiled at the 5 liquid/gas/wafer interface. EXAMPLE | Treat nent
of a Coated Wafer with Liquid Carbon Di oxf &&- Li quid CO2 was added to a

hi gh-pressure vessel that contained a piece of a 10 PHS coated silicon
waf er until tdpeningfaevalvwasonnectpigethe liguidishdesrfgeth vesstls.qlihe liQEa. was drathed by e
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of PHS coated silicon wafer subnmerged in liquid . No damage to the
waf er was obstertheessallventayingtheweaferlBgmentcas of mnsel@drthailiqued wrhabeequastlyt i | |

no damage o the fer. A seconda as heliym or nitrogen) was added to
the top 01'5t th aWF(gﬁl %Fé%asf’ﬁf eﬁ‘i’élggﬁg%/b.o ’?‘hégl(ﬁ”inqﬂ? gam@fZ‘f'?ws%VQ%l‘ur e was
drai ned under the pressure of the secondary gas to prevent boiling at .the

| i qui d/ gas/wafer interface. There was no damage to the wafer. after the
system was drained with a secondary gas.EWIgyE'ﬁem was rinsed with pure

liquid 20 CO2 and vvasgth n dgatnﬁ gé gti oneq . ve., dhere. damage
to the wafer. EXAVPLEE itihe oaftd Wa i and Supe '“—éfurg-@wm bon
Di oxi de Liquid COLiguid €6, Sadslidateto uapeh-pRisans wesselitit aostaided @ plece of a
hi gh- pressure vessel 25 that contained a piece of_ a PHS coated sjlicon

waf er untiQ tHES Gagted sifigen wafesIvatibihy waltiwes epsapletsly sugmiceeedap iqmd Qe o e
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saturated vapor pressure by first opening a valve connecting the vapor
si de of bidt h ABeseperiadedting swificipt 066106 ACTiUSHRLIG48g8rity of the water from

the surface of the wafer, the liquid mixture was diluted with pure liquid CO; to effect

(

approximately 5 liquid turnovers in the drying chamber. Heat was then added to the

- liquid CO; causing a transition to the supercritical phase. The chamber containing the
wafer is then drained and vented by maintaining the temperature of fluid and gas

20  above the cﬁticalfemperature of CO,, thus avoiding the liquid phase. The wafer was

removed from the chamber with no damage.

EXAMPLE 4

Treatment of a Coated Wafer with Supercritical Carbon Dioxide

25 Supercritical CO, was added to a high-pressure vessel that contained a piece
of a PHS coated silicon wafer. A mixture that contained supercritical CO, and IPA, 2

% IPA By volume, (alternatively any CO,-miscible, hydrophilic solvent or surfactant

that increased the carry capacity of CO, for water) was added to the high-pressure

vessel that contained the piece of PHS coated silicon wafer and supercritical CO2. No

30 damage to the wafer was observed. The system was mixed for 15 minutes. There
was still no damage to the wafer. A secondary gas (helium or nitrogen) was added to

the top of the high-pressure vessel until the system became subcritical and a liquid



-24 opening a valve connecting the liquid side of both vessels. The liquid
was drained by force of gravity as the first vessel was positioned

subst ant iablog/oediove t he second to allow for conpl ete draiPecagso2/Nssgtianage
was observed. Pure liquid CO2 was added to the vessel containing the wafer
segnent as a rinse, and that liquid was subsequently 5 drained in the
manor descri bed above. Again, no danage wa25ebserved. EXAMPLE 3 Treat nent
of a Coated Wafer with Liquid and Supercritical CO2 Liquid CO2 was added

to a hi gh- pr egshitenswesSeimdd) ahedRRiRTISMAPA mikeeewal diineHinkdEiShe padsade of
silicon wafer until the wafer was conpletely subnerged in liquid CO2. A

m xture that @6feeindary gasdaipgeveabboiling at the Ligrid/gaspualsy injegfaghe There was no
(alternativel [0 ent t

i ncreased thegca QDS@%g@%%%hQ#ﬁmégég#d&@%ﬁ e?qhﬁég 3g%8&$8£$cfﬁg%y&éﬁi

hi gh- pressur ewsesiagdd whtpueohipdi re0, hhbwas ded dhinbliSs meantioaet abdviec dTheraf er
subnerged in liquid CO2. No damage to the wafer was observed. 15 After a
period of Xi n‘éla%%ﬁﬁ@?&?ﬁf’theow?féhove the substantial majority of the water
from the surface of the wafer, the liquid mixture was diluted with pure
liquid CO2 to effect apprOX|nater 5 liquid turnovers in the drying
chanber. Heat was then added t COMPARATIVE EXRMRUEB1g a transition to the
supercritical phage. The chanber cont a| ni ng the vvaf,er, he .dr.ai ned and
vent ed by mai nt ai ALME A : ated \Wafes y Ligaud 45 ~

critical te eratu ) na. t nas
renoved from)t he c glep\%?t att %isa&ﬂgﬁgd 9E[5<A(HjeoIE b?t(%& WQSPHS I‘%ed\@ﬂi%n

Treat nent of a Coated
Vaf er witH Supefecr ﬂﬂlecxazkfelcarabomtmned itibewater Sogpaetcwas pleadd @Chetagh-padadet o a

hi gh- pressure_vess a i ned of. a PHS coate | i con vvaf er.
A o ur ot her e e 8 g ) MBS oD ril BaSe SERHE TR ST e
(al ternativel yiaa¥ol P8 mihites. bfrﬁe égzﬁr ©0hidld fotSlvaRNhe %tlﬁdldl%?lé’i 8hiyatel fagt
increased the carry capamtgmqg}a for water) was added to

t

hi gh- pr essur edetgrayined viswedly aﬁmmmmpﬂ@@en@ie Beg cebbat ed si i con waf er
and supercritical C®2. No 30 danage to the wafer was observed. The system
was mixed for 15 mnutes There was still no damage to the wafer. A
secondaryiygas (heliumor nitrogen) wagxagvdedg® the top of the

hi gh- pressure vessel until the system becane subcritical and a liquid WD
02/ 066176 PCT/ US02/ 04398 Solvation of Water from a Coated Wafer with

Liquid Carbon Dioxide ‘and Cosolvent

A droplet of water was dripped on top of a piece of a PHS coated silicon

wafer. The wafer that contained the water droplet was placed in the high-pressure

20 view cell. Liquid CO, was added to a high-pressure vessel that contained a piece of a
PHS coated silicon wafer until the wafer was completely submerged in liquid CO;. A
mixture that contained liquid CO; and IPA, 2 % IPA by volume, (alternatively any
CO;-miscible, hydrophilic solvent) was added to the high-pressure vessel that
contained the piece of PHS eoated silicon wafer submerged in liquid CO,. No

25 ' damage to the wafer was observed. The system was mixed for 15 minutes. The water
droplet was completely' solvated. There was still no damage to the wafer. A
secondary gas (helium or nitrogen) was added to the top of the high—pressure vessel.

The liquid CO,/IPA mixture was drained under the pressure of the secondary gas to
prevent boiling at the liquid/gas/wafer interface. There was no damage to the wafer

30  after the system was drained with a secondary gas. The system was rinsed with pure
liquid CO; and was then drained as mentioned above. There was no damage to the

wafer.



-25 nmeni scus was formed. The liquid CO2/1PA m xture was drained under the
pressure of the secondary gas to prevent boiling at the |iquid/gas/wafer
i nt erf acewOomhws@’evas no danage to the wafer after the sy®CaEmSoaes3os ai ned
with a secondary gas. The system was rinsed with pure liquid CO2 and was
t hen drai ned as nmentioned above. There 5 was no damage to the wafer.
COVPARATI VE EXAMPLE B Sol vation -of Water f26m a Coated Wafer with Liquid
Carbon Di oxide A droplet of water was dripped on top of a piece of a PHS
coated silicon 10 wafer. The wafer that contained the water droplet was
pl aced in the high-pressure viewcell. Pure liquid CO2 was added to the
hi gh- pressure vessel. The system was EXAMELES 15 ninutes. The liquid C02

did not solvate the entir ] vi sual Iy through

a sapphire w ndow on the \%o&%?@éﬁ?W%%%ﬁ@%&%ﬁfg%?gﬁ of Water froma

Coated Wafer with Li quighidCandSuapétceiticdbCarisbnDivaidecnid Cosblvepk et of wat er

was dripped on top of a pie of PHS coated silicon, .The waf er
Pg‘%%’ﬁt

waf er .
that contal ned t he®™Eids 04 B wettsd wigh Wﬁ@r’rﬁsd%‘y%‘?lgé’gd’?éna@ﬁo\‘}? ew
cell. Liquid 3 L g I : t @ O&dnshepl €Ce
of a PHchoat g???mﬂ%mgf%?ssg%??iﬁcﬁiﬁm%? gﬁtﬁgégtyr% et el yﬂsﬁ%ﬂer geo(lepi n
liquid C2. Awasrfikedimithtlivaid cobdmdioede! iThsipdotG@Pe aysterh Rontaihedoal gorigyhigh
vol une, (alternatively an 02-m scj hle, . hydr il.ic sol vent s ;added to
the hi gh- pr oSBT esSel - Sontaming diopid E}Qa H]‘I‘%Qp/}’) i@% bafvc%ag%@é%@a“@%%b/ i28dn
waf er submer _geﬁbéinﬁiséimu ho:6P3lic NeIveRt SREBER AP 1Al Snctedsed tMASarBP saa¥RY of The

systemwas m xed for 15 mnutes. The water droplet was conpl etel .

sol vat ed. 10The€©: ferswatei)| Thersixdd ligyid €0-/Ih+e viaa péded 1A thesdymechagnbgaiomrdei um

or nitrogen) was added to the tqgp of the high-pressure ve l.. +<sThe Liguid
o201 A PR PR Bty Toreaestiect BB i bR s SERREon, 1 Rt
prevent boi | i MHe B§uill GO/ IPAUNB/H8 WasahRhed Witk 5TRERI tufdo@Es ofparalayudd@ysot 0
the wafer 30 after the systemwas drained with a secondary gas. The system

was rinsed withet gher eoncenfgaiion COPAvsioried tohedtaghien 9 disareHignt conrsatraiive.
There was no ?ﬁ‘&%%ast fo %ﬁiscﬁ@%o%atigpdg%g %&E@)zpﬁs{qusgﬁépﬁ%géoz flush, the

15 liquid CO, was heated to 35°C transitioning the fluid to a supercritical phase. The

supercritical CO, was then drained/vented from the vessel as heat was added to
maintain the fluid, and subsequently the gas, above the critical temperature of CO,.
When the chamber was completely vented the wafer was removed dry and
undamaged. |
20 "
EXAMPLE 7
Drying of Water from an Imaged and Aqueously Developed
Resist-Coated Wafer Using CO, and Chemical Adjuncts

A 5-inch silicon wafer coated with a PHS photoresist and a PAG was imaged,

25  developed using 0.238 normal tetramethyl ammonium hydroxide, and rinsed with
deionized water. The wet wafer was then transferred to a high-pressure drying
chamber, where liquid CO, at saturated vapor pressure was added in a small amount.
Additional liquid CO, at saturated vapor pressure premixed with a hydrophilic/CO,-
philic surfactant was added to and circulated through the chamber to displace and

30 remove the water from the surface of the wafer and features of the resist pattern.
After a short period of time the liquid was drained to a secondary storage vessel

containing a small amount of liquid CO, first by allowing a vapor-side



26: EXAMPLE 6 Sal vation of Water froma Coated Wafer with Liquid and
Supercritical Carbon D oxide and Cosol vent 5 A whole 5" PHS coated wafer
wetted wiwboaas@are as it would be in an aqueous post - deveCorseno43ps ocess,
was placed in the prototype drying chanber. The chamber was filled with

| i quid carbon dioxi de. The prototype system contai ned a second high
pressure vessel , containing liquid CO2 pf@l% 2 % | PA by vol une,
(alternatively any CO02-m scible, hydrophilic solvent or surfactant that

i ncreased t hecmnmyicmamabémyemfthel@w@%ssfe@r thent gy )Dpaﬂmg i xalde lcoapectng@Rd | PA
was added to the dr chanmber fromthe sec nd hi pressur essel using
a punp. The swoghp (1R Hessel Witk the hajioasof t Erﬁ%com? a@med@%ﬁ PR icerRe o

was 11 ushed wibiiodyLiguy Lk 5 pﬁogftmvaﬁfma{ﬂ i ;aeqﬂgﬂ%%s& kA okFiey of

concentration IPA to a fraction o revi ous concen
There was no ﬁnerhqsmiukamed lﬁtamthaddynngnbam}im Gmdfjlngdmanﬁwwastmmmmﬂush

t he 15I| ated to 3 sitioningt |
supercriti cal P‘H dgf{};g? 8% @R ?‘ﬁ 3%@?%%?%&?88?‘&%%%%9%?@& FAdm
the vessel as;featq YRssaddad: bR cORERAIRA 5meud54m@t wabdreebrepuent | ynd he

gas, above the critical tenperature of C02- \Wen the chanber was conpletely
vent ed t he wasmall amemn@fmmadMgwm CQuarid theadywihg db@nﬁm&awdDOwbnge $

Vater f | d_ Resist-Coat ed
and” Cnon cal SiaRcRuta 50P cRdcitt; B0 WP Geniefabbl® wiE Rl e e T OIeRS: o
and a PAG WaStehﬁi%ﬂz@ﬁe abd%e GRY 6l dertdratr O 13 GvORiiiEB the! Ri-ham®t by b 1afm@ni um

hydr oxi de, and rinsed with deionized water. The wet wafer was then

transf er ry t@e@}SWSghT be ézwgeds dhvploned, Biadtied wafieves theguiegnomep fmm the

sat ur at ed vap ded | mal .l t uj d
C02 at satura vapo?reg mtilﬁfa S?f}cg xé%}% dm§nﬁﬂ'§fr%ndh® #né%f% 'é
sur fact ant Wﬂ&a&dﬂg@lécﬁoﬂlﬂﬁcfblsé@él aﬂ&ﬂmﬁdirdsgmghsﬁdv&dqhaﬁmerdetxaopbcsfehm and
30 renove the water fromthe surface of the wafer and features of the

resist patterfemonsreiéng inelisppee prsternscpidessithae 12hen gareccanaisteat srurdyally a
secondary stofage. eég%§,%e C@O%é‘lbﬁges@_ smal | amount of liquid CO2 first by

al | owi ng a vapor - si
15
EXAMPLE 8

MEM's Water and Contaminant Removal

During the manufacturing of a MEM’s device containing a series of

electrostatic actuators, a sacrificial oxide layer is removed using aqueous hydrofluoric

20  acid, exposing a series of pivoting plates parallel to the substrate surface. After a
sequential rinse step, the device is transferred to a high-pressure COz-based drying
chamber, where a liquid CO, mixture is added at saturated vapor pressure. The liquid

CO, contains a CO,-philic/hydrophilic surfactant that is premixed with the CO, to
ensure a homogeneous composition. After a period of circulation, pure liquid CO; is

25 fed into the chamber as liquid CO,, surfactant, water and entrained solutes are
removed from the vessel at constant pressure. The liquid CO, remaining in the
chamber is then heated to above its critical temperature converting the fluid into the
supercritical state. The supercritical fluid in the processing chamber is then vented

into a storage tank serving to ensure that the temperature of the fluid/gas mixture stays

30 above the critical temperature of CO,. This serves to ensure that the liquid state, a
liquid meniscus, and associated surface tension are avoided during the

draining/venting step. An SEM analysis of the MEM’s device shows that the pivoting



WO 02/ 066176 PCT/ US02/ 04398 -27 communi cation between the two vessel s then
by opening a valve connecting the bottomof the drying vessel wth the
bot t om ofwDhe/ne@eoONnd st orage vessel. The second storage PETASD2/04398
position sufficiently bel ow the drying chanber that the majority of the
liquid drained fromthe drying chanber. The drying chanber was then filled
with 5 pure liquid CO2 as a rinse fol |l owed2by draining as described above.
This was repeated to insure that the concentration of the adjunct was

ef fectively zglaws arkhwdl subsmhtialBrpagalie] 6f the aubdtnteguface wiitth 0@ idence bfrethays ng
chanber was heated to above its «critical point, 350C, and the CO2 was
vented whil e THEEIARAI ni ng the fluid/gas tenperature above the critical
tenperature thus avoiding the formation of a liquid 10 nmeniscus. The

i maged, devel oped, and dried wafer was then. renmoved fromthe chanber,
stored in the absence of |ight and noEXIAMBLE#hd t hen anal yzed using a

scanni ng eg ectron m-croscope. The mnjcrograph showed that the devel oped

features, ” denonstrating |ine/ spa%ﬁﬁiﬂ%l ess than 120 -nm were

consi stent struct up@ldh Hﬁﬁg ﬁ‘(rgfsﬁ%gbﬂésﬁiﬁ@s SR paiphIREs REO ¢&RSved Lo sEXMIPLE 8
Tant Removal “Du M s

MEM s Water and Contam ring the manufacturing of a ME

devi ce cont ai wiimgythe fekowieg podcesedtemst rist mbstmte ot seatiemductar wafer iWithcd mktabxi de
| ayer is renoved. using aqueous  hydrofluoric 20 acid, exposing a,series of
b1 voti g pl at Bs LT sittig. dhdotib i acrEerraciehs «F hedd, Btk O Nee
step, the dthﬁ%@ perenad gm;éoﬁc@n@atmnqtiwm $iHl5 B OasmdIshydoRthining
chanber, where a Tiquid m xture is added at saturated vapor pressure.

The |iquid Cohighanrisy B hdiceb-pridiophilisysuriagaitlis sntendpeetcataln?00 praand soom

prem xed with, the t ensuyre a ho eneqQ 0 | Li.on. 3 i od
of circul ati o??fnpﬁfﬂ%g% idg‘(ﬁha‘5111 5§ ?O@gf%'i’@a Iy Mol tt%hc;%gglgstﬁbtgg e%@ﬁt“ﬁ{qﬁ‘?‘éip‘%z, |
surfactant, wairRie as tiRNtWaBdrn efdlos@UbE Sreadhfulsifieatiomed Thionst gompiiseld by

constant pressure. The l'iquid CO2 remaining in the chanber is then heated
to above its Bejeasipg|the cifsetivg yphime gl dhe iC?F@mtnBeC}falnlhea Gapgigg 1 geduction in
supercritical h W Lo b NgLENGRRRN T S
then vented P%%%}e:ﬁg%ko?gggﬂ f gt(r:ll{?bltsnet(réf\?l ﬁ%h#%%ezésbuég%% E%’?R? %?tghrﬁgaeraturltsa of
t he fl ui diyasincieatad wing aysutGatel vudalile @olmmict dytiadertandpepatpuiate alve€O2 Thahi s

serves to ensure thaf the |jquid, state,
aqueous cleaning soﬁu(%ion,dis condenseg1 onto the surface of the wafer for a short

period of time as the density of the liquid CO; is reduced. The pressure is then
increased by a reduction of vessel volume restoring the pressure in the cleaning
chamber to 1200 psi. The cycle is repeated 20 times. The first solution is then
20  displaced from the vessel by a second cleaning solution consisting of an aqueous
fluoride in CO, emulsion with a high purity CO,-philic-b-hydrophilic surfactant. The
pressure is then modulated cyclically as above, 20 times. Supercritical CO, at 1800
psi and 40 C, with a high purity surfactant is then flowed through the vessel to
facilitate the removal of any remaining particulates. A supercritical CO; rinse is then
25  completed by addition of pure CO, to the vessel. The system is vented a final time

and the substrate is removed.

EXAMPLE 10
Polishing slurry, polishing residues and particulates are removed post-CMP
30  using the following process steps. The substrate, a semiconductor wafer with émetal
or dielectric surface, is loaded into a pressure vessel. An aqueous solution of

hydrogen peroxide in a liquid CO, emulsion containing a high purity CO,-philic-b-



i quid nmeniscus, and associ ated surface tension are avoi ded during the
drai ning/venting step. An SEM anal ysis of the MEM s devi ce shows that the
pi voti ng W 00AsA66176 PCT/ US02/ 04398 -28 plates are all abdaisano4dsss |y
parallel to the substrate surface with no evidence of release stiction.
EXAMPLE 9 5 Post CWP O eaning Polishing slurry, polishing residues and
particul ates are renoved post-CWVP using t B2-f ol | owi ng process steps. The
substrate, a sem conductor wafer with a netal or dielectric surface, is
| oaded into ahpiredslic surfeesmels infodugd ed U208 @binﬂdanomftempymmgeﬁ‘hpethsie

30% concentr t| on in water | e S ontainin a high
[(Z)UI’I ty C02-phY ?Ei:“(’:“gos ﬁ%’?‘i&e&s ?Iftgg]?eaﬂ’t%oz %0% V?Sag%cé ﬁ tf %ng
room tenper aﬁs‘rﬁgea vEM 1S %@iuﬂ%&b@?%ﬂrﬁ%ﬁ%‘td fhe l&&ﬁnigove%swdqm %rés?ﬁ‘re is

emul sion onto the surface of the wafer f owed by re-emulsification. This
i s acconpl i shibdn nereased bpagedustivhef ekfsekvolumertoirestere dhe pressued @a‘ihﬁmglgmaénber

el af Cabout ‘. T e R Ao, Do B odbtil” RSl B B P

vol une cyl i ndgy a 3adndRREMRE isskubiol 3bNEding AN agadiRe YRIoEHE BNCOY eﬁliﬂsiﬂnl \Qi’dh l s
condensed onto the surface of the wafer for a'short period of tinme as the

density of t haehighgquiigy @Qz-phslwbdmdl@@hﬂwerfm@ts ukhe pressureeis thenspdidsted apy a

d f I
o 1200 psi . RE el Topk B kRS PR L SBelBsf (R0 Ohaniie "2

di spl aced fr omam@mwﬁtsebziswuales&fémﬂ cdgeﬂtn(engﬂa@kuatmma@maus hdidgisofhemn
aqueous fluoride in CO2 enul sion vmtﬁ hi gh purjt

C02- phi | i K& b-Pgriecbphpiel tha vessel infacilithie thﬁrr@wwleoxy any penainigumstad dons.
lical l
St Lo P BORLS Mp t R y p

facilitate thfacilienots repbvaryf ang tahaining pmamdtﬂawhmtasA ApetppeicalrCOj dade 62
rinse is then 25 conpl et ed addi.tion t he vessel

systemis vent&¥ campicid by pddition appeeC @a&ﬁwa‘teésef "hesvien 1sgm@ée%
Pol i shing sl %&Xm@ﬂie‘sﬁﬂé&h@efeﬁﬁiv@&'es and particulates are renoved post-CW
30 using the followmng process steps. The substrate, a sem conductor wafer

w th a netial

EXAMPLE 11
Photoresist is used to pattern substrates for ion implantation. The photoresist
used for this process is removed in the following steps. The sﬁbstrate, a
semiconductor post ion implantation, is loaded into a pressure vessel. Supercritical
20  CO, is added to the vessel at 3,000 psi and 35 °C. As the supercritical CO, circulated
through the vessel, a co-solvent mixture consisting of triethanolamine, N-methyl-2-
pyrrolidone, a surfactant containing both CO,-philic and hydrophilic components, and
water .are added. The mixture composition by weight is 7:2:1:1, and the total
concentration of adjunct added is 2.5% w/v of the fluid system. The pressure of the
25  vessel is reduced using a variable volume chamber and appropriate valves causing an
expansion of the processing fluid in the cleaning chamber and thereby condensing a
concentrated mixture of the adjunct mixture onto the surface of the substrate. The
temperature of the mixture drops below the T, in the course of the expansion causing
a transition to liquid CO2. The system is re-pressurized and the fluid mixture heated
30  above T, again using the variable volume chamber and internal heaters. This cycle is
repeated 20 times and followed by a pure supercritical CO, rinse. The system is

vented and the substrate removed.



or dielectric surface, is loaded into a pressure vessel. An aqueous
solution of hydrogen peroxide in a liquid CO2 enul sion containing a high
purity COROphiobdice b WO 02/ 066176 PCT/ US02/ 04398 -29 hydr @phiusozoses f act ant
is introduced at 1,200 psi and room tenperature. The aqueous cl eaning
solution is condensed onto the surface of the wafer for a short period of
time using a variable volume chamber conn&ting to the cleaning vessel.
The pressure is then increased by a reduction of vessel volune to restore
the pressure to the original 5 value. The cycle is repeated 20 tines. The
first solution is displaced fromthe a second cl eaning sol ution
consi sting of an aqueous fluoride i nﬁgﬁlﬁlﬂ?on with a high purity

C02- phi | i c-b- hydr opdlynkRic PHEGARGIRRED resite rdfi@RSHBmboed B8 tRAHLaLRd @
above 20 tines using a variable volunme chanmber. Supercritical CO2 4
cont ai ni ng a tegtrudfer aftoursacdaicottalihe usingl theifojowmenprocess steps. An amine

t hyl i ani_net et ti i.d) it Q flowed t h.th |t
facilitare cMutiioblis e sSagfoiid o goie: deh g sosefad ity Fol BB i
a hi gh purityphskd d@fimBleoplilit B&mdnk RRRicl B6 eHédesédl At Y900 ki a_tt@ol°tg&%l what e

the renoval of any remaining particulate nmater. A supercritica rinse

is then conpieined! %ywaddifarient)ofThefluid aiztureist ¢irsulatkdiroughtibe osselenThes

vented a fin i nd,. the .subst rat e, renmve XANPLE, 11 Phot.or esi st
o sed to parrbly S AT B b S o LR00 PR bR! SrllRbRE T o
for-this proceigct snioethio ¢aadervftthe sitdtrheWrhg pdsQiRs is thee rapiistin@ted dack
sem conductor post ion inplantation, is | oaded into a pressure vessel.
Super cri thcalto20U8apsi resdispersiag l chemicpbadiupctyt The exvde jsgrpeping 20stinaes ysing he

supercri ti cal, Gl {tA AlnlI04OR 4408 Y&F;aﬁeéhﬁmgewsﬁgm@%mma@f %

consi sting of triethanolamne, yrrolidone, surfactan

cont ai ni ng bahlinfad? thehiehiperatuie abydarophdd ¢C as pogsiblentiieliuangas w360 rpsi whe
added. The m xture_conposition by weight irs 7:2:1:1, and the tota
concent rat i orfhel addfd i theaelersing shamimwyas/a valve tahdhg bitemsgfsthe phamrher was

Bppropr i ate varuee ERaRE vedel SRS R TR M LR S R A TR

appropriate vdlves causin ; ssing
cl eani ng IShardudr repladed Ibgr £ pyesoaivde nsmbgphare 6P paenhdlained Arfitect the chetimt Wes

o et XL S L8 LS SUrace O e SRS AL, The shelmscal e O, the
cleaning solution consisting of a co-solvent (2,4-pentanedione, 3% w/v total) and a
high purity surfactant (1% w/v) was added to the cleaning vessel with CO, at 3000 psi
and 60 C. The pressure of the system is modulated as described above 20 times while

20  the temperaﬁ;re of the fluid is maintained as close to 60 °C as possible using an '
internal heater. The cleaning fluid was drained as above using helium as a
secondary gas. Finally, a pure supercritical CO;, rinse is completed, the system was
drained using helium as a secondary gas and then vented, and the substrate removed.

The foregoing is illustrative of the present invention, and is not to be construed
25 as limiting thereof. The invention is defined by the following claims, with

equivalents of the claims to be included therein.



a transition to liquid C2. The systemis re-pressurized and the fluid

m xture heated 30 above Tc again using the variable vol une chanber and

i nt ernal Weakm®6@76 This cycle is repeated 20 tines and folPCowsd2/p9sa pur e
supercritical COQ2 rinse. The systemis vented and the substrate renoved.
WO 02/:066176 PCT/ US02/ 04398 -30 EXAVPLE 12 Pol yneric photoresist and
resist residue is removed fromvia structudbs of a test wafer after
reactive ion etching using the follow ng process steps. An amne 5
(triethyl am NnEHAT VWHPEHASICLARMBDOS:pl us a high purity surfactant with
both a C02 philic and an ol eophilic segnment is added to the vessel at 3,000
psi at 60 C (2% wv amne, %wyv surfactant). The fluid mxture is '
circul ated throughyt d 3 i el i :

api dly reduced {ov1 SBETOLot Spei o RAGRAUARR ARG, CbiR BB bR
surface of the subptovatieg a ftbstrge dswing e sinfadelyontioraioibetl ofeaned,r eased back 10 to
3,000 psi Jye-dispersi all chem cal _adjuyncts. .The cycle is. repeated.20
times usi ni) a varPré’H{%“S/&l drrsiiissh sprben Hié’é’c & %legﬂﬂ%ocwoﬁﬁlémcﬁﬁﬁbgm%i ng

an internal heghGssiddh coaagarm@ AP RLLEAPSAAL YlBnRS ARRAEL, R eakindSadjunct
possi bl e. Heliumgas at 3500 psi was then added to t1he cleani ng chanber as

a val ve at t hseldstad Gronofthe fgeouph eotséstingaef cospdveats, tsurfactaats: end eogdinativhe
processi ng flﬁ)igdﬁ\élas rapidly flushed fromthe chanber % 15 and repl aced by
a pressurized Stsphere of pure helium After the heliumwas vented off
the cl eani ng vesseimmeging ArErfts BortPHNif saidRRASIfed ichibbn &kid yastion;

cl eani ng solution consisting of a co-solvent (2,4-pentanedione, 3% w v
total) ant a amiypnpurity surfactant (1% w v) was added to the cleaning
vessel with CO2 at_3000 psi. .and 60 C Th [ I t systhemis

nodul at ed as descr{e%‘(’aoa'1 S(?{/ded%m%% %%po\fﬁ% efp(ﬁ]ggfiﬁggﬁf%rﬁfg?tg nﬂ)ré%ﬁlgf the fluid
i's maintai ned as chigaihidg 8EidCl@inpOSIMPYsRIonHs Rthdfgehedigrddaiposites during he
cleaning fluid was drained as above using _heliumas a secondary gas.
Finally, a puptdeastpes efsaid igypersing stepsigé siid reBaEngs8d, the system was

drai ned using heliumas a secondary gas and then vented, and the substrate
renoved. The foregoing is illustrative of the present invention, and is not
to be conkirued 23. ke Imethdd ageordieg aofclaifhd, iwheesit iseitl indcrdéédtromic dgvithe

following clains, . with eglui val ents, of the clains to be included therein.
comprises a microelectromechanical device.

3. The method according to claim 1, wherein said microelectronic device
comprises an optoelectronic device.
20 '
4. The method according to claim 1, wherein said microelectronic device

comprises a resist-coated substrate.

5. The method according to claim 1, wherein said carbon dioxide is

25  supercritical carbon dioxide.

6. The method according to claim 1, wherein said cleaning adjunct comprises

a co-solvent.

30 7. The method according to claim 6, wherein said co-solvent comprises an

alkane, an alcohol, or a combination thereof.



WD 02/ 066176 PCT/ US02/04398 -31- THAT WVHICH IS CLAIMED IS: 1. A nethod of
cleaning a mcroel ectronic device, conprising the steps of: providing a
subst r at ewbarioerg7@ surface portion to be cleaned, 5 proviadcagsaasssified
car bon di oxi de cl eaning conposition, said drying conposition conprising
carbon di oxi de and a cl eaning adjunct, said cleaning adjunct selected from
the group consisting of cosolvents, surfaci?nts, and conbinations thereof;
i mrersing said surface portion in said densified carbon dioxide :
conposi tion; 10 a@ndThechmsthoédanordigg satkdinlleaheri sodplesiing edjuhctmompaises
surface portion; _while rmaintaining said cleaning conposition as a
honogeneous ¢ert on during at |east one of said imrersing step and
said renoving step. 15 2. The nethod according to claim1, wherein said

m croel ectronic device conprises a mcroelectronechani cal device. 3. The
met hod accordi ng t% Thamethbd astredimgrio sleinh $rivdrensh seidrsorfactanteopntaens £ 6Fpr i ses
an opt oel ctggg*c device. 20 4. The nethod according to claim1l, wherein
sai d mi crdel OHPEPdevi ce conprises a resist-coated substrate. 5. The
met hod according to claim1l, wherein said carbon dioxide is 25
supercritical carbon dioxide. 6. The nethod according to claim1, wherein
sai d cl eani ng adj ufctTheanghodaxording to dainy &rvhergo szid sprfactpgitdestineicestag ng
to claim®6, wh bei lsaid co-sol vent conprises an al kane, an al cohol, or a
conbi nati on t"h@ e8I 82/ 066176 PCT/ US02/ 04398 -32 8. The net hod
according to claim1, wherein said cleaning adjunct conprises - a -

surfactant. 9. The nethod according to claim8, wherein said surfact an&
cont ai ns 18 co2-  11. The method according to claim 1, wherein said providing step 1s carrie

out by mixing said carbon dioxide with said adjunct to produce a homogeneous

solution.

12. The method according to claim 11, wherein said immersing step is carried

15  out while maintaining said cleaning composition as a homogeneous solution.

13. The method accordihg to claim 12, wherein said removing step is carried

out while maintaining said cleaning composition as a homogeneous solution.

20 14. The method according to claim 1, wherein said cleaning composition is a
liquid cleaning composition, wherein said immersing and femoving steps are carried '\
out in an enclosed chamber, and wherein said removing step is carried out by
pressurizing said enclosed chamber with a second compressed gas by an amount
sufficient to inhibit boiling of said drying composition.

25

15. The method according to claim 14, wherein said second compressed gas is

selected from the group consisting of helium, nitfogen, and air.

16. A method according to claim 14, wherein a second compressed gas with a
30  lower heat of compression than CO, is used during said draining step to displace
liquid and gaseous CO,, thereby leaving a majority of said second gas in the vapor

phase and serving to prevent thermal shock upon subsequent venting thereof.



5 philic group. 10. The nethod according to claim8, wherein said
surfactant does not contain a CO2-philic group. 10 11. The net hod

accor di ngwpeobairén 1, wherein said providing step is carriP€d/USOM04388 m Xi ng
sai d carbon dioxide with said adjunct to produce a honbgeneous sol ution.
12. The method according to claim1l, wherein said imersing step is
carried 15 out while mmintaining said cledhitng conposition as a
honogeneous sol ution. 13. The method according to claim 12, wherein said
renoving. step is carried out while maintaining said cleaning conposition
as a honogeneous sglution. 20 14. The method according to claim1, wherein
sai d cl eani ng conpbs ?i}hFd?Fth%d accordipg teiclaing 4 nwhgreah pd Sleanigs ,Comﬁﬁlﬁ?%lssaai d
i mrersing an i calri TolV) FETFa M- Yol : arand
wherein saidqwgﬁggyﬁgqgtep % &%P%?gﬁv§%¥ﬂ§§&dﬁressﬁ?g%kgggggﬁgggﬁ%Fgggd
chanber wit h @rsecandn aorpelossiechagher, ind avhessin uaitl remuotihp cleprit carcied obhi by t

boi ling of_ said.drying conposjtion. 25 15. Th t hod according to claim
14, wher ei’n R %Pdcgfﬁ%r@iégos Supegiritisal Gleeater FERSHIETgRodit 1t 18

consi sting of cdigkiesh aiduiAEhin@Bfinfisitionl 6- A method according to claim
14, wherein a second conpressed gas th a 30 lower heat of conpression

than CO2 is used during said draining step to displace |iquid and gaseous
C02, thereby |eavi majority of. said. secpn as in the vapor .phase,and
serving Lo prevent ¥ Adearbeh abseringo SBSeh I naY i en if e

02/ 066176 PCT/$Q2f18430&id cRRoind corp6siti WA aagiGehlicalboh Aigial, m 1, wher ein

said cleaning conposition is a “supercritical cleaning conposition, wherein
sai d i meldsi ng and renoving steps are carried out in an encl osed chanber,

d wherei id [ ' i ed b i,ng . d.n i al
0 said superori ti Car B Agokdng BLPRFR 1" Whering BT SRR BiRhe, ©

l'iquid cl eaniwigh aeidpasid @amga;&tiof{ ha @Hk{mﬁtﬂ sR6S ofrdi Afert © pekiall refltimehei®i n
said renmoving step is carried. out by diluting said cleaning conmposition
with additi onemRresitieans dilysed wéth ppge liquid CO; and then heated to produce a supercritical

fluid, after which said .supercritical fluid is removed while maintaining the’

15 temperature of the fluid and gas above the critical temperature of COs.

20. A method according to claim 1, wherein said cleaning comprises removal

of water from said device.

20 21. A method of removing water from a resist-coated substrate, comprising
the steps of: |
providing a substrate having a resist coating formed on a surface portion
thereof, and having water on said resist coating;
providing a densified carbon dioxide drying composition, said drying
.25  composition comprising carbon dioxide and a drying adjunct, said drying adjunct
selected from the group consisting of cosolvents, surfactants, and combinations
thereof;, |
immersing said surface portion in said densified carbon dioxide drying
composition; and then
30 removing said drying composition from said surface portion;
and wherein said drying composition is maintained as a homogeneous

composition during said immersing step and said removing step.



19. A method' according to.claiml, wherein a said cleaning step is
initiated with said drying conposition in aliquid state, and after a
peri od ofwoima®e@aé d conposition is diluted with pure |i qeca/uSCo&sgl t hen
heated to produce a supercritical fluid, after which said supercritical
fluid is renoved while maintaining the' 15 tenperature of the fluid and
gas above-the critical tenperature of coz: 3%0. A nmethod accor di ng to claim
1, wherein said cleaning conprises renoval of water from said device. 20
21. A nmethod of renobving water froma resist-coated substrate, conprising

the steps of: providi a substrat.e havi.n resi st coati formed.on a
surface portion t r’@%f fneﬁ’ﬁa WS Wa‘fl@?“ ?n]v %@FI&?“} é@?s‘»‘ﬁlg I poygprises a
provi di ng a dengkdddasios ailRgmedi oxi de drying conposition, said drying 25

conposition conprising carbon dioxide and a drying adjunhct, said drying
adj unct selected fromthe group consisting of cosolvents, surfactants, and

conbi natians thergof i s{ ng sai d surface,.portion in sai.d densified
arbon di o de. dryigrh GpES erosnaing & Felh 240 sl e S SRRRIGS
conposition Lp(qgamsla& ghataiaf ace portion; and wherein said drying conposition

i s mai ntained as a honobgeneous conposition during said i mersing step and
said renoving step. WO 02/066176 PCT/ US02/ 04398 -34 22. The net hod

di o clai . - . AN .
Subetrate. 5 23 The Tt RERSLAGRE B Ot LRSI RRERI s RERATE G
conprises’ a  gohy seisiting®RY odifive-aciihg rddids ol hupdtiacaaindiregsts.o cl ai m 21,

wherein said resist is selected fromthe group consisting of
positive-atting resists and negative-acting resists. 10 25. The net hod

according to clai 1, i id: resist:.lsia ; i .1 The
met hodI agcor di ngI %gcngyﬁg@?@ﬁgrg}nﬁe@ﬁ ni:grl bgﬁ@%lﬁrg)%@ggefdgt :%%ﬁ%&ﬁed
resist. ' .

26. The method according to claim 21, wherein said carbon dioxide is liquid

15  carbon dioxide.

27. The method according to claim 21, wherein said carbon dioxide is

supercritical carbon dioxide.

20 28. The method according to claim 21, wherein said drying adjunct comprises

a co-solvent.

29. The method according to claim 28, wherein said co-solvent comprises an
alkane, an alcohol, or a combination thereof.
25
30. The method according to claim 21; wherein said drying adjunct comprises

a surfactant.

31. The method according to claim 30, wherein said surfactant contains a

30  COq-philic group.



15 carbon di oxide. 27. The nethod according to claim 21, wherein said
carbon dioxide is supercritical carbon dioxide. 20 28. The net hod

accor di ngwoeebarén 21, wherein said drying adjunct conpri PET/USA2/EB39%0| vent .
29. The nethod according to claim28, wherein said co-solvent conprises an
al kane, an al cohol, or a conbination thereof. 25 30. The nethod accordi ng
to claim2l, wherein said drying adjunct <¥nprises a surfactant. 31. The
met hod according to claim30, wherein said surfactant contains a. 30

Q02-philic group. 390 GREGEEHEE aLEkaidR0R/ 1413980, wilerddR - saith SurfRtAo doas a6r di ng

to claim30, wherein said surfactant does not contain a CO02-philic group.
33. The net hc@ngeroFrihilicogeradi m 21, wherein said providing step is
carried 5 out by mxing said carbon dioxide with said adjunct to produce a
honbgeneous solution. 34. The nethod according to claim 33, wherein 'said
i mrersing step is 33aMht egeth@biccoklihetoeihint 31 Nivhgeidadalll phioyldig stoprppocirtiedn as
a honogeneous sqlution. 10 35, The nethqd according to claim 33, wherein
sai d renovi n@u%thypmiking Saiq egrbory dioxjgg W@ﬂlnﬁmtaéatmcggo PEOGICE 13, hpggogeneous
conposition qﬁhgkﬁpnngeneous solution. 36. The method according to claim
31, wherein sai rying conpositionis a 15 |liquid drying conpositijon,
wherein said i mersing and renoving steps are carried out in an enclosed

chanber, and wherej n_said renmoving step.is.carried oyt b ressurizin
sai d encl osed chamfe m%h%@ée OFaiFed ddregae S%‘a l@ﬁyeéﬁ%ﬁ?l’é%‘fmil% ent

to inhibit . baylvnhg rﬁntéigﬁx% Qf&ég?%g%%@géﬁigh%‘a héfhosdneotSoliiid10d accor di ng

to claim 36, wherein sald secon gas Is “selected fromthe group
consistin§ of helium nitrogen, and air. 38. A nethod according to claim

36, wherein a sec03r§c.i T%g %)étﬁos gc%ogﬁr?g to claim 33, wherein said removing step is carried

out while maintaining said drying composition as a homogeneous solution.

36. The method according to claim 31, wherein said drying composition is a

15 liquid drying composition, wherein said immersing and removing steps are carried out
in an enclosed chamber, and whereiﬁ said removing step is carried out by pressurizing

said enclosed chamber with a second compressed gas by an amount sufficient to

inhibit boiling of said drying composition.

20 37. The method according to claim 36, wherein said second compressed gas is

selected from the group consisting of helium, nitrogen, and air.

38. A method according to claim 36, wherein a second compressed gas
having a lower heat of compression than CO, is used during said draining step to
25  displace liquid and gaseous CO,, leaving a majority of the secondary gas in the vapor

phaée and serving to prevent thermal shock upon subsequent venting thereof.

39. The method according to claim 21, wherein said drying composition is a

supercritical drying composition, wherein said immersing and removing steps are

30  carried out in an enclosed chamber, and wherein said removing step is carried out by
adding a second material to said supercritical drying composition so that it is

converted to a liquid drying composition.



having a | ower heat of conpression than CO2 is used during said draining
step to 25 displace liquid and gaseous C02, leaving a nmgjority of the
secondar ywQag/06417¢ he vapor phase and serving to prevent Prherusat/oshock upon
subsequent venting thereof. 39. The nethod according to claim 21, wherein
said drying conposition is a supercritical drying conmposition, wherein
said i mersing and renoving steps are 30-8arried out in an encl osed
chanber, and wherein said renmoving step is carried out by adding a second
material to said supercritical drying conposition so that it is converted
to a liquid drying conposition. WD 02/066176 PCT/ US02/ 04398 -36,40. .The
met hod accordi ng t49- dihsimsthad acqReting fo slaim 21 eBHeRgSad EBneWEng HeR 1emght by

diluting sai dghyifigyGOURFSLARLMN A LiRlnaf BkbONat e de. 5 41 A

met hod according"to C I'n a sal ying step is initiated with
said drying conmposition in a liquid state, and after a period of tine said

conpositiaon is diluted with pure_liquid, G2, then heat to produce.a
supercriticcal flutld,A aeethed agcording 4¢ glapm flg ngrql%mgﬁgqygqﬁ#més grgAter
chanber whi | g, 7Rl [BTalB 45 rat f Lgad,d gasr akev&id he
critical tenperafﬁ%gdgéﬂgfﬁgﬂﬁghggHﬁA?#gﬁﬁ%g&gégﬁgd?%g ? cPain121, wher e
sai d dryi ng sdomgpoisitionrisaitiaed with purcbyet dpOsg ihersheped traprodnesos gopeatrgical

L T HEAT T R
m croel ect r one t&eNdr&ifire of SRERIHNE Fat B0V 1EP& RG] REDétMBGEEBUDST T at e

havi ng a surface portion to be cleaned, 20 providing a densified carbon
di oxi de clleani ng conposition, said cleaning conposition conprising carbon

di oxi de. and a cl eapin djunct,..saj d,cl eani adj. . | @ r t he
group consisting o é%g‘l?l Hrfcsording a%?‘gh?g,vr‘hgeﬁ%ls%g %lﬂgfé]%g r{g’%t% ?1Jeerd gf’g’f%
| mrer si ng sai gkveldphRGE step fthdt Afcdrordeds hqdensi ddvedpedrananié eatdien ahe satherg

25 conposition; and then renoving said cleaning conposition from said
sur f-ace porti@wamber used to in the drying step.

15 -
43, A method of cleaning contaminants from a microelectronic device,
comprising the steps of:
providing a substrate having a surface portion to be cleaned,
20 providing a densified carbon dioxide cleaning composition, said cleaning

composition comprising carbon dioxide and a cleaning adjunct, said cleaning adjunct
. selected from' the group consisting of cosolvents, surfactants, and combinations
thereof; '
immersing said surface portion in said densified carbon dioxide cleaning
25  composition; and then
removing said cleaning composition from said surface portion;
and while cyclically modulating the phase of said cleaning composition during

at least a portion of said immersing step.

30 44. The method according to claim 43, wherein said densified carbon dioxide

cleaning composition is a supercritical fluid, and said inhibiting step is carried out by:



and while cyclically nodul ating the phase of said cl eaning conposition
during at |least a portion of said imrersing step. 30 44. The net hod

accor di ngwomob@aren 43, wherein said densified carbon di oxipde/uset/esns ng
conposition is a supercritical fluid, and said inhibiting step is carried
out by: WD 02/066176 PCT/US02/04398 -37 introducing a clean secondary gas
into said supercritical fluid cleaning cedpesition; and renoving said
supercritical fluid fromsaid surface portion under pressure from said

secondary gas. 5 4mtroliiéng®s [ifhnaceondtriggdsOitd adafd 4dperdfieeapi fluid atléaning
densified carbon dioxide,  cleaning conposition is a supercritical fluid,
and sai d i nhi 88pesgiof apd i s carried out by: introducing clean heated

supercritical CQ2 j -saidss T id- i . i Lion... and
10 Tomovi ng sai d shaSKa FhdoiBFealibh 3 doll fig Sedal! Au6PTRES bleate
pressure frofrosedat eeaidaey gagpercriti cal CO2. 46. The met hod according to
claim 43, erein said densified carbon di oxide cleani-ng conpositionis a

liquid, antd said inhibiting step is carried out by: 15 introducing a cl ean

secondary gas intossapyd rhétﬂUJ'tl Qcc%'rﬁﬁg 56‘ Qlaﬁ? %%&&&%ai@@&giﬁeﬁr&%oﬁgdiéﬁh
liquid cleaning conposition fromsard-surface portion under pressure from
sai d secondar glegrasg catidpositivm isrishpsicrattabldidnand idinhitiintB3stepwiseneied osabyt

densified carbon dioxi.de 2Q cleanjing conpositi i.s, a l.iquid, and I.
"o bi £ ng st ep i SUERANEG Jpn ael apScHy Giedrionstil s iel TR
supercritical cjciX¥n BiApSidich; sppercritical fluid cleaning conposition; and
renmoving said liquid c?eaning conposition fromsaid surface portion under

pressure ft om sai drevewing sgjdssupercatipad r uiil t from| sa@OBurfa® A@tioThmdere pressiire
" qui d and §sha S naaibaaRiet FRuSSre, and sard removing step is -
carried out by draining said liquid.with vapor side comunication between
sald 46. The method according to claim 43, wherein said densified carbon dioxide
cleaning composition is a liquid, and said inhibiting step is carried out by: -
15 introducing a clean secondary gas into said liquid cleaning composition; and
removing said liquid cleaning composition from said surface portion under

pressure from said secondary gas.

47. The method according to claim 43, wherein said densified carbon dioxide
20  cleaning composition is a liquid, and said inhibiting step is carried out by:
introducing clean heated gas or supercritical CO, into said supercritical fluid
cleaning composition; and
removing said liquid cleaning composition from said surface portion under
pressure from said heated gas or supercritical CO».
25 |
48. The method according to claim 43, wherein said densified cleaning
composition is a liquid and is at saturated vapor pressure, and said removing step is
carried out by draining said liquid.with vapor side communication betweén said
cleaning chamber and a receiving vessel.
30

49. The method according to claim 43, further comprising:



cl eani ng chanber and a receiving vessel. 30 49. The nethod according to
claim43, further conprising: WO 02/066176 PCT/US02/ 04398 -38 nmai ntai ni ng
sai d cl eawDrg/oe@amposi ti on as a honbgeneous conposition duPCE@Sozo43beast one
of said imersing step and said renoving step. 50. The nethod according to
claim 43, wherein said mcroelectronic device 5 conprises a

m cr oel ect ronechani cal device. 51. The net$®d according to cl aim43,
wherein said mcroel ectronic device conprises an optoel ectronic device. 10

52. The nethod accgsigtaibng eaielc@éaﬁinfg%mga%% Ris 9&Hoth JBLAERE | BRMbbSRbE digyd Ce
conprises a resist-coated substrate. 53. The nethod according to claim 43,

wher ei n sai d & dgdsoonediferiddmmniessing siop and said caohovding Hom di oxi de. 15 54. The
nmet hod according to claim43, wherein said cleaning adjunct conprises a
co-sol vent. 55. The nethod according to claim43, wherein said cleaning

adj unct 20 conprisesTia Sbthb@et&Ming6-claiResIBhhaeinatiDhiérbdedtfonid abvitd 3,
wherein said providing step is carrired out by mxing said carbon dioxide

wi th sai d Sadj tomarisena prerdeleeiramdsbapigdiiesigs. sol uti on. 25 57. The net hod
according to claim43, wherein said cleaning conmpositionis a liquid
cl eani ng conposition, wherein said i nmersing and renoving steps are -carried

out in an encl osedsic hThEd edethclNsbcviiigigcionclain d3) @RBEInNGi S hfgrotlBctedi¢ dedcout
by pressurizing said enclosed chanber with a second conpressed gas by an
amount 30 sufomiREisehan epfoelagiramie deyasa i ng of sai d dryi ng composition. WO
02/ 066176 PCT/ US02/ 04398 -39 58. The nethod according to claim43, wherein
said cleaning conposition is a : .

10 52. The method according to claim 43, wherein said microelectronic device

comprises a resist-coated substrate.

~ 53. The method according to claim 43, wherein said carbon dioxide is
. supercritical carbon dioxide.
15
54. The method éccording to claim 43, wherein said cleaning adjunct

comprises a co-solvent.

© 55. The method according to claim 43, wherein said cleaning adjunct

20  comprises a surfactant.

56. The method according to claim 43, wherein said providing step is carried
out by mixing said carbon dioxide with said adjunct to produce a homogeneous
solution. |

25

57. The method according to claim 43, wherein said cleaning composition is a
liquid cleaning composition, wherein said immersing and removing steps are carried
out in an enclésed chamber, and wherein said removing step is carried out by
pressurizing said enclosed chamber with a second compressed gas by an amount

30 sufficient to inhibit boiling of said drying composition.



supercritical cleaning conposition, wherein said i mersing and renovi ng
steps are carried out in an enclosed chanber, and wherein said renoving
step i s caoremeelout by adding a second nmaterial to said aparseri43pgal

cl eaning conposition so that it is 5 converted to a liquid C eaning
conposition. 59. The nethod according to claim43, wherein said renoving
step is carried out by diluting said cleaB®ng conposition with additional
carbon di oxide. 10 60. A nethod according to claim43, wherein a said
cleaning step is i tImetedhod\bdcbrding & daivi 43 vaRFAShid Déhning @nipositibel is4 at e,
and after a period of tinme said conposition is diluted with pure liquid
CO2 and then W@skcaicalelpaning eempossiigye veherdip sald inppersing anfltiemoRRE DS A%

supercriti cal A d s i i i.Qi t r. e
G d and gas il 8ot eh SERESE Mt TR R QR oy TR bR Bl b
accordi ng t o sddigradstcomh @fistdrinl tai shid lsepareriticat aiganingesompasitivnako dfiatviatier
fromsaid device. 20 62, A nethod of cleaning contam nants froma

mi croel ectY onfRVEERH 0 liquid glepnipg ForgPresiast eps of : providing a substrate
havi ng a surface portion to be cleaned, providing a densified carbon

di oxi de cl eani ng conposition, said cleaning 25 conposition conprising
carbon -di oxi de, w&.éfheanethad wadoeding b vlhire 46| ehnieirysad remating stepmecaiiadg

said surface portion.in said densified.carbon di.oxide . cleaning

conposi tion; FHPYiHEHDE %ﬁ%&\?ﬂﬁ@lngéP’a‘p%@%?‘ﬂg aég‘ﬁ‘ﬁﬁ%lic?{}%%‘ ?%%'sai d surface
portion 30 63. The nethod according to claim62, wherein said densified
carbon di oxi de cleaning conposition is a supercritical fluid, and said

i nhibitind step i s6@&ak megitbdoagcotsling 1021 85.64WIGIRCTs4US0RADAZ OB 1s fftiated

L1001 10 220, SEERIat 885! AL 8 SRS BUPSH BT Ll Fhgiteee
portion undercqhgsfionds dilaRiwif firs B§@AE0YarkidBen Beated to produce a supercritical
‘ fluid, after which said supercritical fluid is removed while maintaining the
temperature of the fluid and gas above the critical temperature of CO,.
15
61. A method according to claim 43, wherein said cleaning comprises

removal of water from said device.

20
62. A method of cleaning contaminants from a microelectronic device,
comprising the steps of:
providing a substrate having a surface portion to be cleaned,
providing a densified carbon dioxide cleaning composition, said cleaning
25  composition comprising carbon dioxide, water and a water-soluble cleaning adjunct,
immersing said surface portion in said densified carbon dioxide cléaning
composition; and then

removing said cleaning composition from said surface portion

30 63. The method according to claim 62, wherein said densified carbon dioxide

cleaning composition is a supercritical fluid, and said inhibiting step is carried out by:



64. The nmethod according to claim62, wherein said densified carbon dioxide
cl eaning conposition is a supercritical fluid, and said inhibiting step is
carried owDobge6176 nt r oduci ng- cl ean heated supercritical @OCR/USnY/o433%i d
supercritical fluid cleaning conposition; and 10 renoving said
supercritical fluid fromsaid surface portion under pressure fromsaid
heat ed supercritical CQ2. 65. The nethod a%%ordlng to claim62, wherein
sai d densified carbon dioxide cleaning conposition is a I|qU|d and said
i nhibi'ting step i singadudiegi 2ogtcabysecomlarntgasdintt rigida supesenitiost rid aslganing
into said Ilqgl glean@ﬁg conposition; and renoving said |iquid cleaning
conposition f face portion under pressure fromsaid secondary
gas. 66. The rret ho@ne &R sHid Gub&chlic M froMeaRl Burfit hateds vhil@dpessuon
di oxide 20 cleaning conposition is a liquid, and said inhibiting step is
carried out b@mﬁﬁw@ﬁﬁﬁﬂﬁhﬁ@¥@lean heated gas or supercritical CO2 into said
supercriti§a1 fluid cleaning conposition; and renoving said liquid

cl eani ng conposition fromsaid surface porti-on under pressure fromsaid
heat ed gas or supe4ITheimigthod&¥tordihg €/ claihin 62 n@héteﬁh ﬁﬁb@a‘rﬂifm@ catbon| did:iid 2,
wherein said densified cleaning conposition is, a uid - and is, at

sat urat ed vapdfapREeMPosition s a sepeactiiabilidgans st linélb fierig cagiedioyt by:
draining said liq V, r a n t n ng
chanber and a recg#@]ﬁ%ﬁg%éggﬁ.h§%g§8. gﬂ%ﬁ#ﬁ%%%? é@%o?ﬁ?naﬁggggcgi?ﬁgi
further conprcé¢lsanigg cdf@c&ﬁidﬁﬁﬁﬂdm PCT/ US02/ 04398 -41 nmi nt ai n| ng said

cl eani ng orrposi tion as a honogeneq sitip ring .at ast one of
said i met%ing st efFMAYHS s SHQ?FBW‘?% fi‘{‘gp;f? r%sfald?'ﬁ‘é# 0%(98 ‘?rdPIi‘?ésuf%
claim 62, mheﬁ&h@dg%é*e %éé%ﬂﬁ&ﬂtﬁglc device 5 conprlses a

m cr oel ect r omechani cal I ce he met hod according to claim62,

wherein said mcroel ectronic device conprises an optoelectronic deV| ce.

65. The method according to claim 62, wherein said densified carbon dioxide
cleaning composition is a liquid, and said inhibiting step is carried out by:
15 introdu&ing a clean secondary gas into said liquid cleaning composition; and
removing said liquid cleaning composition from said surface portion under

pressure from said secondary gas.

66. The method according to claim 62, wherein said densified carbon dioxide
20  cleaning composition is a liquid, and said inhibiting step is carried out by:
introducing clean heated gas or supercritical CO; into said supercritical fluid
cleaning composition; and
removing said liquid cleaning composition from said surface portion under
pressure from said heated gas or supercritical COZ._
25
67. The method according to claim 62, wherein said densified cleaning
compésition is a liquid and is at saturated vapor pressure; and said removing step is
carried out by draining said liquid.with vapor side communication between said
cleaning chamber and a receiving vessel.

30
68. The method according to claim 62, further comprising:



10 71. The nethod according to claim62, wherein said m croelectronic
device conprises a resist-coated substrate. 72. The nethod according to

cl ai m 62, watweweiiné sai d carbon dioxide is supercritical cacharsoriosss de. 15
73. The met hod according to claim62, wherein said cleaning adjunct
conprises an acid. 74. The nethod according to claim62, wherein said

cl eani ng adjunct 20 conprises a base. 75:-4TThe nethod according to claim
62, wherein said providing step is carried out by m xing said carbon

di oxide with said agintighg 58d RIQEHERPISHTE 28 @ AbtnogeRbdts icBMpodfor Buridde
met hod according to claim 62, wherein said cleaning conposition is a

i quid cl eani #deasbersoafistiddmmensing sten andpaid remesing stgp.and renovi ng steps are
carried out in an enclosed chanmber, and wherein said renoving step is
carried out by pressurizing said enclosed chanber with a second conpressed
gas by an anmount &0 B thethbeéRktcedr@ingBiditn BB WhedeinOdaid aictoglesttdiic device
conmposi tiaon. WO 02/066176 PCT/USQ2/04398 - 42 77. The nmethod according to
cl ai m 62, MwhefoBimisens rigpelasirompechanipdsievicen is a supercritical cleaning
conposition, wherein said inmersing and renoving steps are carried out in
an encl osed chanber, and wherein said renoving step is carried out by

addi ng a second nefer Tht methatloacdorligetoCtlhin 62) whtreiniaid niaoplestdni®deviee t hat
it is 5 converted to a liquid,cleaning conposition. 78. The net hod
accor di ng t o OIS ORPFPEIWIGEEVECS enovi ng step is carried out by
diluting said cleaning conposition with additional carbon dioxide. 10 79. A
met hod according to claim62, wherein a said cleaning step is initiated
with sai d0dryi ng clnp®he nietod avcardingytol daisd 82 ewhanth sid ericraclpetrinid deficd i me
said conposition.is diluted '&p ure liquid CO2 and then heated to
produce a sup@rUFIses 3 LRSISUEals ?1§?§§T whi ch said supercritical fluidis
renoved while maintaining the tenperature of the fluid and gas above the

critical tenperature of CQ2. :
\ 72. 'The method according to claim 62, wherein said carbon dioxide is

supercritical carbon dioxide.
15
73. The method according to claim 62, wherein said cleaning adjunct

comprises an acid.

74. The method according to claim 62, wherein said cleaning adjunct

20  comprises a base.

‘ 75. The method according to claim 62, wherein said providing step is carried
out by mixing said carbon dioxide with said adjunct to produce a homogeneous
. solution.
25

76. The method according to claim 62, wherein said cleaning composition is a

liquid cleaning composition, wherein said immersing and removing steps are carried

out in an enclosed chamber, and wherein said removing step is carried out by
pressurizing said enclosed chamber with a second compressed gas by an amount

30 sufficient to inhibit boiling of said drying composition.



15 80. A nethod according to claim®62, wherein said cleaning conprises
renmoval of water from said device. 81. The nethod according to claim®62,
wher ei n swDd20ei1D6/i Ng step is carried 20 out while inhibipCrragoz/edeposi ti on
of contam nants on said surface portion. 82. A nethod of renoving solid
particul ate contam nants froma 25 mcroelectronic device, conprising the
steps of: providing a substrate -having a s#2face portion to be cl eaned of
solid particulates therefrom providing a densified carbon dioxide

cl eani ng conposi t i 7N, The ahélhed &abiding toCdaROs], vitereia eaificleahing coipbsition isoxi de
and a cl eaning adjunct, said cleaning adjunct 30 selected fromthe group
consi sting of SUPEEHIGH rleaning ¢qRRAsHifns WheFdn SeifMARArsIBg and rpBpwse stapp are

02/ 066176 PCT, - ' j jo 0l S UL j LOSAl

densi 1 ed car Eo iy Gun 28 opriaskd (BB A SAloiR W60 AL LieBle bR ot by
remove at | easlding pogecomh noferiwhitd sl isdpeparitidat vleahmg cdmmpositiomi sb shat fiade
portion; d then renoving said cleaning conposition fromsaid surface
portion. %g g2Pnvetfied e ioydd eRuRGIFAEPAH A ai m 82, wherein said densified
carbon di oxi de cleaning conposition is a supercritical fluid, and said
inhibiting step is carried out by: introducing a clean secondary gas into
sai d supercriti cal7§.|Thednethedaccogling torvplash o2 pwheraindsald raneowing stgp ssacatried

supercritical fluid from.sajd .surface.portion . under, pressure, from said
secondary gas(?uté’x.dl_’flﬂag_F@?ﬁf&ama%&%ma?% o Wltglagﬁlﬁﬂf’%"’zl,cg’(mg %% ai d densi fi ed
carbon dioxide cleaning conposition is a supercritical fluid, and said"
inhibiting step is carried out by: 15 introducing clean heated
supercritifcal CO2 Thth metiaf aapuing fot ¢laial 62, wheteingl seéthtlegping sigpgs tiivaied and

removing Sa1 4 SHRGHE Uhlhg Hoplab it oM PRk B " AG°RY L ol GREVT
composition is diluted with pure liquid CO, and then heated to produce a supercritical
fluid, after which said supercritical fluid is removed while maintaining the
temperature of the fluid and gas above the critical temperature of CO,.
15
| 80. A method according to claim 62, wherein said cleaning comprises removal

of water from said device.

81. The method according to claim 62, wherein said removing step is carried

20  out while inhibiting redeposition of contaminants on said surface portion.

82. A method of removing solid particulate contaminants from a
25  microelectronic device, comprising the steps of:
providing a substrate having a surface portion to be cleaned of solid
pafticulates therefrom,
providing a densified carbon dioxide cleaning composition, said cleaning
composition comprising carbon dioxide and a cleaning adjunct, said cleaning adjunct
30  selected from the group consisting of cosolvents, surfactants, and combinations
thereof;



20 85. The method according to claim82, wherein said densified carbon

di oxi de cleaning conposition is a liquid, and said inhibiting step is
carried owDobgesirét roduci ng a cl ean secondary gas into saiPdTIUSqui49g! eani ng
conposition; and renoving said |iquid cleaning conposition from said
surface portion under pressure fromsaid secondary gas. 25 86. The net hod
according to claim 82, wherein said densif#®d carbon di oxide cleaning
conposition is a liquid, and said inhibiting step is carried out by:

i ntroducing cl ean iagaéreiflogasd QurfadepBoibht inCedid WeBsified aasiind didjder cearing al
fluid cleaning conp05|t|on and 30 renoving said |iquid cleanjng

conposi tion fERROSHIOR fe1p Hmesubiient onramrie2 eﬁﬁ"e%E‘P}'P@nPfé%i§‘é1ﬂjP%‘&tl%tﬁs gas

or supercriti CT/ US02/ 04398 -44 87. The net hod
according to %ﬁ&i%§%¥ﬂ¥§%§%é&% saﬁgfden5|f|ed cl eaning conposition- is a
liquid and is at s@meovaigedidva@@ingca@ssositon feom sddisdrfacepovtiorg step i s

carried ogi by draining said liquid.wth vapor side conmuni cation between
said cleahing chanber and a receiving vessel. 5 88: The method accordi ng

to claim82, furthey ﬂerrgéthéa Q%raﬁg'&; ailfth R, geﬁﬂwmmwmn dib:Q8e as a

honmogeneous conposition during at Teast one’ of said inmrersing step and
sai d renovi ngclsdnimg co]rﬂp@ﬁion‘likle suetrérititabfieidy atidgid imhibitingst@§Pis cmd@uhbﬁal d

m croel ectroni c deyi c& gr ses a croel ect rome hani ¢ ﬁ 33 I 90. The
met hod accordi ng t BUCFUGIRG & CleaReS%PR a§¥u %ﬁsm‘rE?O?@F SPPYfitec eﬂﬁugec canmg

conprises an &ﬂ%&ghﬁ%ﬁ&ﬂplc device. 15 91. The nmethod according to claim
82, wherei.n said mcroel ectronic device conprises a resist-coated

subst r at el0 92 Therenvingd said cupeticritical oflwifl afrom 8Rid wkidacsi porsian dinden brsasure
dioxide is rcritical carbon dioxide. 93. The nethod according to
cl ai m 82, whe @Pﬁ%@ qgﬁ%ﬁﬁng adj unct

84. The method according to claim 82, wherein said densified carbon dioxide
cleaning composition is a supercritical fluid, and said inhibiting step is carried out by:
15 introducing clean heated supercritical CO; into said supercritical fluid
cleaning composition; and ‘
removing said'supercritical fluid from said surface portion under pressure

_from said heated supercritical CO,.

20 85. The method according to claim 82, wherein said densified carbon dioxide
cleamng composition is a liquid, and said 1nh1b1t1ng step is carried out by:
introducing a clean secondary gas into said liquid cleaning composition; and
removing said liquid cleaning composition from said surface portion under

pressure from said secondary gas.

25
86. The method according to claim 82, wherein said densified carbon dioxide
cleaning composition is a liquid, and said inhibiting step is carried out by:
introducing clean heated gas or supercritical CO; into said supercritical fluid
cleaning composition; and
30 removing said liquid cleaning composition from said surface portion under

pressure from said heated gas or supercritical CO».



conprises a co-solvent. 25 94. The net hod according to claim82, wherein
said cleaning adjunct conprises a surfactant. 95. The nethod according to
cl ai m 82, watweeiiné sai d providing step is carried out by mCriusgzeapsl car bon
di oxide with said adjunct to produce a honbgeneous 30 solution. WO

02/ 066176 PCT/ US02/ 04398 -45 96. The nethod according to claim82, wherein
said cleaning conposition is a |iquid cle#dhing conposition, wherein said

i mrersing and renoving steps are carried out in an enclosed chanber, and
wherein said renpvdng FeehettodCadchidab @dltcldish SPI SmStin Zhidgdé&mifiédesledmsed
chanmber with a second conpressed gas by an amount. 5 sufficient to inhibit
boi | i ng of safRsiioRgs adigyistprd israt setpratath sapes thiRsgUTEc st BRI geraQving Siemis2,
wherein sai d &4eano001GOMRAMN AR fidufwin YRS Fdd b6l EAR) Wiween said
conposi tion, erern said mrersi ng And e Vi ng steps are carrlea\ou in
an encl osed cdieaniey chagider sl ficeivig wsdenOVIi Ng step is carried out by 10
adding a second material to said supercritical cleaning conposition so that
it is converted to a | i quid cleaning conposition. 98: The nethod according
to claim82, whereg i J -1 SpAC i it hy diluting said

cl eani ng conpositﬁgﬂTa?kﬁﬂg§§?¥hgggﬁ£§g%%§%’g#%%? %?ﬁq%mgg. A net hod
accordi ng to cl ai m&iatainihg sat releansdi dnglosition g aoeogesedusicompbsiton dititp sai d
drying corrposiﬁion inaliquid state, and after, a period of tine said
composi ti on % Iehst QReRf saidiimmysing ptep andisdpeaedng Heh heated to produce a
supercritical fluid, after which said supercritical fluid is renoved while
mai ntaining the 20 tenperature 'of the fluid and gas above the critical

t enper at ulle of CO289. I0@. megthne tahomtding do rading 82,owkdrainnsa8P migvoelegianis dedee

cl eani ng conprises renoval of ter fromsaid device. 25 101. A nethod
accor di ng tC)%9%@%?%@Fnﬂﬂgfﬂﬁﬁnégﬁﬂﬂﬂéhﬁ§?ng step is carried out while

i nhibiting redeposition of contam nants on said surface portion. 30 102. A

met hod of cl eaning contaminants froma microelectronic device, conprising
the steps of: 90. The method according to claim 82, wherein said microelectronic device

comprises an optoelectronic device.
15
91. The method according to claim 82, wherein said microelectronic device

comprises a resist-coated substrate.

92. The method according to claim 82, wherein said carbon dioxide is

20  supercritical carbon dioxide.

93. The method according to claim 82, wherein said cleaning adjunct

comprises a co-solvent.

25 94. The method according to claim 82, wherein said cleaning adjunct

comprises a surfactant.

95. The method according to claim 82, wherein said providing step is carried
out by mixing said carbon dioxide with said adjunct to produce a homogeneous

30  solution.



provi ding a substrate having a surface portion to be cleaned, WO 02/ 066176
PCT/ US02/ 04398 -46 providing a densified carbon dioxide cleaning

conposi t iw0,0296d18 cl eani ng conposition conpri sing car bonPdirasodessshd a

cl eani ng adjunct, said cleaning adjunct selected fromthe group consisting
of cosolvents, surfactants, and conbinations thereof; 5 imersing said

surface portion in said densified carbon dfoxi de cl eaning conposition; and

then renoving said cleaning conposition fromsaid surface portion;, while
i nhi biting redepos?4.i e wethedaccondingin dammS%,am@br@msmé@éeapmqomposulgn 193,

h hod Wh d d f d
el can ng. compiiant FoAnbE @aghit iR Ed R SRR SR RS e S

carried out & in 8 repelesdd ghanbdreand SHeRsidagyd Gamoving Ost&Riigl catHear Guti by cal
fluid cleaning conposition; and 15 renovi ng said supercrl ti cal fluid from

said surface Emswlélﬁgmmbﬁn@@@ﬂs@lm@ber WGt 8 aegonse egRprgRspd ggas. byl 91 amyrat
nmet hod acgordéﬂﬁ EﬁtSuﬁhﬂﬂﬂsQﬁn ‘?hig’H?%a%anI%%H |f| ed carbon di oxi de
IC ,

cl eani ng conp oSt Eron s a supe cr| and said inhibiti ng step is
carried 20 out by: introducing clean heated supercritical CQ2 into said

supercritical fluid cleanin sition; .and renovi gzgq sai d supercritical
fluid fromsaid suftdde h‘? @ﬁ‘io{ﬁ%p Prigs 8 vehersip SRl Sepingsampgsition isa.

supercritical E}Q%m eal &%al}u tltjf&ld vitetdth ‘351'3%19@&%?'(?%}1 érQ gxrflic(;@es'iéﬁé ysai d

densified car n conposition’is a sal
i nhi biting stmma:dsomanraneﬂclwéd cmamber rind oehegdingaid reteving seapds darigd @asby nt o

said liqujd i ng c OSltl renDVI sald | i UId cl ea
conposi tlf(ﬂ"l ‘glh‘?gsél ?fc %&Pt%a&ﬂ SHPFﬂ%rﬂtlca GSEA, SOy 1%t is
secondary g ascon%&?lo%ﬁ%@ cBSrib /SORH OB

98. The method according to claim 82, wherein said removing step is carried
out by diluting said cleaning composition with additional carbon dioxide.
15 V
© 99, A method according to claim 82, wherein a said cleaning step is initiated
with said drying composition in a liquid state, and after a period of time said
composition“ is diluted with pure liquid CO; and then heated to produce a sui)ercritical
fluid, after which said supercritical fluid is removed while maintaining the

20  temperature of the fluid and gas above the critical temperature of CO;.

100. A method according to claim 82, wherein said cleaning c_:pmprises

“removal of water from said device.

25 101. A method according to claim 82, wherein said removing step is carried

out while inhibiting redeposition of contaminants on said surface portion.

30 102. A method of cleaning contaminants from a microelectronic device,
comprising the steps of:

providing a substrate having a surface portion to be cleaned,



-47 106. The nethod according to claim 102, wherein said densified carbon
di oxi de cl eaning conposition is a liquid, and said inhibiting step is
carried owD oR#66176 nt r oduci ng cl ean heated gas or supercri PCTAISOIEABI$ nt o
said supercritical fluid cleaning conposition; and 5 renoving said liquid
cl eani ng conposition fromsaid surface portion under pressure fromsaid
heat ed gas or supercritical CO2. 107. The- #t hod according to claim 102,
wherein said densified cleaning conpositionis aliquid and is at

sat urated vapor prmssiding, aadetsifiad dcartemo diongdes tleming cotposidioni eald oaleaniyyg
draining said |liquid.wth vapor si conmuni cati.on -. between, said .cleaning
Chanber Jand. STHBSIOR g PESCE CarbpE SToR AR FBER B8 AU ST AR g AE5S
further conprietdcRd: R ﬁﬁ@?ﬁu@gc&ﬁis‘ﬁng'ﬁa&ﬁgveﬁ%mﬁﬁhéthﬁﬂ, a8d RohBIREBAEOUS
conposition durin 15 at [east one of said imersing step and said

removi ng stedhmzag. The net hod according to claim102, wherein said

m cr oel ectyoni c device . co i ses a nm.croel ectroneghani gal device,. 20 110.
The met hod accordilﬁﬁn‘?rﬁmglsgﬁns‘i‘g S RRLPRi R %aéﬁﬁ ﬁﬁ@?‘gé’ﬁ%’g{’r 1mn((:ied‘:el?/ignclzn :
conpri ses an QpigeitRa! ithen devi ce. 111. The nethod according to claim 102,

wherein said mcroel ectronic device conprises a resist-coated substrate.
25 112. The met hodremovingdridgieaning eomposiien figne said furdage POEMHBHIIE oxi de i s

supercritical car -di oxide 113. et } | ai m 102,
wherein said cl ea%‘ﬁ’&l értﬁ rﬁ%%ﬁwjfég Oéy;r% | Sg@%ion%%fd?%&g@%&rﬁ% 02/ 066176
PCT/ US02/ 04398 -48 114. The net hod according to claim 102, wherein said

cl eani ng adjunct conprises a surfactant. 115. The_ nethod according to
cl ai m 10210 wher ei nl®ai Thepmethodi argording tp «claim d 42, whgregy saidy depsifiedgcaheny

carbon di oxi dg Wit Ialeaﬁiing c&%gﬂﬁ6n % ﬁ%@l@ﬂﬁgaleﬂui&lmgﬁﬁ%ﬂiﬁiﬁﬁg HébiiQQarried
out by: ‘ ' ' |
introducing a clean secondary gas into said supercritical fluid cleaning
composition; and .
15 removing said supercritical fluid from said surface portion under pressure

from said secondary gas.

104. The method according to claim 102, wherein said densified carbon
dioxide cleaning composition is a supercriﬁcal fluid, and said inhibiting step is carried
20  outby:
' ‘introducing clean heated supercritica] CO, into said supercritical fluid
cleaning composition; and \
remox-/ing said supercritical fluid from said surface portion under pressure
from said heated supercritical CO,.
25
105. The method according to claim 102, wherein said densified carbon
dioxide cleaning composition is a liquid, and said inhibiting step is carried out by:
introducing a clean secondary gas into said liquid cleaning composition; and
removing said liquid cleaning composition from said surface portion under

30 pressure from said secondary gas.



116. The nethod according to claim 102, wherein said cleaning conposition
is aliquid cleaning conposition, wherein said i mersing and renovi ng steps
are 10 cwprieecbiout i n an-encl osed chanber, and wherei n sacCa/usenesig step
is carried out by pressurizing said enclosed chanber with a second
conpressed gas by an anpbunt sufficient to inhibit boiling of said drying
conmposi tion. 117. The nmethod according to-%7ai m 102, wherein said cleaning
conposition is - 15 a supercritical cleaning conposition, wherein said

i mer si ng” and r enoMiénJhet mpthodr &conding itectlant 107 wheri sad edensHedbearborand

wherein said remgving .step is.carried out .,addj. second terial to
eai d_ Super or I9IPRRF CERHAS PREPERPLS EdIcBit: 88e bid finbitide o AP eLa £ o
l'iquid cleaning Cqﬁ@@@cmgoagarzﬂea%é@gasmes@eﬁcﬁaéale@@pﬁ% B&ldtBperetiféanbaR,
wherein said renoving step is carried out by diluting said cleaning

conposi ti on wil¢dnimgidntpiosiah; @@ bon di oxi de. 119. A net hod according to
claim 102,. wherein a sai d%a% gani ng ste

IS _ipiti.ated.with said dryi
conposition in a I'FRAVEHEs quigy, e%ﬁ”?grco%i‘pﬁ%{g?rbgmg* S?ﬁnﬁgﬁg | QOrtion under
conposi tion igredtinelt @ siidhBatBd b8 b Wb @ then heated to produce a
supercritical fluid, after which said supercritical fluid is renoved while

mai ntaining the tenperature of the fluid and gas above the criti-cal
t enper at ure of CO2] 12 A et hod accordi t | ai m.102. N B
cl eani ng conpri ses 0730%%%%?&18?00 Pt fc?ag?ﬁ goazlc’d’glll g%/]%cséi.d %h%ﬁ%d dgﬁhﬁ]g
composition is a liquid and is at saturated vapor pressure, and said removing step is
10 carried out by draining said liquid.with vapor side communication-between said

cleaning chamber and a receiving vessel.

108. The method according to claim 102, further comprising;
maintaining said cleaning composition as a homogeneous composition during

15  atleast one of said immersing step and said removing step.

109. The method according to claim 102, wherein said microelectronic device

comprises a microelectromechanical device.

20 110. The method according to claim 102, wherein said microelectronic device

comprises an optoelectronic device.

111. The method according to claim 102, wherein said microelectronic device
comprises a resist-coated substrate.
25
112. The method according to claim 102, wherein said carbon dioxide is

supercritical carbon dioxide.

113. The method according to claim 102, wherein said cleaning adjunct

30  comprises a co-solvent.
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114. The method according to claim 102, wherein said cleaning adjunct

comprises a surfactant.

115. The method according to claim 102, wherein said providing step is
carried out by mixing said carbon dioxide with said édjunct to produce a

homogeneous solution.

116. The method according to claim 102, wherein said cleaning composition
is a liquid cleaning composition, wherein said immersing and removing steps are
carried out in an-enclosed chamber, and wherein said removing step is carried out by
pressurizing said enclosed chamber with a second compressed gas by an amount

sufficient to inhibit boiling of said drying composition.

117. The method according to claim 102, wherein said cleaning composition is
a supercritical cleaning composition, wherein said immersing and removing steps are
carried out in an enclosed chamber, and wherein said removing step is carried out by
adding a second material to said supercritical cleaning composition so that it is

converted to a liquid cleaning composition.

118. The method according to -claim 102, wherein said removing step is

carried out by diluting said cleaning composition with additional carbon dioxide.

119. A method according to claim 102, wherein a said cleaning step is
initiated with said drying composition in a liquid state, and after a period of time said
composition is diluted with pure liquid CO; and then heated to produce a supercritical
fluid, after which -said supercritical fluid is removed while maintaining the

temperature of the fluid and gas above the critical temperature of CO,.

120. - A method according to claim 102, wherein said cleaning compriées

removal of water from said device.



