WD 03/ 084680 PCT/ US03/ 09245 -1 ENHANCED PROCESSI NG OF PERFORVANCE FI LMS
USING HI GH DI FFUSI VI TY PENETRANTS 5 Field of the Invention This invention
rel at es twormendses of enhanci ng the perfornmance of fil ns PCorusestonmns
substrates such as mcroel ectronic devices. 10 Background of the Invention
Li quid and supercritical carbon dioxide hals been disclosed and in sone
cases comercially used as a diluent, carrier, or nedia for a variety of
chem cal and industrial processes ranging fromfine chem cal extraction
and isolation to cleaning of precision parts (See, e.g., U S Patent No.
5,944,966 to DeSinone et al. (cleaning); 15 U.S. Patent No. 6,240,936 to

DeSi mone et al . (HANGEBTRLESIRNPAORFERPORMANGE HEMOUBINBRK et al.

(dry cleaning); US. Patent . 6,120,613 to Romack et al
cl eani ng/ separ ati on syst errs)rl)l.GHFEeIFBHﬁiVEﬁY BENBERANES and the tunabl e
nature of both Iliquid and supercritical C02, along with its generally

benign nature, make it an ideal candidate for replacement of many
i ndustrial solvents and water. 20_Liquid and sypercritical CO2 has been

di scl osed as a nedia for coating iel venti 2-philic materials onto
various substrat eppif Sl‘ﬁ@entﬁmgre’latéé ® nEdh&Rt oNenhanfindOthe 498 fdrRahSSbiaIfs et
al. (spin coating); US. Patent No. 6,200,637 to Clain et al. (coating);

U.S. Patent fdune@pﬂ&ﬁbﬁé@stsmlmmungl@troaicdew;ym ng)). Again, the physical
properties of the fluid enconpassed in its tunable nature and superi or
wetting 25 properties benefit a variety of applications in replacenent of
sol vent sj;and water. Recently, |IpfkisfoditfofShedheditioncal CO2 has been

di scl osed as a processing nedia Tor cleaning m croel ectronic substrates
such as i ntegr at eHiquid ang wemcmw@n fh@wie gs peavedisedoged and) i somgicases No.
5,866, 005 to a 15 cal

proposed for O(%'gam ng' ‘ggee% J(l:soﬁ ll or’ vva e’rs u?c}lgﬁ% eélgffalrg}rﬁu L%{lerlfhzlg of

i nt egr at ed cmﬂasmalsproéds&s(i@glﬁg ﬁam fige dteﬁﬁca/lmutrdctroamnaaﬁ)lmoraugmntng of
conventional front end of the lLine gFEO_) and back end of the I|{1 BEO_)
cleaning prEESOBPARADG 14§ i 2> SEIPENCs 5100 PeDenEIfng f idb<(Cleantel

vater. As ingegrph&d No. 6,240,936 to DeSimone et al. (spin cleaning); US Patent No.
5,858,022 to Romack et al. (dry cleaning); U.S. Patent No. 6,120,613 to Romack et al.

cleaning/separation systems)). The physical properties and the tunable nature of both
liquid and supercritical CO,, along with its generally benign nature, make it an ideal
candidate for replacement of many industrial solvents and water.

20 Liquid and supercritical CO, has been disclosed as a media for coating a
variety of CO,-philic materials onto various substrates (see, e.g., U.S. Patent No.
6,001,418 to DeSimone et al. (spin coating); U.S. Patent No. 6,200,637 to McClain et
al. (coating); U.S. Patent No. 6,010,542 to DeYoung et al. (dyeing)). Again, the
physical properties of the fluid encompassed in its tunable nature and superior wetting

25  properties benefit a variety of applications in replacement of solvents and water.

Recently, liquid and supercritical CO, has been disclosed as a processing
media for cleaning microelectronic substrates such as integrated circuits and MEM’s
devices (see, e.g., U.S. Patent No. 5,866,005 to DeSimone et al. at column 6 lines 14-
15). Typically, as proposed for cleaning semiconductor wafers during the

30 manufacturing of integrated circuits, the CO, cleaning step would replace or augment
conventional front end of the line (FEOL) and back end of the line (BEOL) cleaning

processes that utilize solvents, reactive chemistries, and/or water. As integrated



WD 03/084680 PCT/US03/09245 -2 circuits are manufactured one |l ayer at a
time, typically fromthe silicon wafer up, each Ilayer wll go through at
| east onewoOlogasdesy step to renove transi ent processing | aperajSod/etdeh

resi dues, particulate nmater or oxidation materials. Again, the physical
properties of the CO2 fluids, |ow viscosizy and | ow surface tension, and
the tunable nature 5 provide for several benefits over conventional
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met hod conprising the ste of . ( rqovj ding a prefornmed mcroel ectronic
substrate, RIAGPIQRSADHIGP 8 Fhevatiiey ?05& %fﬁé«?s_e#&em fﬁepr&glw?@&u%e% RRfptoreyiy
contacting t{giSHRsksBLEad &lcl%QtrEE}5)Q?§1m9k@§f]5 e i QRAl ;Qa?tladf*tb{e fRRL& ‘?Hagﬁyd

addi tional ingredients as discussed below) in an enclosed vessel; (c)
el evatind t him pll emses; exofptiohal &im bomoadhress,deonfipmsitonal wensigericyi @bsance tof

| asticize the polynmer filmand reducge. undesi.red.topographi c featu .
P nce 1| T Propessine onineb & HEintRE%: BErrGRDSHERgT ALE Rty  ne
pressure of pdelgj.carbon di oxi de after the elevating step), and/or

I ncreasi ng adhesion to said 25 underlying substrate as conpared to that
previously found in the polymer film In general, the plasticization of the

polymer results in a decrease irasurlgi%lh Xf&l%(iﬁvivél%io%nd nodul us, and an
increase in free volune. This f oftening that results in
m ni m zatd on of fAl fitst mpgict eftthepseseanihvahti@r is heméiBad iof redediggs@desireda

controll ed manor the result is a densification of the polyner film 30 A
second aspectoregraphje {saREesnincRaung ifﬁﬁl idgnsityneAi  Hicreseiog| aghgsiopgto an

reaction underlying substrate in a polymer film formed on a microelectronic substrate, the
method comprising the steps of: (a) providing a preformed microelectronic substrate,
the substrate having a polymer film deposited thereon; (b) contacting the substrate to
20  carbon dioxide (optionally containing additional ingredients as discussed below) in an
enclosed vessel; and (c) elevating the pressure of the carbon dioxide for a time
sufficient to plasticize the polymer film and reduce undesired topographic features,
increase film density (e.g., by releasing carbon dioxide or decreasing the pressure of
the carbon dioxide after the elevating step), and/or increasing adhesion to said
25  underlying substrate as compared to that previously found in the polymer film.

In general, the plasticization of the polymer results in a decrease in both
viscosity and modulus, and an increase in free volume. This facilitates a film
softening that results in minimization of film imperfections, and after the CO2 is
released in a controlled manor the result is a densification of the polymer film.

30 A second aspect of the present invention is a method of accelerating a reaction
in a polymer film formed on a microelectronic substrate, the method comprising the
steps of: (a) providing a preformed microelectronic substrate, the substrate comprising

a substrate having a polymer film deposited thereon, the film optionally containing a



in a polymer filmfornmed on a mcroel ectronic substrate, the nethod
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contacting t sugft rate to carbon dioxide (optionally containing
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refractive element-containing imaging agent into the polymer film.
The present invention may also be utilized to clean or cure films of low k
dielectric materials formed on a substrate in the manner described herein.
20 The foregoing and other objects and aspects of the present invention are

explained in greater detail below.

Detailed Description of the Preferred Embodiments

This description is not intended to be a detailed catalog of all the different

25 ways in which the invention may be implemented, or all the features that may be
added to the instant invention. For example, features illustrated with respect to one
embodiment may be incorporated into other embodiments, and features illustrated

with respect to a particular embodiment may be deleted from that embodiment. In
addition, numerous variations and additions to the various embodiments suggested

30  herein will be apparent to those skilled in the art in light of the instant disclosure
which do not depart from the instant invention. Hence, the following specification is
intended to illustrate some particular embodiments of the invention, and not to

exhaustively specify all permutations, combinations and variations thereof.



Wi th respect to a particul ar enbodi nent may be del eted fromthat

enbodi nment. In addition, nunmerous variations and additions to the various
enbodi nerwe suggest ed 30 herein will be apparent to thosepshiusow2un the
art in light of the instant disclosure which do not depart fromthe
instant invention. Hence, the followi ng specification is intended to
illustrate sonme particul ar enbodi nents of the invention, and not to
exhaustivel y specAppliahts specifichldy iimasd tieaordlli Datted Statesnpaterstr iefdrerees cithér eof .
WD 03/ 084680, PCT/ US03/ 09245 .. -4 |i cant.s specifically intend that all
United Stat egerﬁﬁtbgﬁ?cof%?réﬁegﬁe é“@f?eéﬂen‘ﬁéflémﬁr TN cor por at ed herein by
reference in their entirety. 1. Definitions. 5 "Substrate" as used herein
refers to any suitable solid substrate, often a sem conductor, used for

t he manuf act LuRefufitionsr oel ect roni ¢ devices and the like. Suitable

substr at i ncl ud l croel ectrgni c .substrates suc s _sem _conduct
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sui t abl e t hi Swibles substraiesalinglude omiqyoalectepnicy substbaies esush t S csemiePndgcieF 100
mcrons thic bst-mgs polymer filnms may be formed or deposited by any

sui tabl e technique, including but not limted to spin coating. The film
may be formed of @ulymer filab aissdtecarty outi the prdemgniatitionare Formet debnt any

acrylic 15 polyners, styrenic polyners, vinylic polynmers,_ fluorocarbon

pol yrer sl0 si $uRblseorgpye yw@fr%?r- aln egme embodiments the pRlymst ifilms Grg gesisds oxng

m xtures the e ' r ' \ ' it
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hydrol ysis reactions, etc. "Chem cal internediate" as used herein to refer
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carry out or pc];l%%imlsi El?cSr‘Sli@p&%@s? Qllomatic polymers, and mixtures thereof.

“Undesired topographic feature” as used herein with respect to polymer films
refers to any undesirable topographic feature, including but not limited to open or
closed pores in or on the surface of the film, waves, bumps, etc.

20 “Chemical reaction” as used to refer to reactions within a polymer film refers
to any chemical reaction, including but not limited to neutralization reactions,
condensation reactions, hydrolysis reactions, etc.

“Chemical intermediate” as used herein to refer to a compound or reagent
impregnated or diffused into a polymer film to carry out or facilitate a chemical

25  reaction includes, but is not limited to, acids, bases, catalysts, water, etc.

“Imaging agents” used to carry out the present invention include those
compounds containing refractive elements, such as silylating agents.

“Plasticize” as used herein refers to the modification of a polymer containing
substrate, whereby CO2 and chemical intermediates or adjuncts act to molecularly

30  permeate the polymer and whereby the rheological properties of said polymer are
changed (e.g., by decreasing viscosity and modulus).

The terms "low k dielectric material", "low dielectric constant dielectric

material”, as used herein, are intended to refer to a dielectric material having a



25 reaction includes, but is not limted to, acids, bases, catalysts,
water, etc. "lmagi ng agents" used to carry out the present invention
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agents. "Plasticize" as used herein refers to the nodification of a polyner
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limted to silicon wafers containing transient and non-transient |ayers

appl i ed 120 materiabsuehnshudrogen-depedfor Slaniinatedisiicar oxide diskstrinfimsas
integrated circuits m croel ectromechani cal devices (MEMs), optoel ectronic
devi ces. Transient |ayers

2. Substrates and coatings.

The present invention will be carried out on a variety of substrates including
but not limited to silicon wafers containing transient and non-transient layers applied
20 in the manufacturing of semiconductor devices such as integrated circuits
microelectromechanical devices (MEMs), optoelectronic devices. Transient layers
such as photochemically active resists are typically applied by spin coating from
solvent. The resist typically comprises a polymeric material, and may be a positive-
acting resist or a negative-acting resist. The resist may be patterned or unpatterned,
25  developed or undeveloped at the time the CO, treating process is carried 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
30 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 generally known procedures, such as by spinning,

dipping, roller coating or other conventional coating technique. When spin coating,



such as photochem cally active resists are typically applied by spin
coating from solvent. The resist typically conprises a polyneric material,
and may bwOa3pesBii ve- acting resist or a negative-acti ngPC#dissy/092dhe
resist may be patterned or unpatterned, 25 devel oped or undevel oped at the
time the CO2 treating process is carried-dut. Any suitable resist
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low k materials. Some of these materials are primarily inorganic in nature and still
rely on chemical vapor deposition (CVD) or plasma enhanced CVD. However, a
20 growing number of new low k materials of interest are hybrid organic /inorganic
materials or wholly organic materials, and a number of these materials are applied in a
spin coating process, or other solvent assisted processes.
The present invention also relates but is not limited to the treatment of
semiconductor substrates containing low k films. The current invention practiced in
25  this regard is particularly useful for substrates containing low k materials that have
been applied using solvents or processing aids, or applied using processes that require
a post-application treatment such as a post application bake (PAB). Low k materials
that can benefit from the application of the current technology include but are not
limited to: silicon, oxygen, and carbon containing polymers and polymer pre-cursors,
30 wholly organic polymers and polymer precursors containing a predominance of
carbon and hydrogen, and fluorine containing polymers and polymer precursors.
As the current invention relates to resist containing and/or low k containing

semiconductor substrates, it may be practiced before, after, or in place of a post-



low k materials. Some of these materials are primarily inorganic in nature
and still rely on chem cal vapor deposition (CVvD) or plasma enhanced CVD.
However, woO2208/08t68Mi ng nunber of new | ow k material s of i ntPerasos/enes hybrid
organic /inorganic materials or wholly organic materials, and a nunber of
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wi th thellar tcommisecurrent i nvention may al so be practice before, after, or

(0 place of drylng) eiflof uRamcd pakfle 1AREAG R0 401 506017 TBRRLER | ON.

curing, or 5 patterning of resrst naf materials i'n the
manuf act uri ng of (bdtfegmal,e@01,cO0.Ac0iSt s an@ pdreentitkel 08.10Cperbent @i mwiadef
conposi tions. I bon-di oxi de conpositions used to carry out the present
i nvention t 10 conprise: (a) carbon dioxide to balance, typically

fap
at |east 40, 50 ?(%) @t 600.0E'CEN or £ B 36,r408r50 Fhré&ht oPmbre OF & orkafit cé-

percent to 5 or percent or nore of surfactant; (c) fromO, 0.01, 0.1, 1
or 2 to B0, snbvest; 50 percent or nore of an organic co-

(d) optionally, but in some embodiments preferably, from 0, 0.01, or 0.1 to 2,
5 or 10 percent water; and

(e) optionally, but in some embodiments preferably, a chemical intermediate
used to facilitate a desired chemical reaction, typically below 5% of the total

20  composition.

Preferably at least one of the surfactant and/or the co-solvent is included (e.g.,
by at least 0.01 percent) in the treatment composition, and optionally both a surfactant
and a co-solvent may be included in the composition. Water may or may not be
included in the composition, depending upon the particular cleaning application and

25  the nature of the substrate. Percentages herein are expressed as percentages by weight
unless otherwise indicated.

The treatment 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

30  usage.

The organic co-solvent may be one compound or a mixture of two or more

ingredients. The organic co-solvent may be or comprise an alcohol (including diols,

triols, etc.), ether, amine, ketone, carbonate, or alkanes, or hydrocarbon (aliphatic or



15 solvent; (d) optionally, but in some enbodi nents preferably, fromO,
0.01, or 0.1 to 2, 5 or 10 percent water; and (e) optionally, but in sone
enbodi nenwe opefess abl y, a chem cal internmediate used to fraaiusos/ed2es a
desired chem cal reaction, typically below 5% of the total 20 conposition.
Preferably at |east one of the surfactant8md/or the co-solvent is included
(e.g., by at least 0.01 percent) in the treatnent conposition, and
optional | y babtimatc)sDhid aghriotco-sah@ntmap-bs @l méxtirend\cohpoiuds, sakddasi mixtires
conposi tion. er may.or y not pe ingluded in the conposition, .
dependi ng up‘Ef\rﬁa\ﬁf‘Wsﬁér@‘fe&ﬂ_ Ve.Caranikiwg® GhBRT 5o AkAReS38 CRPIRACRE Dt he
substrate. PRImRRlRAOGRpAIRHE ISR RS atoRSIsAS UERRLAIRBORY (UE! BB 0

unl ess otherw se indicated. The treatment conposition nmay be provided as a
liquid or supel.tto 6¥ecefia €1 to €15 alcnboludichuling dodse triads,|ete))i Ay swrifaptand camd

supercritd cal carbon di oxide are herei toget.her, referred t S .
"densi 1 O RO AEY; GHs the, Pizserts invEREn RE IARE, boih sufasnts el Samain 4
organi ¢ co- SQCKEIEKiIiH%Yq@e(sQélﬁaSCWinW’C"ﬂ Applichich WO36/D7704) MAk&] to a

i ngredi ents. The organic co-solvent may be or conprise an al cohol

(i ncl udi ng dFEk sphobicer grobp (e.®1 ¢ lipophéligioupaaridnaurfagtanisikat degiopeertaia a G692

al kanes, or h 0 on. (al_j | 084 P U 0 - 8
aromatic) The g{cgémug) zloé"s3%cn@t%§£%§g§8%extau%§&gp %g%ng%gllﬁdgl,gﬁ%ué% 4s

m xtures ofhydrdphobi &gpighlemipapdie), grup)li Xt sihgles sukfacrast aiaynby @sal, kangs in
conbination with additiopal conmpounds such as one or nore al cohols as
descri bd® abwmbingtiongof syrfagiants may bg used. Numgrous gurfpctants areckngvay ythose
(including dj itk Ol S el G. K t . y out
the present TR ipitht BSeerb g MoCiilolt N AGET, ERfftiflad8. BERGR G308

-phi l'i ¢ gr ouNottl WeherdcandEdition b @d( BubliShinkp Boi, CEASI BocRAVR®BA,2 GTé Rotk,nKdd to a

C2 - phobi .g.., a.lipophili d factants that d t
contaln a ce 33D bFipies B e PaRT sulartidches Lt i CEGHE 18 €H0 1R BEN | ¢
group |inked,k@nd inbfifoRPRRRIdE (heY RIoRbLsY dlitRBRMildsC )alkinSliines® Adky)aye

surfactant may be used, or a 10 conbination of surfactants nmay be ‘uséd.
Nurrer ousl 5s ur fublonatas,salkylaryk remlfonic oadidsg sk ylbenzenes, amine acetates, amine oxides,

amines, sulfonated amines and amides, betaine derivatives, block polymers,
carboxylated alcohol or alkylphenol ethoxylates, carboxylic acids and fatty acids, a
diphenyl sulfonate derivatives, ethoxylated alcohols, ethoxylated alkylphenols,
ethoxylated amines and/or amides, ethoxylated fatty acids, ethoxylated fatty esters
20 and oils, fatty esters, fluorocarbon-based surfactants, glycerol esters, glycol esters,
hetocyclic-type products, imidazolines and imidazoline derivatives, isethionates,
lanolin-based derivatives, lecithin and lecithin derivatives, lignin and lignin
derivatives, maleic or succinic anhydrides, methyl esters, monoglycerides and
derivatives, olefin sulfonates, phosphate esters, phosphorous organic derivatives,
25 polyethylene glycols, polymeric (polysaccharides, acrylic acid, and acrylamide)
surfactants, propoxylated and ethoxylated fatty acids alcohols or alkyl phenols,
protein-based surfactants, quaternary surfactants, sarcosine derivatives, silicone-based
surfactants, soaps, sorbitan derivatives, sucrose and glucose esters and derivatives,
sulfates and sulfonates of oils and fatty acids, sulfates and sulfonates ethoxylated
30 alkylphenols, 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



skilled in the art. See, e.g., MCutcheon's Volune 1: Enulsifiers &
Detergents (1995 North Anmerican Edition) (MC Publishing Co., 175 Rock
Road, G ewORomR468N. J. 07452). Exanpl es of the major surf@crars3pypes t hat
can be used to carry out the present invention include the: alcohols,

al kanol am des, al kanol ani nes, al kylaryl 9% sul fonates, al kylaryl sulfonic
aci ds, al kyl benzenes, am ne acetates, am ne oxides, am nes, sulfonated
am nes and aarididesivatiedsataneatele thiv and wmescaptl declvatiodsy triziesyl andaloldecyy batzede

al cohol or al kyl phenpl ethoxyl ates, carboxylic acids and fatty acids, a
di phenyl sul ?%%&E’ C&gr #§ati ves, ethoxyl ated al cohol's, ethoxyl ated

al kyl phenol s, ethoxyl ated am nes and/ or am des, ethoxylated fatty acids,
et hoxylated fatty esters 20 and oils, fatty esters, fluorocarbon-based
surfact ant s, 4.dlilm ¢reakmest.er s, gl ycol esters, hetocyclic-type products,

i m dazol ines and ijidazoline derivatives, isethi onates | anol.i n- based
derivatives, |eci J{ﬁ‘]? RUTEGRY “FV_(?BP?%F%‘%E%H t‘is?/é’g I,ﬁq}“{&gaﬁ\%rﬁuaf’fﬁnﬁ?aé {ifp 10 tﬁ_e
derivatives, yr&EmBhtC 0T filfiC &b NinhatBhyéfokiRnice Ntiribyites €8t Qilferwl¥eNB&efit aht des
and derivatives, olefin sulfonates, phosphate esters, phosphorous organic

deri vat i ves, pregespiaiydtthipl fdms afley applicatioopy film ifernighiony Sackonadipids is aeteq| i c

id, d | am . f | f
i d al conate® BRSPRy A Ty o bERR LRGSO RIM e Bl

sur f act ant s, supeficoattig had itkasporepropérties 6D HR-Mad ephrtiailid Vit o tsapersidigs,
sorbitan derivatives, sucrose_ and glucose esters and derivatives, sulfates
and sul f ¥hat gateoThe folloving Phyiea) changessoccyyupon Rlasticiation] f onat es et hoxyl at ed

30 al kyl phenol's, sulf af)glgm(g @Fﬁmgbﬁmﬂf&h&%ﬂ% of ethoxyl ated al cohol s,
, S nates o

sulfates of fatty ester enzene, cunene, toluene and

xyl ene, sulfonates af PogARPEEE) vivapditynierAss, sul fonates of dodecyl and
tridecyl benzenes, sul fonates of naphthal ene and al kyl napht hal ene,

sul fonat es of pet rol*eulplymgr modulus deriease®s, sul f osucci nat es WO 03/ 084680
PCT/ US03/ 09245 -9 and.derivatives, taurates, thi o gnd capt.o .
et | vatives. tridecyl SHOSReiE Ao ehorEatds o ghe e doe A Fhertzee with
treatnents 5 The curr egdlids By Bglidodedr&lsat es to the use of liquid and
supercritical CO2 in the treatnent of films to enhance performance
attributes or ot herw sBiffesindtyi af maleculgsrio deespelymentfilmb inergas¢sms af t er
application or film foI) tion. Car.lf‘)on di oxi de d S _not ed
e Polymer g¢l transition temperature decreases
o Degree of crystallinity changes
The effects of CO2 acting on thin films leading to the physical changes above
20  can greatly enhance the properties of thin films and may replace other post film
formation treatments that use high temperatures or extended periods of time to allow
for molecular diffusion in the film and film flow.
It will be appreciated that the step of elevating the pressure of the carbon
dioxide may be carried out concurrently with the contacting step, for example when
25  the contacting step is carried out in an enclosed chamber.
Chemically amplified photoresists, typically organic polymers, are used
extensively in manufacturing of integrated circuits as transient layers providing a
framework for the construction of the circuitry layer by layer. These photoactive
resist films are typically spun onto wafers from solvents. After this application step
30 the film is typically baked: to remove residual solvent from the film, to orient the film

on the wafer minimizing imperfections (holes), to increase the adhesion of the resist

film with the underlying surface, to densify the film to reduce acid diffusion which



as a good plasticizer for a variety of organic polynmers. Mich of this is
related to the superior wetting and transport properties of the fluid,
parti cul awby3joss68he supercritical 10 state. The fol | ow ng@cphyses/eahs changes
occur upon plasticization: Polyner (film free volune increases Pol ymer
(film viscosity decreases Polynmer nodutd@-decreases Surface energy and
contact angles at the polyner (filn) interface with 15 solids or |iquids
delcr ease Diddnusad/ict ¢iswttedixhagad) Ghis bakelseppiolryfered (6 bd ajpostruppHesion bake

Pol ymer gel transitjon tenperature decreases Degree of crystallinity
changes The Bt AT hengs expageh o Pridksired wavelnedh ﬂéhghﬁ (flﬁ%tr%@ggs%w
changes abovgg: e r | ' | may
repl ace ot hel‘radlggg?)c%??'%he%gért i>réwlaet ?}gﬁgﬁk{r&ee%? rgriélgtdsegi?i&a# &ﬁgfg I(‘)If gleri%lfgin%)deﬁrsdgg E‘?es or
ext ended perligidsviofe masking othetd, ewothérobakeitepc rdferreddiof 4suthie gosti expokwre fiaken and

filmflow | il.l be appreci ated that the st of .el.evating.ihe pressure
of the oo bolPERiS R AkeY frasen far iy stapos & rmmnre e Geazed dithstoneiBE | og
step, for exgnpla BRE thrArhtthe psYHeR Gt 18h&RAll$ fAlitatifs tiRUeadtionaST the

encl osed chanber. Chem cally anplified photoresists, typically organic
pol ymers, arlghtsgenerated: agidiorebage jwithriheu festst inolymerof Thist sgefianetinpartantite s as

transi ent | ayers provi,ding a .framework~for {h onstruegtion of .th
cironitry | ooEpinaB'sraine Was in B EEHER Thdlienclf ofi 3f Hiesy' film octiyngSeps,
spun onto Welieat snfir @i St ailizéd téfh&iipilaies sapd|comdination sifethe éhehdigryf ok m i s
typi cal Inlyqbaked: to rempve residual solvent fromthe film to orient the

film onft® hestgtuse ofiths flmi depnicaHas baththeahand Haleeus detrisngntal te 1he effjgient
adhesi on of I fl ' k:ng surface, to densify the
fm o caunaRubaghiad prckas B leiBIMIRANNEE DL 505 00245 - 10 can
| ead to distortedlTheragesnt Tihveatitinlserves ap augnieit.e enteice,0onotleryizst replace
application ba e%‘h_‘ﬁ AB). After the fj(f,mis exg}%sbedﬁéo t he gﬁ_gir d
wavel engt h ot_lra I E’%I@éﬁ%’l‘rﬁ@ﬂ%ﬂoﬁl IRGOSEISEE) O _%Gﬁ@("é_‘ PPEPAC mask
exposi ng desécfv‘ﬁﬁitag&r.t | O %ll&bﬁgf 'a%)ﬁﬁéﬂ&fxsac@f 1©0,-bas3t ik tRatiRald NGe
ot hers, another bake step referred to as the post exposure bake
15  representative of the current invention.
A. Carbon dioxide based leveling of photoresist films after spin coating.
In most applications of photolithography, polymer films comprising photoresist are
spun-coated onto wafer substrates to produce a thin, conformal film. However,
during spin coating the surface of the film can become non-ideal (non-planar and
20  compositionally inconformal) in several ways; it can relay the topography of the
underlying substrate, it can exhibit waves from modulations in spin speed, coating
composition, coating deposition rate/method (evaporation), or viscosity changes, it
can exhibit composition fluctuations in depth or radius based on inconsistent
deposition or diffusion of various species. Correcting these inconformities often
25 requires a planarization process, normally carried out by raising the wafer
temperature. Elevation of the film’s temperature lowers the film viscosity and surface
tension, resulting in flow. For Example: If a spun-coat film does not adequately fill
fine features on a wafer surface, a time at elevated temperature can facilitate the flow
of the film, by capillary forces, into the small features on the wafer surface. Elevated
30  temperature also could improve the surface smoothness of the film by leveling the
lower viscosity (transiently so — at the elevated temperature) film.

During spin coating the surface of the film can conform to the topography of

the underlying substrate. This often requires a planarization process, normally carried



5 (PEB) is used. A key reason for this step is to enhance the |ocalized
diffusion of the acid (or base) through the polynmer matrix, kinetically
facilitatwogs3besss eacti on of the [|ight generated aci d or Poasesoswe2hst he
resist polymer. This is often inportant to elimnate standing waves in the
pattern. Throughout all of these fil mproékssing steps, heat and time are
utilized to mani pul ate sone conbination of the chemstry or 10 structure of
the film |reunilpakdiying hihé Wafieatempedtire.neTlds dowlers rtherdilmabist @ity remdeduirface ent
manuf act uri ng process .of ,hif?h echnq{a‘%gi fabri caﬁi on. T{ge curreg‘% i n%/ent i on
serves to aufhef®, reghifiagde flayy byt qBHIRRE dorees iR dhe small; feptyres) omEigt water
treat nent stﬁﬁﬁcgr ovi di ng processing benefits and/or film perfornmance
advant ages. The followi ng applications of CO02-based filmtreatnents are 15
representative oflnsteed ofiraismg thewedtri tomperatur€aonroeandiagsei e poessent dfelObi ng

of photoresist filns after .spiph coating. In. nost applications of .
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spin coating the surface of the filmcan becone non-ideal (non-planar and
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| evel i nglX hethe|coment inventiosi €9 fluidants emtheyresist filnato temove lexeess selvent from
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removal efficiency over traditional bake methods. This can be particularly useful for
high Tg polymers, high-boiling point solvents, and for relatively thick films (>5
20  microns, for example).

B. Post-exposure acceleration of diffusion controlled reactions. In
chemically amplified photolithography, photoacid generators or base generators are
used as localized reagents for what are typically hydrolysis reactions on polymer
functional groups. The change in chemical composition of the polymer creates

25  contrast between polymer exposed to acid/base and that not exposed and is the basis
for the formation of latent images upon development. The acid and base generators
are photochemically activated upon exposure to light or electromagnetic radiation of a
given wavelength during the exposure step. Once the acid or base is generated,
reaction with the polymer functional groups is typically facilitated by the application
30 of heat. The reaction is diffusion limited in the solid state so heat enhances the
diffusion of the reagent in the polymer phase and provides the appropriate activation

energy for the hydrolysis reaction. PEB also helps remove volatile hydrolysis



out by raising the wafer tenperature. This lowers the filmviscosity and
surface tension, resulting in flow by capillary forces into the small

f eat ures wo wslogtesmf er surface. |Instead of raising the wafrem/uSesqmenst ure,
one can raise the pressure of CO2 5 above the wafer. This will cause

swel ling of the polyner, resulting in a sl@nificant reduction of viscosity
(4 Wt % CO2 can reduce viscosity by 50%, and swelling of the film The
swel | i ng of bypeoductsnfroml the eedistr{dm asethey ate géneaatyd duning clrentibaltangplifications a
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resist film is treated with a silylation agent to react with functional groups, allowing

20  selective incorporation of silicon (or other refractory elements) into the exposed or the

unexposed region of the film. Incorporation into exposed or unexposed regions is

dependant on the chemical functionality of the resist (positive or negative tone).

Silylation is followed by a RIE oxygen plasma etch step where unprotected organic

material is anisotropically etched away providing the desired feature. This technology

25  is particularly useful for improved depth of focus over conventional photolithography
techniques.

Silicon uptake, silylation, is diffusion controlled in the thin film polymer
matrix. The current invention provides increased small molecule diffusion through
organic films. Applied to top surface imagine the current technology can enhance the

30 chemical uptake of intermediate silicon reagents. In summary, carbon dioxide

treatment of thin films with refractory elements like silicon can be used to facilitate

the diffusion in thin film polymer matrices.



energy for the hydrolysis reaction. PEB al so hel ps renove volatile
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mol ecul e di ffusion through EXAMPLEL

Removal of Residual Solvent after Spin Coating Application

A 1-micron thick film of a t-butyl capped polyhydroxystyrene polymer Mn-

10,500 was spin coated onto a S-inch wafer from a 10-wt. percent solution in

20 THF/Toluene (2:1). After a 10-minute equilibration period in dry air at 70°C, the
wafer was evaluated spectroscopically to benchmark residual solvent hold-up in the

film. The wafer was then added to a pressure chamber that was filled with CO2 at

1800 psi and 40°C. The chamber was maintained at 40°C for 3 minutes while
additional clean CO2 was added to the chamber and CO2 was removed from the

25  chamber maintaining constant pressure and temperature. Over the 2-minute period, 4
fluid turnovers was achieved. The chamber was then vented to atmospheric pressure

and the wafer was removed and analyzed spectroscopically. The film was determined

to be essentially free of residual solvent. A second wafer, spun under identical
conditions, was allowed to equilibrate in dry air at 70°C for 10 minutes before the film

30  was evaluated spectroscopically to benchmark solvent hold-up. The wafer was then
placed on a heating plate set to 100°C for 3-minutes. After cooling, the wafer was
analyzed for residual solvent content. The film showed considerable but incomplete

solvent removal. The wafer was exposed to atmospheric conditions for an additional



organic films. Applied to top surface imagi ne the current technol ogy can
enhance the 30 chem cal uptake of internediate silicon reagents. In
sumary, wardosdedd oxi de treatnent of thin filnms wth ref ragioyoekenent s
like silicon can be used to facilitate the diffusion in thin film polyner
matrices. WO 03/ 084680 PCT/ US03/ 09245 --14-D. Post- application processing
and curing of low k filns. Spin-on application of low k dielectric

mat eri al s t 03-houry dftdrnehithhér @ad again avslubtet rspe@roscadically. aSolsenti residak stasr
substrate isﬂﬁgénéig %p% tance and use in the mcroelectronics industry
(See, e.g., Wlgnotedintheing. 6 346,488; U.S. Patent No. 6,319,330). Mich
like 5 with the spin-on application of photoresist, these low k dielectric
material films undergo post-application processing, often including a
thermal processing step to cure theEXAMPLEL2 generate and seal porosity,
and to remove unwanted appliGation apd cprocessing residues. The current

t echnol og;ocan be used i Adaito LAY 5 35t application
steps to carry ouTwadnYdenticilRe pakteedent SqEREC WHEY WatheinBn-uhiTeink diuighcdO but
not limted to (1) orient the filmat a nolecular |evel thus curing the
film (2) driopegrapby evajerepige i with taheugromlye availablepphpsercsist, b vistd %ﬂ@s
control | ed VERLitiad?) dided SR pole A5, LMINAALSR: RHBESIA i
materi al s or yproéhc S. € present 1nvention istexplained In-greater
detail in ths 708C] Qe Bgrfi@topddraphlyi ofghdHlamowstherl &vadhiebddhidingla pefidborattenf

Resi dual _ Sol vent after Spin Coating Application A 1-mcron thick filmof a
t-butyl thp%fefmrgpﬁmmgywaéﬁ%enp@ﬁg%wa%rﬁ- @ne wigfer s Plased It RISMBNt 0 a
5-1nch. vaf eryd& a3yl Moo RRIAERABA 10 2404 bifnd Bo°e2 OTHE Feslal Wi faihaindok o0 AT L €1
a 10-minute equilibration period in dry air atf 70C, the wafer was ev51uated
spect r oscopi 4@ for Baninates amd the chasibduaks seitedand thel iaferpreimovedie Thé s¢oond The

waf er was then.added,to.a pressure chamhes that was filled wth C02_at
1500 pey - andWABE WA RAEH QBT VRE DR 0D e ot miDesr e S0l RSN AR o
addi tional cbegpthCRaf@swadselicdo 1H®ofhaaHRs théMdnhfonARy 0T MY &finf Mg t he

25 chanber mai ntai ni ng constant pressure and tenperature.” Over the 2-m nute
period, ¥  substantially reduced.

EXAMPLE 3

Diffusion Enhanced Chemical Reaction in a Thin Film Matrix

Two small quartz wafers were coated with a t-butyl capped

20  polyhydroxystyrene polymer and a prototpye photoacid generator, 0.4% PAG by
weight of polymer in solution. After a 70°C PAB for 5 minutes followed by a 10-
minute equilibration at 70°C, both wafers were evaluated spectroscopically to
benchmark the hydroxyl content in the blanket film. Both wafers were then exposed

to a light source of the desired wavelength and intensity for the same length of time.

25  One wafer was then placed in a pressure vessel that was pressurized to 2500 psi at
50°C for 4 minutes while CO2 was circulated through the chamber at the constant
pressure and temperature. The chamber was then vented and the wafer removed.
Simultaneous with the treatment of the first wafer with CO,, the second wafer was
heated to 50°C for 4 minutes and then cooled to room temperature. Both wafers were

30 then equilibrated in dry air for 10 minutes and then analyzed spectroscopically to
determine the relative degree of hydroxyl content. While both films showed

increased hydroxyl content in the film relative to the benchmark established after



fluid turnovers was achieved. The chanber was then vented to atnospheric
pressure and the wafer was renoved and anal yzed spectroscopically. The
filmwas wetosnsiesed to be essentially free of residual secramspoRrisecond
waf er, spun under identical conditions, was allowed to equilibrate in dry
air at 70C for 10 minutes before the film30 was eval uated
spectroscopically to benchmark sol vent hol d-up. The wafer was then placed
on a heati ngPABathe fled praredfRQGnfthe CONflndtshewed\fd arbsmataliynbighthdegrad of was
anal yzed for, residual solvent content. The film showed consi derabl e but

i nconpl ete WP EOMEMpval . The wafer was exposed to at nospheric

condi tions for anrogiddonnal iNOIHNOSAA8RBGTANIAR6D IR not 14 b3ehiRusd af ter
which it was again evaluat'ed spectroscopically. Solvent residue was still
not ed in t heasf limiingEXveofE 2The Hinvantioevis| definedf byr thepifallo®ang i elaimsppwiticat i on
Two i dent cal | att ed 5" ar.t fers.wth non-uniform surface

t opogr aphy vﬁ%“é’*%@i’i(g{c}ﬁwd'taﬁn%t%tb&ﬁﬂép%%%atﬁ?rﬁmavai | abl e photoresist to yield
films approximately 1 micron thick. Both were allowed to equilibrate for 5
hours in dry air at 70C. The surface topography of the filns was then

eval uated using a profiloneter. 10 Surface non-uniformty was seen in both
wafers. One wafer was placed - in a pressure vessel to which CO2 was added
to 1800 psi and 50C. The vessel was nmmintained at 40C for 3 m nutes and

t he chanber was vented and the wafer renoved. The second wafer was pl aced
on a heating plate at 100C for 3 mnutes then cool ed. The surface of both
wafers was profiled. In both cases the non-uniformty of the filmwas 15
substantially reduced. EXAMPLE 3 Diffusion Enhanced Chemi cal Reaction in a
Thin FilmMatrix Two small quartz wafers were coated with a t-butyl capped
20 pol yhydroxystyrene pol ynmer and a prototpye photoacid generator, 0.4% PAG
by weight of polynmer in solution. After a 70C PAB for 5 m nutes foll owed
by a 10- mnute equilibration at 70C, both wafers were eval uat ed
spectroscopically to benchmark the hydroxyl content in the blanket film
Both wafers were then exposed



to a light source of the desired wavel ength and intensity for the sane

| ength of tine. 25 One wafer was then placed in a pressure vessel that was

pressuri zwo iBos43®00 psi at 50C for 4 mnutes while C02 wasTaisvzd2as ed

t hrough the chanber at the constant pressure and tenperature. The chanber

was then vented and the wafer renoved. Slfmultaneous with the treatnent of

the first wafer wwth G2, the second wafer was heated to 50C for 4 m nutes
and then cooMHATOWHIGCH ISCRAIMEDES: Bot h wafers were 30 then equili brated

indry air for 10 m nutes and then anal yzed spectroscopically to determ ne
the relative degree of hydroxyl content. Wile both filnms showed increased

hydr oxyl content {n id } I4 er WD
031 084580 PCT/ Usos Goa a0 B Rl CR e A bR PR Pl G
showed a subfstraed omhmjicioelghtzonic ehstrateosaid mgthod)opmprismg ¢l stepbid: f or egoi ng i s

illustrative of t resent invention, and.is. not to be.construed .as
i na St her cof | CTRESTBER paIped JerRlsupForthstds i RNt g
equi val ent s fiyhbefiks adpsitddmRoh;ncl uded therein. WO 03/ 084680

PCT/ US03/ 09245 -16- THAT WHICH IS CLAIMED |IS: 1. A nethod of reducing

undesi r ed t opogr afphicenthetmgisridsubsirate tootaghasrdiexiterin gngnelagedpessel; and

m croel ectroni c subs . ai d h [ Si e, Steps. o

provi ding a pref o&ﬁeet(ljgvﬁl{@% (%%f g&?srlg%i%dgﬁgs rgaot%e(?%gylgdf °§u“o§’?‘%"a%‘éf%ﬁ{§§? rtl% a
pol ymer fil npladeiasi $adl pbiéieg dilin 4l redudt amidesigdsapographic tfeain@s tpreviauishpn

di oxide in an encl osed vessel; and (c) elevating the pressure of said
carbon difoxifqund gy said pelmmesiim. ci ent to pl asticize said polynmer filmand
reduce undesired topographic features previously 10 found in said pol yner
film 2. The nmethod according to claim1l1l, wherein said substrate is a

sem conduct or subatr dfte. M&h@ afherdirgt Hod chonol di whereio chidi sutistratehas ea n
said filmis formed froma material selected fromthe group consisting of

acrylic pol ySfBREONdUEor sypsratso| yer s,

15 3. The method according to claim 1, wherein said film is formed from a
material selected from the group consisting of acrylic polymers, styrenic polymers,
vinylic polymers, fluorocarbon polymers, siloxane polymers, alicyclic polymers,

aromatic polymers, and mixtures thereof.

20 4. The method according to claim 1, wherein said film is from about 1

nanometer to 10 microns thick.

5. The method according to claim 1, wherein said film is formed by spin
coating.
25
6. The method according to claim 1, wherein said carbon dioxide is a liquid

during at least a portion of said elevating step

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

30 supercritical fluid during at least a portion of said elevating step.

8. The method according to claim 1, wherein said carbon dioxide is a gas at

least 900 psi and 100° C during at least a portion of said elevating step.



vinylic polymers, fluorocarbon polyners, siloxane polynmers, alicyclic
polyners, aromatic polyners, and m xtures thereof. 20 4. The net hod
accor di ngwba3mB4sem 1, wherein said filmis fromabout 1 mamarses/e4so 10
m crons thick. 5. The nmethod according to claim1, wherein said filmis
formed by spin coating. 25 6. The net hodlaecording to claim1, wherein
said carbon dioxide is a liquid during at |least a portion of said

el evating step 7. The method according to claim1, wherein said carbon
dioxide is a 30 supercritical fluid ﬂuring at least a portion of said
el evating step. 8- The mathofoercarding @i lgim & frthencompriyng e stepnfelevatipgn

di oxide is . i ﬁx%g J ; ortion of
sai d el evat ?trlllgq%? p?tubi) %7%%%60@?1%%? EJSO %&%Eh B?r{@hgk?z_ﬁ}ﬁ%te%@hod
according to claim1l1, further conprising the step of elevating the
tenperature of saj rbo i oxi de durin t | east ort.ion of said.step
(&5 18 “The melhodhagiar ssorreoainif where wiiisimiidopadnrus
topographi ¢ ¢heRAlieSel&dt&d BEMARE Sdup cOMidtHG AHBHR a6@RAVEL I Ng of pores and
waves. 11. A nethod of increasing the density of a polyner filmfornmed on a

m croel ectronic substrate, said nethod conprising the steps of: 10 (a)
providing a prefo d, mcroel ectroni.c bstrate, .said substrate having a
polymer film depoimae‘ﬁ Tﬁ%‘?iéﬁ; mgrgwg%ﬁﬁ%@ppﬂ@ g%\ladp 1B ?12\ eEOPBe‘?é)rnb%n

di oxi de in ami@b&EAfoRsL JBSEAL, sarlNHeth6d cehpisihg fie stdps opr essure of said
carbon dioxide for a tine sufficient to plasticize said polynmer film and,

then 15 X&) opt i otRiprgvidiae reepisfonged meicipelesgonie sbsyatedsaidspnratn bingeat o
clai m 11, wy SFRTE gBlesh@ BeRBhYC™L 'Ll conductor substrate. 20
(b) contacting said substrate to carbon dioxide in an enclosed vessel; and
(c) elevating the pressure of said carbon dioxide for a time sufficient to
plasticize said polymer film and; then
15 (d) optionally decreasing the pressure of said carbon dioxide to increase the

density of said polymer film.

12. The method according to claim 11, wherein said substrate is a
semiconductor substrate.
20
13. The method according to claim 11, wherein said film is formed from a
material selected from the group consisting of acrylic polymers, styrenic polymers,
vinylic polymers, fluorocarbon polymers, siloxane polymers, alicyclic polymers,
aromatic polymers, and mixtures thereof.
25
14. The method according to claim 11, wherein said film is from about 1

nanometer to 10 microns thick.

15. The method according to claim 11, wherein said film is formed by spin

30 coating.

16. The method according to claim 11, wherein said carbon dioxide is a liquid

during at least a portion of said elevating step



13. The nmethod according to claim1l, wherein said filmis fornmed froma
material selected fromthe group consisting of acrylic polyners, styrenic
pol ymer s,wows/ogd6Be pol yners, fluorocarbon polymers, sil ox®aa/ysosyimes s,
alicyclic polyners, aromatic polyners, and m xtures thereof. 25 14. The
met hod according to claim 11, wherein sard8filmis fromabout 1 nanoneter
to 10 mcrons thick. 15. The nethod according to claim1ll, wherein said
filmis formed by spin 30 coating. 16. The nmethod according to claim11,
wherein said carbon dioxide is a ljiquid during at |least a portion of said

el evating step WOl 03/ Bwamgthopercordmy troslagn 11, wherein spich carbom dipxads &y @i ng
to claim11, j J : Lax] [£Sai itical fluid during
at least a p%%%ﬁfcglfﬁgg%ﬁ@ge}\c}g%s?hgégg)ggf%?afé%{?’ﬁ%&%%t hod according to
claim1l, wherein said carbon dioxide is a gas at |east 900 psi and 100 C

during at_. | east a tion, of said elevating step. 19. The t.hod accordin
Lo ol 3 m3L. 1 urt Hor EGREMPCAEGT NG CHBER O WA B SFIb g R g Srn B of
sai d carbon %h&@o@gs{jﬁgl - Bladrf2g% legstng;;f&rﬁ&f'oﬁaﬁcﬁé’ik%tﬁlﬁ%& .10 (c). 20. A

met hod of enhancin adhesion o ymer mto a croel ectronic
substrate, said nmethod conprising the steps of: (a) providing a preforned

m croel ectronic sypstrate, sajd substrate having.a, K 15 polyner film
deposited ther eon?g'( bgfﬁ%dﬂ?ﬁ%{ iaﬁborg‘é‘gdtos Glsgpy Lﬂeﬁm%éf”g‘@ﬁg‘&gow e wfan

encl osed Ve?@l_@lzaitir%r{ﬂe (&ﬂpe‘?it&x’é%fisﬂﬂl dabSonPdiB Ry rdﬁ_riﬁé aBRAH aGRITRE ofléaReX ist@ﬁ for
atinme sufficient to plasticize said polymer filmand enhance the adhesion

of said ¥ | m{c)o said substrate. 20 21. The nethod according to clai m 20,
wherein said substrate is a sem conductor substrate. 22. The net hod
according to claim 20, wherein said filmis forned froma nmateri al

sel ected fromthe2group fRMSHSbLF Néhh@hciAEr thei GdIRBINMMBF Sa Sdlymheni filmPabyger s,

microelectronic substrate, said method comprising the steps of:

(a) providing a preformed microelectronic substrate, said substrate having a
15  polymer film deposited thereon;

(b) contacting said substrate to carbon dioxide in an enclosed vessel; and

(c) elevating the pressure of said carbon dioxide for a time sufficient to

plasticize said polymer film and enhance the adhesion of said film to said substrate.

20 21. The method according to claim 20, wherein said substrate is a

semiconductor substrate.

22. The method according to claim 20, wherein said film is formed from a
material selected from the group consisting of acrylic polymers, styrenic polymers,
25  vinylic polymers, fluorocarbon polymers, siloxane polymers, alicyclic polymers,

aromatic polymers, and mixtures thereof.

23. The method according to claim 20, wherein said film is from about 1
nanometer to 10 microns thick.
30
24. The method according to claim 20, wherein said film is formed by spin

coating.



25 vinylic polymers, fluorocarbon polyners, siloxane polynmers, alicyclic
polynmers, aromatic polyners, and m xtures thereof 23. The nethod accordi ng
to clai me0,03mkssei n said filmis fromabout 1 nanoneter PCO/US03/0H2¢F ONS
thick. 30 24. The nmet hod according to claim 20, wherein said filmis forned
by spin coating. WD 03/084680 PCT/ US03/ 909245 -19 25. The nethod according
to claim 20, wherein said carbon dioxide is a liquid during at |least a
porti on of said €l%VHid methsd eqo2ding Thdaimefbocheaeiaaaidicathohaliadide madijuid
wherein said carbopn dioxide is a, 5 supercritical fluid during at |east a
portion of <Hrmeat 3 pytien ghsaidelev St hod according to clai m 20,
wherein said carbon dioxide is a gas at |east 900 psi and 100 C during at
| east a portion of said elevating step. 10 28. The net hod according to

cl ai m 20, further2&orfheimethgd taheordingptooflaine |28y athieregn tshid caebqredmidecisod sai d

car bon dioxi de dur.i at .l east .a porti.on of .sajd ste (c). 29. A nethod of
accel er ati ngsuaerrc’é‘H‘éEﬁ&B‘ﬁ& fiyring aﬁ(gqa\?ﬁ%poqlpp ﬁ??‘%&ﬁj@&m&g *P-15 ni croel ectronic
substrate, said nethod conprising the steps of: (a) providing a preforned
m croel ectronic substrate, said substrate conprisin a substrate having a

pol yner fil m depod.llg metkedeasgording toccdaimadd, ivhgraim said garpoa dliqxidecisanas at
di oxi de i d |, with at |east hemi cal i nt di at
Orosent | SPeRIPb BRGa1B; Ptk 1B ARl R FORPRE s, ™ S0 Bk S

pol ymer film and said carbon dioxide, to thereby facilitate a reaction in
said polynmer film and (c) elevating the pressure of said carbon dioxide
for a tilde suffi ci&®ntThe meghndepenordiag ttheclaint {305 fortherr cempiising thester ehe

Ceact|on i n SaTHp s euibep P St Tifoc b L EERY nBERRL IR Bon,

wher ei n sai dcghem cal internediate is

29. A method of accelerating a reaction in a polymer film formed on a
15 microelectronic substrate, said method comprising the steps of:
(a) providing a preformed microelectronic substrate, said substrate comprising
a substrate having a polymer film deposited thereon;
(b) contacting said device to carbon dioxide in an enclosed vessel, with at least
one chemical intermediate present in either said polymer film, said carbon dioxide, or
20  both said polymer film and said carbon dioxide, to thereby facilitate a reaction in said
polymer film; and
(c) elevating the pressure of said carbon dioxide for a time sufficient to
accelerate the diffusion of said at least one chemical intermediate in said polymer film

and thereby accelerate a reaction in said polymer film.

25
30. The method according to claim 29, wherein said chemical intermediate is
contained in said carbon dioxide and is selected from the group consisting of acids,
bases, catalysts, and water.
30 31. The method according to claim 29, wherein said reaction is a hydrolysis

reaction, a condensation reaction, or a neutralization reaction.



contained in said carbon dioxide and is selected fromthe group consisting
of acids, bases, catalysts, and water. 30 31. The nethod according to

cl ai m 29, wolmsneieno sai d reaction is a hydrolysis reactionpca/cosaeasati on
reaction, or a neutralization reaction. WO 03/084680 PCT/ US03/09245 -20
32. The method according to claim29, whef@in said polyner filmcontains
said chemi cal internediate. 33. The nethod according to claim 32, wherein
sai d chem cal i nt&>.ndiHe ahethodsaccordingbmtiaani2?, ghneiasad poBinerHilen peithiasl
according to gg%inL%ah wherein said substrate is a sem conductor
substrate. 1¥dghemital infermpedinteccording to claim 29, wherein said filmis
formed froma material selected fromthe group consisting of acrylic
polynmers, styrenic polyners, vinylic polyners, fluorocarbon polyners,

si | oxane pol ymer s33.alhepethiod apedrdmgrts claimr@pmhersipestid aeangicaladngrmedinigrie s
thereof.515 Sﬁ%tThe nethqd according to claim?29, wherein said filmis from
about 1 “nar®RIYIRC BEOERAGE ¢ ons thi ck. 37. The method according to claim
29, wherein said filmis formed by spin coating. 20 38. The net hod
according to claim29, wherein said carbon dioxide is a liquid during at

| east a portion o}4-sailbeemethadi aepording 99 claiihe2%e tSteimc@lst dubgratd il @i m

29, wherein [: I.oxide is a 25 supercritical fluid during at
| east a port%%hg% é@?%ﬂgkééating step. 40. The nethod according to claim

29, wherein said carbon dioxide is a gas at |east 900 psi and 100 C during

at least,  a portion of said elevating step. 30 41. The t hod. according to
clai m 2910 f ur t her 3% orpeinstheyl aecerding fo glim 2 e%l‘?’l’eﬁbs?ﬂgﬁ{neﬁrf@%? frampf sai d

car bon di oxi j amof rSaid: (Ol VR 4680
DO g/ on gt Sl Pt RoRPEbhsiingof ethicSfotfnelsCdeyreid BotyRRAS
vinylic polymers, fluorocarbon polymers, siloxane polymers, alicyclic polymers,

aromatic polymers, and mixtures thereof.

15 36. The method according to claim 29, wherein said film is from about 1

nanometer to 10 microns thick.

37. The method according to claim 29, wherein said film is formed by spin
coating,.
20
38. The method according to claim 29, wherein said carbon dioxide is a liquid

during at least a portion of said elevating step

39. The method according to claim 29, wherein said carbon dioxide is a

25  supercritical fluid during at least a portion of said elevating step.

40. The method according to claim 29, wherein said carbon dioxide is a gas at

least 900 psi and 100° C during at least a portion of said elevating step.

30 41. The method according to claim 29, further comprising the step of

elevating the temperature of said carbon dioxide during at least a portion of said step

(©).



-21 42. A nethod of accelerating the inpregnation of an imagi ng agent into
a polymer filmformed on a mcroelectronic substrate, said nethod

conpri si yotobessBeps of: (a) providing a preformed m cro@Ceaisodon2es
substrate, said substrate having a 5 polymer film deposited thereon; (b)
contacting said substrate to carbon di oxrdé-in an encl osed vessel in the
presence of at |east one refractive el enent-containing i magi ng agent; and
(c) el evating thedhr ¢smetivdodf smiktratmghtbe itipreghatéorf off am ihageg agéiti iniceat t o
accelerate th diffﬁﬁion f saidﬁgﬁ | east Bne refracthv el emrent - cont ai ni ng
i magi ng 10 BY¥WEr 11l fragd gngdpiereslectiopi subsiratersaid RagthftiCoRRIbIRg Mg StBS ¢l ai m
42, wherein gaid refractive el enment- containing i maging agent is a
silylating agent. 15 44. The method according to claim42, wherein said
substrate is a s@xipcovidingtaoprefarhnstl rmiceoeletfronithabatedte,omidh sehstraiengpving 8l ai m
42, wherg n sqid f%*nhis formed froma material selected fromthe group
consi stimg oPOERFLAR ARASUFEIPETOs vy eni ¢ pol yners, 20 vinylic pol yners,

f1 uorocarbon pol y{greentasiin®¥a0 SubQtaté e Sarboh idosGdd th RPleMETBESRL vesslOBthe C

pol ymers, and m xtures thereof. 46. The nmethod according to claim 42,

wher ei n sai dpesdnes pEatileastropgisiactive elementeoataining TugNEAESAL 2pki ck. 25 47.
The method accor dj, %%%v%ng%%én&)?gs’suﬁéhgf ?élﬁmusagléoqx IC/l\Jr? WBe! for! 2HIRT SO RRE o

coating. 48. The cording to clal erein said carbon di oxi de
is a liquid acdleehts itig difuslopastt sa#id p0édsoone frefaitide all@naiticogtaiiieyp i8ginghe
nmet hod according to c¢laim42, wherein said carbon dioxide is a
supercrilq ca?gepglﬁtcﬁsad@lp?lﬁ@eéﬁlmeast a portion of said elevating step. WO
03/ 084680 PCT/ US03/09245 -22 50. The nethod according to claim42, wherein
said carbon dioxide is a gas at

43. The method according to claim 42, wherein said refractive element-

containing imaging agent is a silylating agent.

15 44. The method according to claim 42, wherein said substrate is a

semiconductor substrate.

45. The method according to claim 42, wherein said film is formed from a
material selected from the group consisting of acrylic polymers, styrenic polymers,
20  vinylic polymers, fluorocarbon polymers, siloxane polymers, alicyclic polymers,

aromatic polymers, and mixtures thereof.

46. The method according to claim 42, wherein said film is from about 1
nanometer to 10 microns thick.
25
47. The method according to claim 42, wherein said film is formed by spin

coating.

48. The method according to claim 42, wherein said carbon dioxide is a liquid

30  during at least a portion of said elevating step

49. The method according to claim 42, wherein said carbon dioxide is a

supercritical fluid during at least a portion of said elevating step.



| east 900 psi and 1000 C during at least a portion of said el evating step.
5 51. The nmethod according to claim42, further conprising the step of
el evat i ngwolva/osessper at ure of sai d carbon di oxi de during atPClrasss/og4porti on
of said step (c). 52. A nethod of cleaning a low k dielectric materi al
filmformed on a 10 microel ectronic subs2?ate, said nethod conprising the
steps of: (a) providing a preforned m croel ectronic substrate, said
substrate having a low k dielectric material film deposited thereon; (b)
contacting said subﬁﬁrate to carpon di oxi n an egcl sed..vessel ; and (c)
t

[
el evating the presduhs mithedacgo %Wlﬁhﬁb%e’d@el“iﬂl sal ndipxide [sehgasiah
clean 15 saj.g..fol : 1068 : I . | wherein said
substrate i sfegSt 9@&%%%%&8@ grd@%ggﬂegfcgﬂfo%&g%f éelé\;r?e@i}lg?)?paccor ding to
claim52, wherein said carbon dioxide is a liquid during at |east a

portion of said elevating step. 55.. The nethod according tao claim52,
wherein 9aid carboh dfekihq a&"or@ﬂﬁe‘i"cf’liatni‘c‘&’ ﬁ‘ﬁﬁ?rdc Prisige dhe | e f 5

portion of sgj J : ThE: [WpTan i 2,
Mherein sai dosaBENEIEARGRNERT s Ron pIE N, AEM S AL CRLES o

| east a portfcpn of said elevating step. 57. The nmethod according to claim
52, further conprising the step of 30 elevating the tenperature of said
carbon di oxide during at |east a portion of said step (c). WO 03/084680

PCT/ US03/ 09245  -5823 AS5@ethéd r&té_l%iﬁ% aClew ROdidleb@NY Hadtial Elh! fopmb@toar hal
filmfornmed on a mcroelectronic substrate, said nethod conprising the
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el evating t hpwk aRfdetre htefdi filncdupbsiteddhersosie for a tinme sufficient to cure
(b) contacting said substrate to carbon dioxide in an enclosed vessel; and
(c) elevating the pressure of said carbon dioxide for a time sufficient to clean

15  said film.

53. The method according to claim 52, wherein said substrate is a

semiconductor substrate.

20 54. The method according to claim 52, wherein said carbon dioxide is a liquid

during at least a portion of said elevating step.

55. The method according to claim 52, wherein said carbon dioxide is a
supercritical fluid during at least a portion of said elevating step.
25
56. The method according to claim 52, wherein said carbon dioxide is a gas at

least 900 psi and 100° C during at least a portion of said elevating step.

57. The method according to claim 52, further comprising the step of

30 elevating the temperature of said carbon dioxide during at least a portion of said step

(©).



said film 59. The nethod according to claim58, wherein said substrate is
a 10 sem conductor substrate. 60. The nethod according to claimb58,

wher ei n swod3os4eBon di oxide is a liquid during at |east acparsvs/onddf said
el evating step. 15 61. The nethod according to claim58, wherein said
carbon dioxide is a supercritical quid-agring at |east a portion of said
el evating step. 62. The nethod according to claim58, wherein said carbon
di oxide is a gas %8. Aetmsthoe%)f peiingadlaldk Qideotriingnaieridlefibh farmpat tonoa of
said el evating step 3. The rretH accord| to cl.ai m 58, further

conpri sing t’P?écr%‘?l%‘;Sm&fcs ?té*\}%tts?’r‘}dn‘f 8P 9Fai d carbon di oxi de
during at |east a(aﬁ’g%\h&lﬁ of %éﬁirgleﬁtxﬁieroeﬁé\&rom%%ugétratg h&ld@ﬁﬁ}ﬁgteal%ﬁ{gdhng to

cl ai m 58, wherei d cu step includes generating pores in said |owk
di el ectric niawek diglecfrid materlal film deposited thereon;

5 (b) contacting said substrate to carbon dioxide in an enclosed vessel; and
(c) elevating the pressure of said carbon dioxide for a time sufficient to cure

said film.

59. The method according to claim 58, wherein said substrate is a

10  semiconductor substrate.

60. The method according to claim 58, wherein said carbon dioxide is a liquid

during at least a portion of said elevating step.

15 61. The method according to claim 58, wherein said carbon dioxide is a

supercritical fluid during at least a portion of said elevating step.

62. The method according to claim 58, wherein said carbon dioxide is a gas at

least 900 psi and 100° C during at least a portion of said elevating step.

20
63. The method according to claim 58, further comprising the step of
elevating the temperature of said carbon dioxide during at least a portion of said step
(c).
25 64. The method according to claim 58, wherein said curing step includes

generating pores in said low k dielectric material film.



