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fluids. More specifically, the invention relates to
nmet hods of renoving polar fluids fromthe surface of
porous and non-porous materials present in

m croel ectroni c devi ces. BACKGROUND The devel opnent of
hi gh-density ultra large scale integrated (ULSI)
circuits with sub-m cron dinensions has led to the

need to r gﬁmqﬁm@ ' rface
of the wa gjrig‘gl%g I'n the pr%lgmgl\% t e?eecggvi ces.
Renoval beconeqJSppecs BIPBRARITICWTL FIUIDE case of

the trench in the trench capacitor, or the deep
contacts necessitated by the use of the stacked
capacitor in DRAMS or the use of the damascene process
in the production GHEEDEpeATHIEMNVENTHYYN There are four
types mat erj al st hat t. b empved; the first is
Uhe. T el AT SEPEr {ea e Rodsdt clefPnge Shrtha tth o
W8 ctificd] QulB. NMHRBELIfdANS, MR SiveRabRiifedlb hdtBS® of
materials i s photo-resist. The second type of

neewovagpokar duidsdiae thesurfeemetnareistasd nofperqusimaierialpe
of materials ar articles of filmthat are deposited
[ rPc,rFs(fgﬁ’tnafP1c§oe %C%fjﬁlé: &gglﬁgssi tion of the filmlayer. The

fourth type is water, which nay be adsorbed onto the
surface or in the pores_of the materials used to
construct the sem condu@ﬁ@ﬂi,G%QH%\g? ally for polyners

and pol yies. LRAMEN: SHRGUELNAEy uitkLAF AL Gk sHiel SURBNA
r req 2 hun d

silicon wate uires-sever red separate steps,
whiiednitg edirsab-nyi ctoalkiémensiwmsthas bed tnireended temmpivetiawakied

| arge porti th t ' A
e EERE (oS he PR e TR iy Degreelr T "
S egARE EREFno PRI AL H AR PUi fEkRr i MhZ Qe BB krehéh in the

remove any particles or inpurities that may have
f orerel caffdvgion optheckess eentagtenensesitateddyyrthowmyesa! the stacked

]t g%rp:a&ﬁtr Ié]g B&%ﬁ% T B2 ortxﬂlcehda}(r\%tsc?e&lé p%fegsr in%eo&%ﬁﬁétfbﬂ of
copper metallurgy. There are four types of materials that must be removed; the
first is the residuals left from a film, all or a portion of which is to be removed.
The most notable of these materials is photo-resist. The second type of materials
are incidental contaminates. The third type of materials are particles of film that
are deposited incidentally to the deposition of the film layer. The fourth type is
water, which may be adsorbed onto the surface or in the pores of the materials
used to construct the semiconductor, especially for polymers and polymer foams.

Producing integrated circuits on a silicon wafer requires several hundred
separate steps, which generally take a month or more to complete. A large
portion of these steps are cleaning steps. After many operations, the wafer is run
through either a sequence of acid solutions or dé—ionized water to remove any
particles or impurities that may have formed. These processes are one reason
wafer fabrication consumes so much water; wafer production facilities often

consume between two million and five million gallons per day. Water may be



consune between two mllion and five mllion gallons
per day. Water nmy beattached to the surface by
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ot her contami nants may be present. The m ni mum
di rre_nsi ons fromwhich water nust be renoved has
conti nued to decrease as the m nimum feature size has
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pro owever, since if the surface 1 s not
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f oaned Fol ynmers or inorganic materials with connecting
poFEHalothe t i me at tenperature necessary to remove the

unwant egn&RRIBALEE © rBRYvORatée i¥ml VPfcesieh Adiatdeaaeed
pol ymer may be damaged by high tenperatures. As an
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pol yneric substrates. Water, which is_the nost common
poPiaRIE B HeavRver thesp aiers garatly poselicBe ShTReRnS

a ' r Al S
B R R i
magcdvandd canrnsuadbr dissglvetand esgacfobpctionableagonaronemts st asr .
SUMVARY

OF THE | NVENTI ON The present | nt.i.on .
pr BRicHsstiEenat ot BV ean ﬁwaﬁsﬁ’sﬁ?ﬁ%&@%“ﬁtam ATBRYS Hihout
t hgdord it HORRGE MAHal RO FURS §ulbErfre Waiiowdarly for
solvation fluid conprising an oxygen-containing | .
or pelineric orptrates Waten veigheis he mpstaomppast polatrpgntaminant, 1s
' e%)éjr{igllﬂggy ta rﬁreoblem when adsorbed in porous insulator structures, as it tends
to increase the effective dielectric constant of the material, rendering it less

effective as an insulator.

SUMMARY OF THE INVENTION
The present invention provides a method of cleaning a surface of a
substrate that includes contacting the substrate with a solvation fluid comprising
an oxygen-containing organic compound in a supercritical state and returning the
oxygen-containing organic compound to a non-supercritical state to remove at
least a portion of a polar fluid present on the surface of the substrate.
Embodiments of the invention include various surfaces that may be

cleaned by the method. For example, the surface may be a porous material.
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subst.r.at e.. .Exbodifment s of the invention include

various surfaces that may be cl eaned by the nethod.

For exanple, the surface may be a porous
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pqhy&eﬁqlh&éé%rfomsd Pa%lea Tlmgtraehtyaﬁs profB@bRUbst rat e
itself is re erab a mcroel ectronic substrate

Prxefcecv%wnymctsnbstm aIfrefen iy thepelorluid yempeedrst the gnethpd is
r. In further enbodi nents of the nethod, the

oxyggn cont ai ni ng organi ¢ conpound nay be returned to
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i ncl ude drying the Surface of the substrate after
reﬂqﬂmﬂngdhﬂeﬂoﬂwbene@@h@h@nnmbedn@ahﬂbﬂ&@ﬁmuunuﬂmﬁbe
nons ercritical state and/or delivering sonic wave
gegf iio the substrate. The invention also provides a
met hod 8idigbeaARING IR Ube SiéfodGecltde & ying the surface of the
m croel ectronic substrate that includes contacting the
i §1bgEdte eftprgaiugnisg B axagen- oM ESEEAAE PORPTING tRl2 DRR
in 0 a
s usgi r%%fllﬁ q?é(é{@ﬁé} éé%@%ﬁ{é% on% 85&%@%8 RO rdel
oxygen- thmihaemidngdm gaiides @m@ﬁmdo@ cleanidg a porous surface of a
non- supercriti state to renove at |east a portion
of MEFTpRAPAOnEq Efraé? Eebichiges paEachinR &Fsmgcaﬁwﬂ%%@nawgﬁ@te
M GHRGl 6L GdTHRH RIS an Dk GEEL éﬁlta){mng to‘f“gamo compound ina
oxygencont ai ni ng organi ¢ conpound I ncl udes™ et
al speckiticastdy indtetohiok thorx yeehrgbntetnigy organic compound toa

non-supercritical state to remove at least a portion of a polar fluid present on the

porous surface of the microelectronic substrate. Preferably, the oxygen-
containing organic compound includes ethyl alcohol, methyl alcohol, or ethyl
ether.

The invention also provides a method of cleaning a surface of a substrate
that includes placing the substrate in contact with a stripping fluid, contacting the
substrate or stripping fluid with cleaning fluid in a supercritical state, returning
the cleaning fluid to a non-supercritical state to remove at least a portion of a
waste material present on the surface of the substrate, contacting the substrate
with a solvation fluid comprising an oxygen-containing organic compound in a

supercritical state, and returning the oxygen-containing organic compound to a



The invention also provides a nethod of cleaning a

surface of a substrate that includes placing the
wa@estizAs® in contact with a stripping fluid, PCT/US2006/013622

contacting the substrate or stripping fluid with

cleaning fluid in a supercritical state, returning the

cleaning fluid to a non-supercritical state to renove

at noagyperarifienl statsrio sémevam dtast apdrtion af a polesAuid poesehthen the

sur, t bstrate, contacting the substrate
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Preferably, the porous materia as a’ maxi num
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the polar_ fluid renoved by the nmethod is water.
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contacti th i craelectroni c substrate with a _
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OXyt@ediaiag bégaid@mpound includes ethyl alcohol, methyl alcohol, or ethyl
ether, with ethyl alcohol being particularly preferred.
The invention also provides a method of cleaning a porous surface of a
25 microelectronic substrate that includes placing the microelectronic substrate in
contact with a stripping fluid, contacting the substrate or the stripping fluid with
cleaning fluid in a supercritical state, returning the cleaning fluid to a non-
supercritical state to remove at least a portion of a waste material present on the
porous surface of the microelectronic substrate, drying the microelectronic
30  substrate, contacting the microelectronic substrate with a solvation fluid

comprising an oxygen-containing organic compound in a supercritical state; and

returning the oxygen-containing organic compound to a non-supercritical state to



organi ¢ conpound includes ethyl alcohol, nethyl
al cohol, or ethyl ether, with ethyl al cohol being

w@2oobitzubarly preferred. The invention al so prPvi/is®0&013622
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H2\Rer ihdludéd ZfoaBed poBfftr Ofhe substrate itself is preferably a
microelectronic substrate. Preferably, the polar fluid removed by the method is
water. Additional embodiments of the method include delivering sonic wave
energy to the substrate.

Embodiments of this method of cleaning a porous surface of a
microelectronic substrate also include contacting the microelectronic substrate
with a solvation fluid that includes an oxygen-containing organic compound in a
supercritical state and returning the oxygen-containing organic compound to a
non-supercritical state to remove at least a portion of a polar fluid present on the

porous surface of the microelectronic substrate. Preferably, the oxygen-



Enbodi ments of this nmethod include various surfaces

that nmay be cl eaned by the nethod. For exanple, the
w@bazasmay be a porous material. Preferably, P€118S2006/013622

porous material has a maxi mumcell size of at nost
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embodiments, the microelectronic substrate includes a foamed polymer.

15

Preferably, the foamed polymer has a maximum cell size of at most about 0.3

microns.
25
BRIEF DESCRIPTION OF THE FIGURES
FIG. 1A is a cross-sectional representation of a portion of an integrated
circuit substrate having polymeric material thereon.
FIG. 1B is a cross-sectional representation of a portion of the substrate of
30  FIG. 1A showing contaminating waste material and polar fluids.
FIG. 2 is a schematic representation of a pressure vessel for use in

cleaning a surface in accordance with the invention.



In invention al so provides a conposition that includes

a mcroelectronic substrate or mcroel ectronic
w@aistizAsE assenbly in contact with a sol vati oPCT/U820d6/013622

conpri sing an oxygen-contai ning organi c conpound in a
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15 coithearanioua Anbsdigenisoftls invengioor gani ¢ corrpound | n a
supercritical state. In a second enbodi nent, waste
matter present on the surface of a substrate is
r esoyedristligegdent to a wet stripping process using a
supercritical cleaning fluid. Polar fluids remainin
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20 pnmarlly when at least one compound in the fluid is in the supercrltlcal state, as

will be defined in more detail herein. Supercritical fluids of the invention
include both solvation fluids and cleaning fluids. Solvation fluids, which will
also be defined in more detail herein, are generally oxygen-containing organic
compounds that are used for removing polar fluids. Cleaning fluids are also

25 supercritical fluids used in the invention, described in more detail herein, and are
used for the removal of waste material (e.g., particulate residue remaining after
photoresist stripping).

Both solvation fluids and cleaning fluids are supercritical fluids capable

of being transformed into the supercritical state for use in the invention. A

30 supercritical fluid is a material that may be a liquid or gas at room temperature,
used in a state above its critical temperature and pressure where it exists in a

phase that exhibits various properties of both liquids and gases, called the



renmoved subsequent to a dry stripping process using a
supercritical fluid. Again, polar fluids remaining on
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upercritical rial
I i qud Qreesurggmaﬁbe f(mnmm énﬁeemdbmleof @ﬂmdsﬂryrami Bliyaios, 51% Ed.,
above IFI |t| cal tenperature and pressure where it
exPé¢E 63 ]g(’rphase that exhibits various properties of
both |iquids and gases, called thesupercritical state.
15For exanpl e, a supercritical,fjLyid has the gaseous
property of being able to penetrate smal | spaces, and

t he—t+teui-d |upC||.y of—being—abte—to—sohvate
mat drdraida | , Neinges ol ve | meCetica IBemmt Q JOkiticaldhressfire
gas or quui d enters t he *>upergriti°t:al qt at ecwhenatnfie
copbimation TS pPressure and tenperatjure are above
a cri¢H&l st at Metlps nay be a@hPeved Hy raisi’B§ the
tenp ur e, re, or bot dependirg on starting
condi {:? For i gt he crlitical s8's
t eppe re is 3 nd the cri al pregssure i,g~7.38
Np;rp(g%tlg at-hosp ]@g&gg Thus- E%% f‘ﬁg Hs—subj ggfzed to
t erpeh HLQr efs Eﬂﬂrpﬁmsﬁlyr es at orlzabove 31 C 526

C.HgO Ethanol 243 63

C3H3O | Ether, ethyl methyl 164.7 43.4

CsHg Propane 96.8 42

CO, Carbon Dioxide 31 72.9

N0 Nitrous oxide 36.5 71.7

Xe Xenon 16.6 58

Preferably, the temperature of the supercritical fluid used to remove
waste material or polar fluids according to the present invention is in the range
20 of about 30° C to about 250° C. A supercritical fluid generally includes an

oxygen-containing organic material, but may contain more than one component.
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and 7.38 MPa, it is transformed to a supercritica

state, or phase. The critical tenperatures and
wpe@saies of a nunber of the fluids that nay PET/USHA6/013622

in the present invention are provided in Table I,

bel ow. Further critical tenperatures and pressures nay

be found in the Handbook of Chem stry and Physics, 5

1s tAstd leaspapasnipdBeEed thelanipesitioRPusddoabhyye the@rganic

1_Ilﬁtallure oI he supercritical fluid ustto renove

e BSAPEHLY SHE IR C G LERET BeHGaD sk pe 10

Pr @asdtritidy 8t AR té1ﬁ drituted %sé@&}ﬂﬁlé%ﬁ t@?ﬁiéfy @ cg'tlEfQ

about 250 C. A super crl tical genera i ncl udes

an t@nwemrmqumlmm@foo ﬂgammaomtéhatacmstsbutthmzpemunce\|state
han one copponent e st, one

S nat Hs B eRite FRoH RS BBl R Rt Soanep afticved

gengnmingtaitde doi@eit-tae BiRldMtiel QhgRnks TR ositioHSt
be in a supercritical state, the tenperatures used

wi || nedaelersblyatliesressuigaange used b cl@fémyléstaett@ slerfaces is in the
r eQiH S SFRRLG 1fa(? J]l%rect8 Sheh ahﬁ 312& S am becau e at least
a ex arrpﬁ e,

supe critical e conposli |on

r eloat bMﬁbcynanUf the mapmmmeﬂw cleen aetsulesneeb hiyfausigegerally
carbon di oxi de. as the supercritical conponent in the

10 o i RTEPH RO BInETEAT §HIG COPRRINGy Ul e AR CHid@d sipts, the
C | SARsFHRSLd RliEyRHLS @e&i%?y {hg ch{f%eﬁ ??esglﬂ'%g%uﬁnlfen%f?@ Yor the

at nosphere to about 250 "at nosphe ecause at
| egsmpomat dmn'pmsfre mi th@fsudeel‘ltmairﬁta‘stlm nltrrnouxmdltlbn Blyening a
the _substrate surfac enerally the ox en cont ai ni ng
o SHRTE B HOBRTCO R o JaVs s bisp et PIC? DOCsine

t NpaRLREGYEM BisRUicvkd.! need to satlsfy the critical
pressure requirenments for the conponent that exists in

I5the supémeradvintege oftsupacritical ﬂeld@ amtheisthey ean qlByklw peetrate
su ggfeg 0% Eélfsa(;n o%%%’roﬂg Qﬁrfe‘t@e ol? a sub, grl\%?ebtg Qérgﬁ?egéog%r 11061]\/% and/or

ssure proces paramnmeters

ad‘mam agste matemm ﬁﬁplﬁddtthérain fA ftdrdslvhsing fdbast HeYrtioans the
qui ckl y penetrate pores or cells on or near the

suPtaiglgpregent o thersyrface of thesbyatsghg suparesiticakilvidanasy then
ot Beky @it %ﬁhgﬁ% %}1‘%11 it ﬂ}%@gﬂla{eﬁ Uy %{H%rwf/'\g Eﬁ{‘le& ﬁla\/e%faisnxghlch
or t on the

at least a port mat eri al' s presen
20 surfeabereby ranheved st thatveidston @oss plemersubstmm sufrfaué. dR emyval
the F waste material from a surface may be facilitated by bubble formation in the
supercritical fluid, particularly if the fluid is rapidly removed from the
supercritical state. Examples of openings in the surface that can be dried by the
method of the invention include pores and voids in an insulation layer, pores and
25  voids in alow-K dielectric material, and gaps in the substrate that may trap polar

fluids or other waste material.

As noted herein, a variety of chemicals are capable of entering the
supercritical state at readily achievable temperatures and pressures. Use of
particular solvents, or combinations of solvents, leads to a variety of different

30  removal characteristics. Further, by varying combinations of pressure and

temperature, additional removal characteristics can be obtained. For example,

increasing pressure on the supercritical composition causes its density to



be withdrawn, bringing with it the solvated or
otherwi se carried materials which are thereby renoved

WO e@ni124187 voi ds or pores in the substrate surfBCEUS2006/013622
Renoval of waste material froma surface nmay be
facilitated by bubble formation in the supercritical
fluid, particularly if the fluid is rapidly renoved
f r aneredse, thuparcomsing dalsolststsarendth almlrmmgfth@ﬂaﬁfpieﬁgﬁ*e bfithe
t he surfac?ﬁt hat .can be dri ed he nmethod of th

i nVBREFORCH PRl ghreea ﬁ&l%sassﬁiﬁ eyl Frds Phimptgral from
| a%ﬁé surffRE %ﬁth%@%éfﬁ'téj ST He‘reb é’}?] QU oF tﬂé ﬁl %&tnrtl'cgl fﬂ?{l @5}(1 ﬁgo be

s i n the substrat at may pol ar
or n@QChgcd bva@leetddmoe rO[f a«ﬁchtnﬂ@ whtdad:atn bc elt]m:r OBZANET soé\te;ntsof

cem are c r he su rC|t| al
Sor At de e B o R dbashan Ciaiirls, o BN heteor.
Pr eSedraly; addsteve@fma@acretus@&{oaredﬁw tHE PleSsur®he e IR fRkHONS
of solvents, leads to a variety of different renoval

chéﬂﬁ@@l@fmaéﬂu@sto CHigE fh‘?@lupel’@ytl Ftateray te elmpoﬂathe olesning
E) %se g@(ﬂtl{/gsnﬁqfs@% QQ%S%A Q%erull SO, 1d contammatmg the
rac e o or 8xa (i

eristrcs’can a ne
[ n@uﬁmb@gacflmdrogthnﬂaddﬁt&/esuper criti cal conposn tion
[ toi ncrease, thus increasing its

{ ,t
1050l vont I%lfersgﬂg%l herfet @ékﬁeﬁ%gl’tl%?ethﬁféhﬁ ¥4TAUS cemppneiewithin a
SURGEE! c‘bhﬁbﬁ{ed%gm%@ ?Q/}g & %?Eécfﬁeh h& 9@2&1? atsﬁlgercntlcal

rembval rate of mater e sur ace o
s ubikiid edrepositivg. djrompmample,sa smfpemtchacdlihmd cormpéreat, efg. virdon

th d d t f. addit
canak gyt T 12 by the ddslon ol addfiee U
ot hebn $HEOI/EBOS sdliiiéh ©NBHALISASLr&UTA! Auid0 rAlfBIﬂ%ftélS/ €&rbon

thereof. Cenerally, additives nmay be used to reduce
15¢ hélw&m@mme@gaw statg mahbe sddwdrte austnnpmg cfompo«sxtnoo and

en r| tica te o

ol S b e BB EhE bl Gad Sy oBe G gbe Sonswnipe »
carsepattditycal 601ﬁ1d(§ﬂeﬂt Chiisaatatapddt Adien & YhpR&RiRAPHAG may be
cI eaned by the additive. One skilled inthe art wll

d6tt toet supercritipad fpid pithes beforpibisdneughhia thpﬁu@pr@ytsqaéﬁate
208'58%@%?} Ifcﬁfol‘f(gﬁﬁ't Ft?thgg @ergrﬁ{éaf‘%t);(te ocjt %ﬁoﬁo %ﬂg 1?0% 1111 ’Q %%er ‘1t1ca1
20 supttemiy alsalbe ﬁ)tdmdi-dmmmxnmﬁng @a@beﬁﬁhﬂ@me(iubstfa@@ls ibBing

oSO KOS 8l BHidH e vorer Skt BEDe
SURGFShucd 83 ariblishslntsAitiit BRIP Mkss. Car bon
The removal capacity of a supercritical fluid can be further enhanced by
removing the supercritical fluid from the supercritical state at a rate sufficient to
25 result in bubble formation. For example, after some time has elapsed after
exposure to the supercritical fluid liquid, a valve in the vessel is opened,
substantially instantaneously, in order to relieve the gas pressure. The sudden
drop in gas pressure causes the dissolved gas in the liquid to form bubbles. Since
the formation of a gas bubble in the liquid will require a nucleus around which a
30  gas can form, particles immersed in the liquid will serve as nuclei for bubble

formation. As bubbles form around the particles in the liquid and grow in size,

the buoyant force will increase. Eventually the bubble will detach from the
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di oxide in a non-supercritical state may be added to a
stripping conposition and the tenperature and pressure
WO a00sa2lt1sD convert the m xture to one contai ni POI/ES2006/013622

supercritical conmponent. Thus, a conponent not in a
supercritical state may be added to a supercritica
fluid either before it is brought to the supercritica
st atdagrandfaseandiin thediquid) wepnying thet fraeti deipathat totthe tolp of the

state;, a component not in a supercritical state ma

21 TSR0 PCER e bt L he Auetbegiorns feratiace of
sulysd &g&& tb Be BIRhHA 8 I%_@ﬁﬁg%été’ atth8 YREcE o ileqffuid.| Ul d,

and additives or additional solvents may be 1ntroduced

at various points within the process. The renoval

ca it. .a supercritical fluid can be further
Senﬁgﬁgéén%%”?%nnving the supercritical fluid fromthe

super cr iRen@dk] Stal@std patib@bea folbi flGidPidschiQr B8 Whrfadedf a
bubbl e formati on. For exanple, after Some time has

el spavigteds peqomplished ping dsupkecrisiopldtuid raferzed tofherdin as a
i g%’l‘vg?orﬁﬂﬁ(iﬁ! MR ldhd 061 \éﬁglf Bhid!Sss g@ﬁ%einsfg%esrts A0S hAld Hat
i nstant aneously, In order to reli’eve € gas pressure.

Théasudaenitgtoplvate gaslapfleiduésenicaiibe sutfite ofiasgbdtvedwhen

gas ip the. liqujd tg form bubbles. Since the formation
10 5¢ uaedg%o idbs methegs pf B inyeption. whilediaymedhetiiheijgroperty
ar . . . . o
7 ok Pein g flly SedeaiRin WY AR hE H AR TRk Ak
bulsigh&scahoresidae. olindsdl vetiopdiuid wilbgerierallyhinclhdeatileasboek
ow in si%e. t he buqyant f@rﬁe wll 1ncrease,
e

By CRY SR Ry e GBI Rmornd o BH ORY S PotoR e e i cueeghat
as geNehigduhd 8ohthib htlleadt BRE ¥k idntalifin PRAIE! £ WMehdlcit to

the top of the liquid surface. By this neans, the
15 parcemppes, @ ¢fingd hgreim chatding both calensaundfhydmgen. Thes, CO,,

' : | d ! th f f
CneCrryb e Bl DR E SR T A b S B SmPling: Rl

pohyiegenf Pﬁfwwy%ém&&t@ﬁiﬁg Rftan@cdniidusdd 48 Geoic @latives
substrate i s acconplished using a supercritical fluid

r ePEMREEH S¥R adpwinlaalay vedehiatdobalsrpd dersTH¥hi@nehintending
"sol Uﬁﬁéﬂﬂ B;}J tHécgiy;[l <§;c s Y %\c/g}?)gse%ﬂa Eg{t%?lﬁ%]& L}Jal&%egeé IaL‘”t have

t hat has a capac 0 SO presen
20 on atboediag sfractereaimiargu baitera Thisehaiiatity cid tag fcedasg the

(neaTmy oSl N AL o, UL Tarin, Ui, Lt et
t heffsstRetas dleansbBOME. hRAWORSL, & defined herein, is an organic
compound including a carbon bearing a hydroxyl group as its sole functional
group, while an ether, as defined herein, is an organic compound including an
25  oxygen atom that is bound to two different carbon atoms. In one embodiment of
the invention, the oxygen-containing organic compounds include ethanol,
methanol, and ethyl ether. In a preferred embodiment of the invention, the
oxygen-containing organic compound is ethyl ether.
Solvation fluids are used to remove a polar fluid or fluids from the
30  surface of a substrate. A “polar fluid,” as defined herein, is a material that exists
in liquid form at room temperature, has a molecular weight of 500 or less, and

has a dipole moment p greater than 1.5 debyes. The bond dipole moment
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significant residue. The solvation fluid wl|l
generally include at | east one oxygen-contai ni ng

we@e@antasctonpound. By oxygen-containing, it i SPOEHI006/013622

5

10

15

20

25

30

that the conpound contains at | east one oxygen atom
Furt her, an organic conpound, as defined herein,
contains both carbon and hydrogen. Thus, CC2,

ac detwiengwb atdniveis defived fromatheuaeghitude ef the ovsraflaha@s and
organi c conpound, as it | acks hydrogen. Preferred
ox%%ﬂlcs SFRAFREHS B7ers o chaggr e veiall dipalemoment of a

r elRdibdifSisthe VLG sulUG I Afhal WPk BLREMbET MGHIRL. For
aléohols gndeetheﬁg. thle nota?ﬁﬁénﬁ%ﬁgltolge'baﬁnd
by expiapleywaist Iser mefendd ableofluldshareen paremaevedasing solvation

pref erred, as t.he have ondi ng structure simlar to
e B0 S o8B i B otho e P i syl ot of
af f1i 3 depyed. Waes & L DpreRehedipolar Pal@for tdvas b Welpraent
wat er, making them nore effective as cl eani ng agents.

An 1YeERB S it astypispilypiesens ilarge quentiieschugiagiintegrated cinuit

in j [ hydr oxyl drou S it .
sor P e F EE Rt 88 Py Btre ALOR ARkl Bonding
herlgiother ieSalﬁpig ofg gﬁla@ flofinp ghﬂ??bnhé’m‘dﬂégim%h &Rs @B moment
atomthat is bound to two different carbgn atons. In

on Qrpé @gdﬁpﬁn tCa@l?onF triashirride; o e ofhs hand; denswamesical ng
0" G ul & IR AR hidfleiFlor CARAQ Blus ASPLARMRed ARt
ether. In a preferred enbodi nent of the 1 nvention, e
oxygen-cont ai ni ng organi c conmpound is ethyl ether.
SoIZatLon %%gids are used to renove a polar fluid or

fl _ﬂ@”@%g he surface of a substrate. A "polar

fluid, " rasmdiaf 6@ kabief firfon bBa FafBhRkdrAl pflétt ofhS&Sface of
inliquid format roomtenperature, has a nolecul ar
weiaghbstiste B@ocammplisbed ysingal surmscridicdi ot eefmuedtothanein as a

r Iy 5 dehyes.. The. .bond dipol e nonent bet
P asa AL TR und HRie nagr B orvRe) SourHrn
change canditdicsdisddte GeRasdlel Mgastd@atesinlt }]ﬂé&:_nﬂf)n feaueBee of a
while overall dipole nonent of a nolecule is the

v e Stsrats ey usedh acqording foiia meshnsla o thsdneentione Asdhe fening
ex , : fe - £ h Ui t. e
L LSRR 0 U B ALl L S e
netdther miy bhettiens gat oxdiyuiditiat tmsbeaodls peegerithabmidedthe

1.84 dehyes. Water is al so preferred polar fluid for
r e RBRFRPIIFG op tlfﬁses?@m saRingrityG phosdd be aﬁ&ldt%q @ b yeadily

Pr ®5&13ht fonthé RERFcrAiaN kAt | 43 it Fighith 888 hLY s&dn' &%htbon

dioxide, nitrous oxide, ethane, ethylene, propane, and xenon.

Waste materials, as defined herein, include a large number of undesired
contaminants that may be present on the surface of the substrate. For example,
resist material, photoresist residue, organic residues, carbon-fluorine containing
polymers such as those resulting from oxide etching processes or plasma etch
processes, and organic impurities from other processes, may be removed
according to the present invention. Such compositions and methods are
particularly beneficial for removing ion implanted resist, UV hardened resist, X-
ray hardened resist and resist in submicrometer grooves or crevices. Waste

material may be present in significant quantities, or it may be present as small,

12



waf er manufacturing, and does not readily evaporate
due to hydrogen bondi ng. Anot her exanple of a polar
WO baoisd24187 chl or onet hane, whi ch has a di pol e noPENUSN6/013622
1. 86 debyes. Carbon tetrachloride, on the other hand,
iIs a synmmetrical nolecule with a dipole nonent of O
and is thus not considered a polar fluid. Ceaning
FI lsbai&ré'«’q:ﬁmti(aﬂateinaﬂbr thetismatnspdhéred o e sarfymsifehe substrate
seg} 0 sur face of a substrate is
ac é’déﬁ’TCF% a3 |a|‘?éi%’é{"ga\i‘6é¥ glertrestaic to1c6s-d referred to
herein as a cleaning fluid. The term"cleaning fluid,"
as used herein, refers to a fluid that has a capacity
to di ssol ve or dislodge a waste material present on
?,survgpg of a substrate when used according to the
HBEY FOIHEeS nvention. As the cleaning fluid is a

super cr iTthe&adthddsWing coinPesiti@fsBfithd inderdtfon 08 udtd s cledn the
inply a liquid, but rather may be either a gas or

| | quiecerafarsubgiate ebdrreddigprin, dhe torn shbstiatraefarnie an ObJ ect or

SPREGRE R SR 5 T D 2 L8 A0S g o

st alieinvaitibni I‘T&llelrbmﬁmlghﬂah@iﬁ; add do@psEBorsTih@mvedidaoie
di oxi de nltrﬁg oxi d ethane et hyl ene ropane, and

xeﬁéﬂlcuwgtsél ¢ frismall; copaplgestiydaehwrthfinclyidstalsde a
;gg&n%@p i é)}f)re ﬁ%h{b% 1119&%1? ttﬂg% JRRES id b tlcrHaXot 1c
sent on t ace O € substrate. Or exan‘p
r esubﬂtratﬁatl‘drqr@lectmhm sobgsitatineleds uhteprated giaeits, micro- electro

resi dues, arbon f ne contajn ner s such
¢ noREiERal it W%ﬁﬂ%é»apa%eﬁ%cﬁfemcrﬁ@ Brb Rt d5icsndBhn
et phndl RGeS S se. BRI ALY BRI fict IR EbA &8I QB conductor-
processes, nmay be rendbved according to the present

15§ nesedisomctug idht @ohsesibed onhaxarmigarm hettsiaherdayers that are

parti cul benef.i for V|n

P e SV ASRTENT b Blbe sPter Bl bnlihoiiel PRERTs e
r esilikbn, Allsib BiseiggREEr grooves or cr evi ces. Waste
material_may be present in significant quantities, or

it may Odepriegsieetraric swhiptesenbe asiglplayen o maeral, such as,
matel el {*ngﬁ:tb a sﬁ%ﬁ %f&dgrecraﬁ(iin aglgr % ?Sﬁotger lgyeefs. The

substra orces such as
20 eI GmbIroeRt‘ame sﬁb);ﬁ@’&&nclﬁ&'@&&vﬂés s tding €fcdiien-sBiphads

%nnp05|t|on§ of the invention are used to clean

t héec ology, silicon-on-insulator technology, doped and undoped
semiconductors, epitaxial layers of silicon supported by a base semiconductor, as
well as other semiconductor-based structures, including any number of layers, as
1s well known to those skilled in the art. In addition to single devices, the

25  methods and compositions of the invention are also suitable for cleaning the
surface of a substrate array made up of a number of individual substrates. A

substrate array including a number of individual integrated circuit devices is also

referred to as an integrated circuit wafer.

30 Substrate Surface Characteristics
The methods and compositions of the invention are also useful for

cleaning substrates bearing a surface including a porous material. The porous
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surface of a substrate. As used herein, the term
substrate refers to an object or device bearing

waeebazas7 t hat may be cl eaned by the met hods aPiI/UuS2006/013622

conpositions of the invention. The cl eani ng net hods

and conpositions of the invention are particularly
suitable for small, conplex structures with finely
detmitbra ngeydredhaiaeterizedbathemeinber acl @xboftelts distrittuleel therein.

N o 66T 68 Fe B LR B O e e Teelegog ee(e.s ab. The
Ci rsgadl df 9 celliSd Qerlifsd B PthEREHAM @ﬁﬁne@e@‘é??r%sefn]@%@:@e 'oln of

opt oel ectroni c devices, photonic devices, flat pane
di ggb-aferouemeaterifspritatcellsizastod atinostabbetct. 3 onéron may be cleaned

' ' d st. hat.
Sbo Dol SR PORREnRar BEFSYRlbt T SiRele R ke and
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15

r ensmeller dlerdge@eRssiedtthyy 8 clediRd 98 HA! PoRus materials used with
Sem conductor materials include silicon, gallium

ar deigroglectrapis subgiatesicenaallhavesniall osliisizes sa dattha fopaned
Si . oy r.j , nfarn ex le, a

o1 (U BHEbe BT FLb e HEy W ol FEMR o

| ayers. Tﬂemdfth@fsmﬂecﬁlpeﬁﬁﬁnssdibﬁé ﬁlﬁéﬁlidnnaﬁ:é Hlde ssedeMbees
made usi ng, silicon-on-sapphire technol ogy, .

o1 I2BMEGHL TS DERBRE  BANHISHS GYacso B elmamIas shemisal d
sem t : i ' I, il te
by o RO prisRIERE Flonb S et oy Snsh S BURREL
serrresemaeds artherassettiagr Botferally, the polyndtricgueage im fisdnsad to
of layers,. as . s,well known to those skil|led in.the

ar £1OVE A TTied RS Age- S PP??@?’P&%%?G’%&‘%HW can be
CORBEaBiotiroMde Banidd®ol NGBt ARleRHoB iRt RS, fINHeAPd & cloBlitene,
cl eani ng the surface 'of a substrate array made up of a
nurBiensf oigaricpobigiica palysteraned various fhwtinaed palynsys.

in [ nmber. _of individual i,ntegrated circuit
dog ouBie? B pftTRRcrtl i Res G el B thnfly pp e
vafigventiGubisproaide aSowéedieletHia cagd it ishigifig Aeer Bt ROFSed
and conpositions of the invention are al so useful for

c| @RMHEICIRASHA debayep aar MRS BPTosE sridielcn BpHgning air. By
POTBHS i ﬁ%g t;?a%r%g pgggﬁ_‘gegir%rﬁgatnt(%{dl %!)mg%x%s B:%I mipimal dielectric

characteriz S zé

20di sonstimboédir! heegiwith the atlchani@$ str@fofl 6©tle holyRR @inthterial.

25

30

refers to an encl osed regi on of qgas ( . The

.g. air
si Z&eapwe depeirip sorpkans phiusbdosye e aferiel dlisriats
of afi@zﬁltfg%gﬁ@&%qn ﬁ@@%ﬁ&e%fapacitive coupling has typically been

problematic. This is useful to insulate adjacent conductive layers in small
integrated circuits.

The use of foamed polymeric material in microelectronic devices
provides several advantages. For example, unlike conventional SiO,, which has
a dielectric constant of about 4.0 €, the polymeric matrix materials utilized to
provide porous insulating material preferably have dielectric constants of about
3.0 g or less, depending on the percentage of voids within the material and the
dielectric constant of the polymeric matrix material. Preferably, foamed
polymer materials have cell sizes of at most about 0.3 microns. For further

discussion of foamed polymers used as insulating material for integrated circuits,
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gas. Porous materials with cell sizes of at nost about
0.3 mcron may be cl eaned using the nethods and

W@ ewpasilsi ons of the invention. Substrates w tPCT/HSZPO6/013622
and smal |l er average cells sizes may be cl eaned as
wel |l . Porous materials used with m croel ectronic
substrates generally have small cell sizes so that the
f oasee . Sratacait Alo. 6,407 87, ussubd weldawloer @o¥le andEWiS. @arhy/No.

S ts and aces. The nmethods and conpositions
o?a‘{’lf'%lp%}r‘orv %&HS@F I-al so useful for cleaning
substr at &8 cbe@l1k BPa o RRIIWEBM&: C%ﬂﬁfg@&(ﬁl alFfﬂltélg?B&Ec@cru?t that

chem cal conpounds conprisi‘ng nonomne
or maybndeartsd blyinmetbods QflﬂllIS[S‘bE!ﬁnénh,VGIﬁIOntlbl elnqmsmlflﬂwm The

S SRR NER R

mattehiiadssnt hahsisars, kFE)r @ﬁﬁﬁ‘plé cylmmgw@vgtﬁa@eﬂoxpﬁwﬁmlﬁ
i ncl ude pol yim des, { Ihnzocycl obut ene, paryl ene,
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Pr ef ro%giﬂ}l/ole 1?4? extends through both the resist 112 and the foamed polymeric
material 110 to the underlying substrate 102. Note that while FIG 1A illustrates
a transistor including a foamed polymeric material 110 insulator, this is an
example only and a wide variety of other configurations, such as trench

25  capacitors, exist that may be cleaned using the method of the invention.

When no longer needed, the resist layer 112 may be removed by use of
standard photoresist removal methods, such as wet or dry photoresist stripping.
These removal processes may leave a wide variety of waste materials 118 and/or
polar fluids 116 scattered about on the surface of the substrate, which in FIG. 1B

30  is a foamed polymeric material 110, and particularly within the throughholes 114

where it may be difficult to remove. When the surface is porous, waste material

118 and/or polar fluids 116 may also be trapped within pores, making it even
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pol ynmer materials have cell sizes of at nost about 0.3
m crons. For further discussion of foanmed polyners
wa@s®wd/12857 nsul ating material for integrated  PCT/US2006/013622

circuits,see U S. Patent No. 6,107,357, issued to

Hawker et al, and U S. Patent No. 6,734,562, issued to
Farrar. An exanple of a foaned pol yneric surface on an
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exapl 4IRSk 830RALCROLYIRIS, Con,be et ched ueing,an .
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polynerlc material 110 to the underlying substrate

1025gu\geddymng styipping and ceaning pf the substiaty 1R22rusmgghet or

in 0 -

t i f R o BATTS BRY PRI Tho bRk Tt fiRfeanine
?Ocoﬁﬁm@uwamﬁmnﬂﬂcﬂumheas trench capacitors, exist that

may be cleaned. using the nethod of the invention. Wen

no | ongetitsisuldicient iR e pised o& geleast pPORERR o Ralardiie)

by pﬁ"ecs%ntcgn the surface of the substrate to be removed, the fluids within the

pressure chamber may be removed from the pressure vessel 120 using the
pumping system 144. If desired, portions of the fluid within the pressure vessel

25  may also be removed during cleaning to effect a continuous cleaning process in
which fluid that has been contaminated with waste material 118 is withdrawn
and replaced with fresh, uncontaminated fluid. In a preferred embodiment, the
pressure and/or temperature within the pressure vessel 120 is decreased rapidly
to induce bubble formation, which may further enhance cleaning as described.

30 After at least a portion of the polar fluids have been removed from the substrate,
the substrate is preferably dried. For example, for substrates such as an

integrated circuit wafer, spin drying may be used to rapidly dry the substrate.
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standard photoresi st renoval nethods, such as wet or

dry photoresist stripping. These renoval processes may
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used in the manufacturing of high-density ULSI semiconductors because of the
possibility of damage to the fragile structures.
Megasonic cleaning includes the same steps as ultrasonic cleaning, but
25  while ultrasonic frequencies range from about 18 to 120 kilohertz, megasonic
frequencies are in the range of about 0.8 to 1 megahertz, with input power
densities ranging from 5 to 10 watts per centimeter. Whereas the cleaning action
in ultrasonic cleaning comes from cavitation, the cleaning action in megasonic
cleaning comes from high pressure waves pushing and tugging at material
30  associated with the substrate’s surface. Supplemental megasonic cleaning
provides many advantages. It rarely causes scratches, breakage or chipping,

since substrates are not transferred or subjected to any mechanical stress.
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punpi ng system 144. If desired, portions of the fluid
Wi thin the pressure vessel may al so be renpbved during
web@andqig7t o ef fect a conti nuous cl eani ng pr ocBEEURI906/013622
which fluid that has been contam nated with waste
material 118 is withdrawn and replaced with fresh,
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fac. | ni f a surface. .Cavitation.,occurs
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and when used properly it can vigorously clean parts
wi FH’&‘BPH%FI}H%‘SC%“J&PF% e IS HES®! NG Rl le Sawopgnts

apRtuseh! FasaMH1&E RPN oM &P cARYS DGRV AYEoAERt to the
supercritical state) and a nonsupercritical component (if used) may each enter the
pressure vessel 120 directly through a separate controller 126.

25 As further illustrated in FIG. 2, components can be pre-mixed in a
mixing manifold 128. The components can also be brought to the supercritical
state in the mixing manifold 128 by including heating coils or vanes in the
manifold 128 walls to increase heat transfer to the components before passing
through an optional circulation heater 130. The supercritical etching composition

30  then enters the pressure vessel 120 through a dispensing device 132 (e.g., a
shower-head). The stripping or cleaning fluid is delivered to the substrate 122
from the dispensing device 132. It is also to be understood that the stripping or
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possibility of damage to the fragile structures.
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20a gbvtocsistibgbul 12X mey be removed from the surface of a substrate, creating a

surface that includes waste material 118, such as that shown in FIG. 1B. To
accomplish this, the substrate 122 is introduced into the pressure vessel 120, and
stripping fluid is then delivered to the substrate through the dispensing vessel
132. The stripping fluid is preferably delivered at the appropriate temperature

25 and pressure for rapid stripping of the photoresist; alternately, it may be
delivered and then heated and compressed to the appropriate conditions. An
appropriate period of time is then allowed for the photoresist layer 112 to be
removed. A stripping fluid suitable for removal of photoresist is a mixture of
H,SO4 and H,0,, also referred to in the literature as a “Piranha” solution.

30  Following the use of a relatively harsh solution such as a “Piranha” solution, the

substrate 122 may simply be washed with de-ionized water.
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The cleaning process may also be supplemented by delivery of sonic energy
using the ultrasonic or megasonic energy, as described above. After the

25  substrate has been cleaned, it should be dried. For example, for substrates such
as an integrated circuit wafer, spin drying may be used to rapidly dry the
substrate. Preferably, drying is followed by rinsing of the substrate in de-ionized

water.

30
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may. be de|iyered while the stripping fluid is still
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remove at least a portion of the waste material present on the surface of the

substrate, the cleaning fluid is then returned to a non-supercritical state. The
25  fluids within the pressure chamber are then removed from the pressure vessel
120 using the pumping system 144. If desired, portions of the fluid within the
pressure vessel may also be removed during cleaning to effect a continuous
cleaning process in which fluid that has been contaminated with waste material
118 is withdrawn and replaced with fresh, uncontaminated fluid. In a preferred
30  embodiment, the pressure and/or temperature within the pressure vessel 120 is
decreased iapidly to induce bubble formation, which may further enhance

cleaning as described. The cleaning process may also be supplemented by
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. ace fsisa

10 g perpally-ignehes pivstace Bring glsangdapidsthetrdp a dmod the scrubbing
Ingagﬁa& @QW@&IL&%M Seh8lihe s%g;agef- ggbp @g%’c)l}ikég% g@gﬁalﬁp

rapidly dry t e substrate.
f ohy@mplﬂhb,yalc betmr rabledd rctmmesuwbwmlam&s frmndgfd'mphbbledurfaces.

O BSiieg T A S enb e T RS Al R Suspetded
en@&ﬁhﬂﬁﬁh@ cah ptddpitateaniok Gﬁtorfﬁélﬁof{h%ﬁﬁ eSifuyd j@gcleamng is an

stripping to remove nmaterial fromt surface of
15 subdgaitiena supphemendalycleaninigppethed, iis wivédhoy high eelneltshml ofalﬁqmd

e naran R R RS B e G oy e or

st tdnfplingwaRthasteamdviidnahé yiRar ﬁfrcé"i@%k@’csqﬁgﬁﬁteﬂhahtthe
tends to | eave on the surface of the substrate. The

f i pahesiondprop foldig:a priseieko 4 8rfes the material (e.g.,
hot
g U gs ? { Z?‘ gec’ gc%}lop a% c?rxaa'hg a?g n‘r af?tmo tblg ?llésWaL\?& ﬁ 1911116%81?5

20 ( eelgbodlﬁﬁn‘p;lod@mhcm@lt]ﬁimﬁerﬁioml mhleyl grerl’ﬁédm ﬁsbéilﬁlﬁierstood as

wel | - known .in the After the plasm strip, the
su@gqrwg?seoqlg, Ewﬁglo‘tla miting on the scope of the invention. P

EXAMPLES

25 Example 1
This example illustrates a process for removing water from a clean,
porous surface. An integrated circuit wafer including a foamed polyimide as an
insulating material is placed in pressure vessel, such as that shown in FIG 2.
The integrated circuit is then immersed in ethyl alcohol. The temperature and
30  pressure within the cleaning chamber is then raised to above 234 °C and 63
atmospheres, respectively, to provide ethyl alcohol that is in the supercritical

state. After a time, the pressure is then rapidly decreased and the chamber is
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be placed in a pressure vessel 120 such as that shown
in FIG 2. The pressure vessel 120 is then filled with

w@2owbaansnhg fluid. The cleaning fluid shoul d bRCEHUS1006/013622

that can be readily brought to the supercritica

state, and includes |liquids and gases such as carbon

di oxi de, nitrous oxi de, ethane, ethylene, propane, and
x erfnwed ecallbOncathe ch@2fbérchas cowd edisuffitienttls theorenmédng ethyl
wat er nd the pr ure.and tenperature in the

pr @E@E}P@S\’i"etg@éqd ailggﬁeaW@fefst?éﬁ di¢tr eased until the
cleaning fluid enters the supercritical state. For
exanple, if the cleaning fluid is CO, the tenperature
can be raised to 32 C and Ekenpgeéssure to 73 atmto

58 e ¢S, ELGARIALHL: by BRLELI Pl e

t efpiesvaddts Erea@vhl Xl wak&d AnthtdghBePERSSIUNeCRBluRlg a140
units to keep the cleaning fluid in a supercritica

st #hetoresist Eyehisleapergd tha Sdl Ba4Ag Qalsalugion fa GPiranha” solution)
it cal b@ o] nove_ at .l.e a
o561 bRl 841 o 00 RN 1 BTRASBrUE § e

of raibel toUlBsitmaspherds he priviini sugedctitied fiugd. t Afer 4 @hyrthed
to a non-supercritical state. The fluids within the

10, gaessiie iprambefesrased vaf theatpived thenowrn ey 800 rRM s for

vesyakeohdd Tﬁ%g/@%’eﬁ uﬁkﬁg% H?%eBQn ﬁ%—%lﬁf@d g’Mé%OﬂlﬁZ}/vraﬁeg&/Water

portions of t I'n the pressure Vvess

al poesbet angthe watkr duthem genod ved miing theow atkf watoval jmoodss deszribed
cl eani ng pr.ocess in which fluid that has been
coﬁ?ﬁﬁ@ﬂg?éd wWith waste material 118 is withdrawn and
replaced with fresh, unconggmfated fluid hi a
preferred enbodi nent, the pressure and/or tenperature

15wi t hin {hé greepduillestvatesapro¢sds in whithelre stsipding b plidtprasist is

in | rmation,, Whi ch . further. enhance

ol et ok R Tl RSP

be pautppdsarited chyskel ity €pas@h sSPHreceSN e L0 UB ifHd] ¢ 8onds,
ultrasoni ¢ _or negasoni ¢ energy, as described above.

Af I8E R Sap3t% Ab &ahBExtgwe nl helivigarated qincuis Fwiirds then rinsed
dried. .
r 'Vﬁﬁl de'-:ﬁglzgef nggr %l E%Na i/%g ro?ﬂ’ﬁ? %1{[ % %gfz%nﬁgébﬁg%%g g&)&% ‘éecrjn]%egamre

i ntegrated circult

20r apl (Y °dy. yThdwafsuisatiaated in POER atatdpheredwitichds tanverted to a
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s T G B et ol N

S URRh & FBAH 3 (ChBRMSRE three hours, depending upon the materials used. After
a time, the pressure is rapidly decreased and the wafer is dried by spin drying at
3,000 RPMs for 30 seconds. The wafer is then rinsed again in de-ionized (18
Meg Ohm) water. Water is then removed from the wafer using the water

removal process described in Example 1.

The complete disclosure of all patents, patent applications, and
publications, and electronically available material cited herein are incorporated
by reference in their entirety, as if individually incorporated. The foregoing
detailed description and examples have been given for clarity of understanding

only. No unnecessary limitations are to be understood therefrom. The invention
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using supercritical fluids wth other nmethods, such as
brush scrubbi ng and high pressure jet cleaning. In the
whewsh24€6T ubbi ng, a brush is used to assi st i NPCT/US2006/013622
di sl odgi ng waste material fromthe substrate surface.
Preferably, the brush never actually touches the
surface being cleaned, and there is a filmof the
scrsibitilmgitsiab dhé exachirtaibahowhend desstibad) dort agiasousf dhwius to
Br ushes. i ch re eneral ly . ophilic, are petter_ .
ooit2e SR 58 art HemR e R e b seERe P b claims.
Sur f aces1l Reddids ar J%g ﬂ%@h{/érﬁelﬁé ®f R8add bhd S¥uld AR be used
cl ean because suspended contam nants can precipitate
bad® lignt e treaning aif gie tprtdbal doltovysthe biasting, nglesssagpecified.
addi ti onal suppl enental cleaning nmethod, in which a
hi gh velocity jet of |iquid sweeping across a surface
at pressures of 100 to 4,000 psi. It is effective for
renovi ng waster material when the shear force it
exerts is greater than the adhesion force holding a
material to a surface. The foll ow ng exanples are
meant to be illustrative of nunerous enbodi nents of
practicing the invention. They are neant to be
under st ood as exanples only, and not Iimting on the
scope of the invention. EXAMPLES Exanple 1 This
exanple illustrates a process for renoving water from
a clean, porous surface. An integrated circuit wafer
including a foanmed polyimde as an insulating materia
is placed in pressure vessel, such as that shown in
FIG 2. The integrated circuit is then imersed in
et hyl al cohol. The tenperature and pressure within the
cl eani ng chanber is then raised to above 234 0C and 63
at nospheres, respectively, to provide ethyl alcohol
that is in the supercritical state. After a tine, the
pressure is then rapidly decreased and the chanber
isallowed to cool. Once the chanber has cool ed
sufficiently, the remaining ethyl alcohol is renoved
and the wafers are dried. Exanple 2 This exanple
illustrates a process in which wet stripping of
photoresist is
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foll owed by renoval of water. An integrated circuit
waf er including a photoresist |layer is exposed to a
WG 206H2EEVH2O2 sol ution (a "Piranha" sol uti on)PEDUSD06/013622
mnutes at 125 0C in a CO2 atnosphere. The pressure of
the COis then raised to 73 atnospheres to provide a
supercritical fluid. After a time, the pressure is
r apVldit ys dleioredased, and the wafer is then spun dry at
3,000 RPMs for 30 seconds. The wafer is then rinsed in
de-ionized (18 Meg Chm water. Water present on the
wat er '%Jh@%ﬁdb@&@%ﬁﬁ H§hﬁﬁmkﬁﬁs%@&ﬁﬁeE&MPHﬁhgpfOCGSS
descri bed in Exa % Exa Thi s exanpl e
illustr ao@gctalgﬁh@mgatﬁnvim sﬂhvaﬂlpy i ¢qpprirgngdn oxygen-

photaresi st is fol b of water. An
P eulh ERierente btpo e Bne AL AenlB of et ot 1 ayer
I S expos@@rming the @kwoﬁtaﬁmﬁ BipasiR o mpbubt Wik fipedditical
seconds, u5|f1gg( % O2 95%%\I ggs m )??ure The o
i nﬁ@@rtatr@aom ¥ d@ﬁSt a pertien of 8 pphéﬂm nieseat o the surface of the
de- &% épd water (18 Meg ohm in a CO atnosphere at
room enperature ( 18-23 0C). The wafer is retained in
a CO2 atnosphere, which is converted to a

ercritical stat ncreasi ng the tenperature to
32 0C ar é}em?éhqslrc&sciqamé eeresn Biesirfage compssen? RYFPES mptsrial.
three hours, depending upon the materials used. After
atime, the pressure is rapidly decreased and the
waBer i §hdmetitbdnyf cgpinr?, tiprengthatpoByud dkt&EiRbas maginum cell
seconds., Th f IS then rinsed again in de-ionized
(1@Eﬁ@ga a§§?§%3nvﬁ?%% is then renmoved fromthe
waf er using the water renoval process described in
Exanple 1. The conplete disclosure of all patents,
patient Appnietlznd efiedaimaln avherein theastufarssconzmiges a polymer layer.
el ectronically available material cited herein are
incorporated by reference in their entirety, as if
i ngi Vi duak nyethddcaddamas, @herclid thefpRlyeg@ilng: dempiited foamed
description and exanples have been given for clarity
of PalE¥ st andi ng only. No unnecessary linmitations are
to be understood therefrom The inventionis not
limted to the exact details shown and descri bed, for
vampl at i dhs ntdtivadoafcldim Qehesdin tHeadbdtratd isea mictoeldctrbnice

i ncluded within the invention defined by the clains.
substrate.

7. The method of claim 1, wherein the oxygen-containing organic

compound is returned to a non-supercritical state by reducing its pressure.

8. The method of claim 1, wherein the oxygen-containing organic

compound is returned to a non-supercritical state by reducing its temperature.

9. The method of claim 1, wherein the oxygen-containing organic

compound comprises an alcohol or an ether.
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Al'l headings are for the convenience of the reader and
shoul d not be used to Iimt the neaning of the text

wao b@b/12451 ows t he headi ng, unl ess so specifi edPO¥TES2006013622
claimed is: 1. A nethod of cleaning a surface of a
substrate, conprising: contacting the substrate with a
sol vation fluid conprising an oxygencontai ni ng organic
corffoundhiemehslpardm t,ivdeleis t}mtcecygemdomainingrdrgﬂgﬁct he

oxygen- co tainin rgani.c. co

nom: %B'élrd;?qnﬂ?l bsg? e@rgﬁgo}% I’Fgﬁﬁ\fﬂw&f’f) PEELY! fhsor ti on
of a polar fluid present on the surface of the
substrate. 2. The method of claim1l, wherein the
surlflace Tdemptheres! daipol, otlererm therdxaken-gontathimgoegdndel of
cl ein.t orous material has a maxi num
ce%PH?P%%¥2'm%Feﬁg£§1§%%H 0.3 mcrons. 4. The nethod
of claim1l, wherein the surface conprises a polymer

| ayer. 5. The nethod of claim4, wherein the polyner

| a)lgr c amsrnetiaad of dlajmnk avhesniy ferpolas flujtheomprises kst

claim1, wherein the substrate is a mcroelectronic
substrate. 7. The nmethod of claim1, wherein the
oxyden- d?]nnhmt]rmd‘@f il ifertico epmprising dryigg thesadadenfahe
non- su |t|calgﬁ$ate by reducing its pressure. 8.
Th éu‘ﬁ%‘t% chFetEm iOXW@rCQPWHtHﬁ%ortgﬁgrlgéﬁm@emdarom -
Or GaR&rith@Rand is returned to a non-supercritica
stat'e by reducing its tenperature. 9. The nethod of
clarnrl wherein the oxygen cont ai ni ng organrc

oun hol or .an e

od dHS AR o T L S e e Fe G S g ave enerey
or gatHeGubarpOuUNd conpri ses et hyl al cohol, nethyl
al cohol, or ethyl ether. 11. The net hod of claim1,

wherein the oxygen cont ai ni ng organic conpound

congr s %S %Ehla}ilof @ ?1? Hg 4PQ poI]o%s s{ﬂ% ce' O %roe&eg&o% subs’trate

wher ei n I'ses mater
nebhm@nmhgclalnrl further conprrsrng drying the
surface of the
contacting the microelectronic substrate with a solvation fluid comprising
an oxygen-containing organic compound in a supercritical state; and
returning the oxygen-containing organic compound to a non-supercritical
state to remove at least a portion of a polar fluid present on the porous surface of

the microelectronic substrate.

16.  The method of claim 15, wherein the oxygen-containing organic

compound comprises ethyl alcohol, methyl alcohol, or ethyl ether.

17. A method of cleaning a surface of a substrate, comprising:

placing the substrate in contact with a stripping fluid;

contacting the substrate or stripping fluid with cleaning fluid in a
supercritical state;

returning the cleaning fluid to a non-supercritical state to remove at least

a portion of a waste material present on the surface of the substrate;
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substrate after returning the oxygen-containing

organi c conpound to a nonsupercritical state. 14. The
woredokozhtief claim 1, further conprising deliverP@yUSmne/e13622

wave energy to the substrate. 15. A nethod of cleaning

a porous surface of a mcroelectronic substrate,

conprising: contacting the mcroel ectronic substrate

wi th a sohinatingtheshbstedtecwitipa selivatigpraiuid xymerising ah akygeng

or gani oun

C.CO d in a supercritj.cal, state; and
" et AP RITHEE PG comeR ARy e 588 & Conpound to a
non- supgewtiihg ﬂﬁ'ox?é&ﬁ&)rﬂeﬁnﬁlg BRYRi AdontfRRY 1Ra ROE-SifReritical
of a polar fluid présent on the porous surface of 'the
ni étaseicgemoyn hideat b portionet applar Thual presdnd dn dfe sutfacanftbe
wh%ﬁ&&ﬂughe oxygen-cont ai ni ng organi ¢ conpound
conprises ethyl alcohol, nethyl alcohol, or ethyl
ether. 17. A nmethod of cleaning a surface of a
substrate, conprising: placing the substrate in
contact Wietrethodelqlap hg vwherginthestsnimerfivid comprises carbon

subgd.h hopl o L: | I ' fluid in a
supe&r%?él’ ? fhgg?’%g{%%f &?fg{l%%ﬁ%égr@%g&cﬁ?%{ﬁ?%g fluid to a
non-supercritical state to renove at | east a portion

of wast e terial present on _the surface of the )
su ﬁ?t r af@w%%%iﬁa St Fe et thasEiRmthlad semprpsssHlfuric
f 1 ubH oRmeh! 1) RS ADAIIIAEAILNNIn LIS, cOmPOUn d
in a supercritical "state; and feturning the

oxygen-cont ai ni ng organi ¢ conpound to a
non-supercritical. state to renpve at | east. rtion
of 28: por i "R, Yt ie StPYgies dfied pfore contacting
sulisd sudbi@ate k8t aldofaiBh Mad. of claim 17, wherein the
cleaning fluid conprises carbon di oxi de, ethane,

et hyl ene, nitrous oxi de, propane, or xenon. 19. The

co 1 sabe il s, Shiab G S Bt Bepwe

solmtéreyd, or de-ioni zed water.

22.  The method of claim 21, wherein the porous material has a maximum

cell size of at most about 0.3 microns.
23.  The method of claim 17, wherein the surface comprises a polymer layer.

24.  The method of claim 23, wherein the polymer layer comprises a foamed

polymer.

25. The method of claim 17, wherein the substrate is a microelectronic

substrate.

26.  The method of claim 17, wherein the oxygen-containing organic

compound is returned to a non-supercritical state by reducing its pressure.
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20. The nethod of claim 17, wherein the substrate is
dried before contacting the substrate with a sol vation
WO bwwbd24121. The net hod of claim 17, wherein theCHUS00€®3622
conprises a porous material. 22. The method of claim
21, wherein the porous material has a maxi num cel
size of at nost about 0.3 mcrons. 23. The nethod of
cl &7m 17 hewhethe of ddim K1) wihacin theromygaesontaipink wnganic
| ayer. 24 . The nethod of claim 23, erein the pol yner
| ayarPEEHiSFRNEIEd ¥ B ARSRSFHRSF Sttty Fafe i HgaPgRtiL.
claim 17, wherein the substrate is a mcroelectronic
substrate. 26. The nethod of claim 17, wherein the
oxygen- ddwmzdtinidef deigalil, whersmpthemdyze-cwtaining drgapica
no%bsusgnf&jtkcal Pt@telg% reducing its pressure. 27.
Th&OMBPHSGCBIPTErAIhlE 0l oF 87 8RRt he oxygen- cont ai ni ng
organi ¢ conpound is returned to a non-supercritical
state by reducing its tenperature. 28. The nethod of
cl @8m 1)7lf,he\m1@éh<éi of dlaim b yhereit hetoxy gemepndainiagiocganic

COBO OSSPk A1 BRaE P Bl iy T

or gani ¢ conpound conpri ses ethyl al cohol, nethyl
aIcBhoI, or et hyl ?ther. 0. . The nmethod of claim17,
whePei n TR BN, Ta HETRR Bie QAMBE-cQdipins graanic

co 1. The nethod of claim17,
Bl 5&?11@?1 se@&tﬁ?luhﬁﬁ!aohoﬁ

wherein t ol ar conprises water. 32. The
met hod of claim 17, further conprising delivering

o1 adni ng & OIS it et oo i toeisgs aier.

substrate, conprising: placing the mcroelectronic
substrate in contact with a stripping fluid;
coABact ilihg meteodseflpdaimalt 7e fisther bemptising gélivgring sdrde wave

cl %%ergygo {hle %ilgstl.;a{]e. a

33. A method of cleaning a porous surface of a microelectronic substrate,
comprising:

placing the microelectronic substrate in contact with a stripping fluid;

contacting the substrate or the stripping fluid with cleaning fluid in a
supercritical state;

returning the cleaning fluid to a non-supercritical state to remove at least
a portion of a waste material present on the porous surface of the microelectronic
substraté;

drying the microelectronic substrate;

t contacting the microelectronic substrate with a solvation fluid comprising

an oxygen-containing organic compound in a supercritical state; and

returning the oxygen-containing organic compound to a non-supercritical
state to remove at least a portion of a polar fluid present on the porous surface of

the microelectronic substrate.
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supercritical state; returning the cleaning fluid to a

non-supercritical state to renove at |east a portion
wW@booa/1naST e material present on the porous surPEDESNG6/013622

the m croel ectronic substrate; drying the

m croel ectroni c substrate; contacting the

m croel ectronic substrate wwth a solvation fluid

corfgh i siTig methok yHdaincdh tvdiendin theool epmirigctld @ kpprisksicarban

supgercritical state; and returning the

oxyg%?ﬂd"c&ﬂ%a&%rﬁt er aﬁﬁfe e ABHPHs S Brogane, or xenon.
non-supercritical state to renove at |east a portion

of a polar fluid present on the porous surface of the
m Gdoel édtermethed sldisinr 33, evlRdein Tesstnipytilmg Quidfconipaisen @Buric
wherej n.the ¢l eaning fl.uid.conprises carbon di oxide,

et & eS,OI%Wi’yﬁ%Cﬁgge“é?eﬁ lgﬁ%qluth‘?qﬁf’f)é%m&%eééﬂfatﬁr opane, or
xenon. 35. The nethod of claim 33, wherein the

strippi nng fluid conprises sulfuric acid solution,

hy deger prethod delespingts syrfaceoe! apmbplsrie. compraingr . 36. A
et ho_d .chonfélc 1%{11@%*1193&%% ‘&ﬁﬁ: & ggetoﬁs lé{?rﬁgi,r ate,
conprising: C acting the sdabstrate w’th a gaseous

pl asma; coantdied thegubsiateswlis tleatigg Wuidin el sepsiciigedl ktated

in a supercritical state; returning the cleaning fluid
to a nodeWpes teidsanme tHid fea pop-punvErriicak state spsgempve at least
PO SRhlorb P NS iRl Flckéh oRHERSERACODF D SytblACe of
the 'substrate; contacting the substrate wth a

sol vat i aenfactngithe snipetiags wigh asolvatygefhad cb@mprising an ogpgene
conpound in a supercritical stah.e; f\no_l rgturni ng the
oy BRI PSR BB o wBRSELR Sfa 20

non- supgeidihd BRl ox§Eél-SordtAnin@ YA AborhRASBEH t@a BOS-ShRcritical
of a polar fluid préesent on the surface of the

sulstate it emo3y at [P arpettinaddigfpotdrdivid B@senike thes surfapeof the
gassggé%%té)l asma conpri ses an oxidi zer selected fromthe
group cornisisting of SO2, N O NO NO, 3, H2®2, F2,
a2, Br2, and 2. 38. The nethod of claim 36, wherein

the surface conprises a porous )
37.  Themethod of claim 36, wherein the gaseous plasma comprises an

oxidizer selected from the group consisting of SO,, N,O, NO, NO,, O3, H,O,,
F,, Cly, Brs, and O,.

38.  The method of claim 36, wherein the surface comprises a porous
material.
39.  The method of claim 38, wherein the porous material has a maximum

cell size of at most about 0.3 microns.

40.  The method of claim 36, wherein the surface comprises a polymer layer.

41.  The method of claim 40, wherein the polymer layer comprises a foamed

polymer.
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material. 39. The nethod of claim 38, wherein the
porous material has a maxi mnumcell size of at nost
wW@bwat12058 m crons. 40. The nethod of cl ai m 36PCTHAIS2066/013622
the surface conprises a polyner layer. 4 1. The nethod
of claim 40, wherein the polyner |ayer conprises a
foanmed pol yner.42. The nethod of claim 36, wherein the
subt r atBheimsethodrvtelaiel 3 twhendic thewsobitrant 8.2 Midroclvgonic
nethﬁq ?f cl aim 36, wherein the oxygen-containing
or gaRT"@ Conpound is returned to a non-supercritica
state by reducing its pressure. 44. The nethod of
cl ai m 36, wherein the oxygen-containing organic
corfidoundiegnetbodipidaint 36, avheosin thepeiygeni-tontaihingtoaganiby

GRS B SR S Bl e

conprises an al cohol or an ether. 46. The nethod of
clai m 36, wherein the oxngnicontaining organic
corffeundheanehedebelainngd, WieemBie, oxrehgantainagivganior
et r%hﬁ%h&?{s'reﬁ%ied-wgngﬁ-.tsﬁls)e(ilmgi)tflcaﬁtgﬂe %@duc%i‘ise%eﬁq %ﬁﬁlre.
oxygen-contalrni'ng organi ¢ conpound conpris e y

al cohol . 48. The nethod of claim 36, wherein the polar
fluid conprises ter. 49. The nethod of claim 36,

f urther ﬂ’c%r%‘?th%‘i %lﬁm & etherrn Se Py suctURBEGYEHY t he
SURShipBhid cctfloridhs HELRORLIQK off bR N0 a porous surface

croel ectronic substrate, conprising: contacting
the m croelectronic substrate with a gaseous pl asma

contacti t 1 croel ectroni.c substrate with cl eaning
Fria i it il RS R B B £ CCREAN] ng
fl woﬁltpbﬁn@caﬁms%y B@K LAIES Ut ahetBl B &NLE of %m?yahai. | east

a portion of a wasté material present on the porous
surface of the mcroelectronic

47.  The method of claim 36, wherein the oxygen-containing organic

compound comprises ethyl alcohol.
48.  The method of claim 36, wherein the polar fluid comprises water.

49.  The method of claim 36, further comprising delivering sonic wave

energy to the substrate.

50. A method of cleaning a porous surface of a microelectronic substrate,
comprising:

contacting the microelectronic substrate with a gaseous plasma;

contacting the microelectronic substrate with cleaning fluid in a
supercritical state;

returning the cleaning fluid to a non-supercritical state to remove at least
a portion of a waste material present on the porous surface of the microelectronic

substrate;
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substrate; contacting the mcroel ectronic substrate

wWith a solvation fluid conprising an oxygen-contai ni ng
we@e@angastonpound in a supercritical state; anPCT/US2006/013622

returni ng the oxygen-containing organi c conpound to a

non-supercritical state to renove at | east a portion

of a polar fluid present on the polar surface of the

m cr oel eohiaoctingths uhistoekteonid tubstrhte wikt & edvafondldd nvbPrising

wherei n the gaseous plasma conprises an. oxidi zer

s el BXIETF FUPTERE OGP pewarsind i1 mgunsrorsies! figte; ando

NO2, OB, kifBng fidrox &1—0&&%11111@%9%19?0 coﬁ’xéaouﬁd ¢PAROR PPt itical

conprising a mcroélectroni c substrate or

m stagetoaemoye pidleat bportimenfagwéarifluyd presantd nn dot polrtsiarface of

so%vatLonlfuuid c§mg%ising an oxygencont ai ni ng organic

co %ﬁWﬁo?ﬁsgngﬁﬁlﬁ ¥Ptical state. 53. The conposition

of claim 52, wherein the oxygen-containing organic
conpound conprises an al cohol or an ether. 54. The
co%osi tiherimethodpllains30, whistaie the gaprous piagma-comptisdsiong

ol Cafer SRR RO AR B Sl oo RO NER NG Op die

52, F,wiBs Bi,nartd@,. oxygen- cont ai ni ng organi ¢ conpound
conprises ethyl alcohol. 56. The conposition of claim
52, wherein the mcroelectronic substrate conprises a

foaed ReLyiRSsitioh contifi b oo i
wherein t herﬂﬁ o%rlmdcop ng a &nllrae))? %fnsﬁl ﬁwgtgdetzﬁﬁlg fczr%elgcftmmc
at snbstateadseerhbl i contastovith a solvation fluid comprising an oxygen-

containing organic compound in a supercritical state.

53.  The composition of claim 52, wherein the oxygen-containing organic

compound comprises an alcohol or an ether.

54.  The composition of claim 52, wherein the oxygen-containing organic

compound comprises ethyl alcohol, methyl alcohol, or ethyl ether.

55.  The composition of claim 52, wherein the oxygen-containing organic

compound comprises ethyl alcohol.

56.  The composition of claim 52, wherein the microelectronic substrate

comprises a foamed polymer.

57. The composition of claim 56, wherein the foamed polymer has a

maximum cell size of at most about 0.3 microns.
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