;e3e u; r6678@z:6:T;JT G/~ 1 4 JUG Q002 1 SPI N COATI NG METHOD 7 A?
APPARATUS FOR LI QUI D CARBON DI OXI DE SYSTEMS Field of the Invention The

present invention relates to spin coating nethods and appar at us,'}'l @@i@ﬂ
the need to use volatile organic solvents to carry or dissolvelt e 319
material is obviated by the use of liquid carbon dioxide. 5 Background of
the I nvention The mcroel ectronics industry is dependent upon spin coating
for the deposition of uniformthin filnms on various flat substrates,
including silicon wafers for integrated circuits and gl ass f

opt oel ectroni c devices. Spin coating processes to typically IWWM &MMIMI
injection of a liquid coating onto a flat substrate that is rotatl

high rate of speed such as several hundred to several thousand RENES™ A spin

coater operates by spreading a thin liquid layer (liquid coa )
on a substrate using the centrifugal force of a spinning sub Mlm’mmmf
spreading liquid |layer then fornms a fairly uniformfilmafter evapora
that covers up and planari zes topol ogi cal 15 unevenness IeaV|ng Zhol e
free films. The liquid coating solution is typically, conprised of a
material that has low volatility such-as a polyneric material or an

ol igoner. .These low volatile materials are then dissolved in a volatile

liquid solvent or liquid solvent mxture. The volatile liquid solvents are
typically volatile organic solvents (VOC), chlorofluorocarbons (CFC),

hydr ochl or of | uorocarb and

per fl uorocarbons or %?ﬂzﬁéNMﬁ g‘%gﬁmmf@?{one ( MEK) ,

et hyI acetate, chloroform QYUENECARBONDPIOXIDESESTEMSN- 11 3, al ~~~~~~ i~
~~ ~Qg-j ~~~ ~~ ~ ~, S~ EBE~ ~aa2 2 Freon-22, Freon-134a, Freon-227,

per fl uoronorpholine, etc. The liquid coating solution then thins in a
fairly uniformmtter across the spinning flat substrate and the excess
liquid coating solution falls off the edge of the substrate and is

collected. The thin film of |iquidfichhof the Iagéntioron that is retained on the

[ fl I h f
otating flat subgirate s Comtimues Lo YAROLALE LERANG LS I E T

the need to use volatile organic solvents to carry or dissolve the coating material is

obviated by the use of liquid carbon dioxide.

Background of the Invention

The microelectronics industry is dependent upon spin coating for the
deposition of uniform thin films on various flat substrates, including silicon wafers for
integrated circuits and glass for optoelectronic devices. Spin coating processes

10 typically involve the injection of a liquid coating onto a flat substrate that is rotating
at a high rate of speed such as several hundred to several thousand RPM. A spin
coater operates by spreading a thin liquid layer (liquid coating solution) on a substrate
using the centrifugal force of a spinning substrate. The spreading liquid layer then
forms a fairly uniform film after evaporation that covers up and planarizes topological

15 unevenness leaving pin-hole free films. The liquid coating solution is typically,
comprised of a material that has low volatility such as a polymeric material or an
oligomer. These low volatile materials are then dissolved in a volatile liquid solvent
or liquid solvent mixture. The volatile liquid solvents are typically volatile organic
solvents (VOC), chlorofluorocarbons (CFC), hydrochlorofluorocarbons (HCFC),

20  hydrofluorocarbons (HFC), and perfluorocarbons or mixtures thereof such as methyl

ethyl ketone (MEK), ethyl acetate, chloroform, toluene, isoamyl acetate, Freon-113,
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|l ow volatility. The filmtypically is conprised of a polynmeric materi al
(such as a photoresist, interlayer dielectric) but other naterlals \ggqgmﬁp
be deposited in this way such as | ow nol ecul ar wei ght conpounds (adh
pronoters, antireflective coatings) or sot-gel precursors. 1o Sonetines a
spin coating apparatus is used to renove a substance froma substrate. Fox
exanpl e, to devel op an exposed photoresist pattern, a liquid solvent is
injected onto a substrate that is or will be rotating at a high rate of
speed. Thi FrédreRn,dF&ohMen, Eﬁanahenpdﬂssmm&pﬁdmede&l radxesub;mﬁamangff t he
rotating substrate effectlvel novi ng t he sybst ancge f the rotating
substrat e. SeBtigpithendBipsimg méyan Frm/@ater %f@ﬁg}ww%ﬁ%uﬁw ‘gﬁt s for
a |arge porehtQg mtudtéaﬁuﬁg@m@ﬁor?fahysmﬁeba/ el dPendThubsRAL 864 1R IkSelNdUSL Y.
Accordingly, there remains a need for spin coating nethods and apparatus
that r educéhmr filoh jofi lirptid cohting sedutddn YW@C,is @Ztanecﬂ-lmhel-ﬂ@un@r flgFobsisateent s

20 Su thelnventlo A fir aspect 0 esent nis a
opi - codt gt 6 AP Terine Aehipa BBl Bl B P UL o s
conpri ses dowresallite. VERSEIm Bdidally iaonpataaseth pbBmeik hirerisl @uctaad dr nt abl e
for rotating a substrate p05|t|oned in the encl osed chanber; a |.iquid

di spenser torssistcigteriayerbicledtae)gut gthen mptraialsigp ARoRs ePPﬂE? An $Hs ¥ayhon

di oxi de |i qui nigda r e e Qi bikidhstd

comuni cat fbgn}gwé%t rl16v?hrenofédg%|} agllggtpggglgau%r @?‘%5?‘395‘?@3 éar bOIllr di édee
liquid ._ Toeticgspar saligsl prgpirsersl y i ncl udes a pressure controller

oper at i \6el y ass | ated w th the.chanber, that g af mai nt ai g*bs regsure W thin

the challber at ABSHTHGE FRM1GAHH 2PRAMA 1L UedS SOPNE 2 PesEnt

invention isab&rai®i PorCéxatiply) torevens. dea@oév’eﬂ pmtdaeﬁsthaﬂam s tiguidpplvwhng a
carbon dioxide liquid to surface portion of a substrate; and then rotatlng

t he subst rdflléc'ééé’ﬂfo wbassatg tha l-awswl. hﬁfp@tma@tea%aborﬁteonfm% Tglingidon t he
substrate. sanP@&m@n%égmvé%é bt sBIaRE off &Eraopaﬁhgquw&aw@ff&ﬁbayr ate as
a carrier, for the purpose of depositing a material stch as a coatifng on
the subst r aemoving theisibsianes Oﬁhéthemtbm -‘d\b@mtde l'i qui de can be distributed
on the substrat 002 3
for t hel%pur pose%ﬁs%tﬁﬁi \[’(?iz%?ﬂﬁlagt éteglsw rocess and accéunts for aT nétei)o}tjlolrndofz

previ ousl y ttemssiof edlverts thiyeths mnf;mebctwmd:mmdasﬂ'yst muecdm‘gl}e thare egoaing aand

ot her objects.and aspects of. t resent i.nvention are expl ai ne greater
det ai 1 1 i6ed Htasiin Gaatg Brthodhaat eHeae e 1e0uts Ghe CBPSt B HoBbi S s

Brief Descrept]ROFef HFOSoPR@sAUStEI gure 1 is a side view of an appar at us
of the present invention. Figure 2 is a side view of a second enbodi ment of

an apparatus of the present
20 Summary of the Invention

A first aspect of the present invention is a spin coating apparatus for applying

a liquid to a substrate. The apparatus comprises a pressure vessel having an enclosed

chamber therein; a turntable for rotating a substrate positioned in the enclosed

chamber; a liquid dispenser positioned in the enclosed chamber for depogiting a

25 carbon dioxide liquid on that substrate; and a pressure reservoir in fluid

communication with the liquid dispenser for storing the carbon dioxide liquid.. The

apparatus typically includes a pressure controller operatively associated with the
chamber that can maintain a pressure within the chamber at about 100 to 10,000 psi.

A second aspect of the present invention is a spin coating method. The

30 method comprises applying a carbon dioxide liquid to surface portion of a substrate;

and then rotating the substrate about an axis to distribute the carbon dioxide liquid on

the substrate. The carbon dioxide liquid can be distributed on the substrate as a

carrier, for the purpose of depositing a material such as a coating on the substrate. In

addition, the carbon dioxide liquide can be distributed on the substrate as a solvent,
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invention that maintains a differential partial pressure of carbon dioxide
between 1 o carbon dioxide in the chanber atnosphere and carbon di oxi de

| i qui d deposited on the substrate. Figure 3 is a schematic view of a tﬁifﬂ
enbodi ment of an apparatus of the present invention, including a T boedh 2002
devi ce for exchanging substrates w thou opening the main chanber. is
Detail ed Description of the Preferred Enbodi nents Carbon dioxide is a gas
at standarglpressures an tﬁ’gﬁetatur,es. One feature of a Sﬁi n_coat i p)g
appar at us o tthe BRSSP isaiHbMiZing HissOlWRgopirergPYing  haPathy BXVIBNII oxi de
systemis Rlpydid@dntile hMcsUPRLAbSaRs a liquid. This is necessary because
the 20 liquid nust spread on the spinning substrate and the volatile
conponent s nust Theafroegaing fandmthdreobjedis tandt aspeassiwif rihe (pe¢sentd Inviaetion are
non-vol atile film.formn terial. Were the r bon. di Oxi ' ilized as
2ol vent . ety Bl R Bl I8 Ifrevings Bt el SRAGEN 87 S bbom
evaporasing too quickly to renove the conpound to be renpoved fromthe
substrate. 25 An apparatus f he present invention is
illustrated in Figure 1. -_ D€ 12638HDPYH PFAWIBES pressure vessel 10

havi ng an encl o .11t het. The iece is.a substrate 12 that
] %g'ﬁpéqﬁﬁ%%d e{'vrb‘?#g %%t:ﬁgto r@g n%%@qn{,&%)tﬁgw tabl e substrate

[
is positioned in e encl osed cha gpp
can be enpl oyed,Fignod 2t axjddviewnefta decond edbddimehtastsn, apparnmsiof the present
sem conduct.or material s, such as..sili.con wajers, conpact discs, etc. In 30
general , tHBVeé’lﬁ‘Bgtli‘%tt BInine aag‘&%‘a‘??gﬁpf’%‘iﬁfe?%% %gcrafcl?%dioéldﬁebe[t}"gea’i ed. A
turntabbe kdrdonaioxiQé af e chiBb&HARbSFHeR: Al daftointdigige livhiti e Posite@ ofild Osed
chanber, with the turntable being conprised of a holder 14 and a spinning
nmechani sm (s#bgrate.a notor or motor and drive system) 15. Any spinning
mechani sm can beg; redM LN S £y, / i ons
per mnute bei n?'ggg‘% gﬁgq Sfﬁ%’“f}bcl pgr%d;gﬁ ?ﬁg@) g@égai%gbgg%?ﬁgggmﬁt@’%lfﬂﬁé ~J
2002 4 subgfresshe ifwendbfh,f archrlingla pstesisuderitec dsts exdndgiag diubbeatentwitlout
pressure control 16, thys serving as a holding or retaining neans for
securing t IfPeRRELRs Dam fle turntable while the substrate is spun about
the turgtabl e axis, but the substrate could be held in place by any
sui tabl e neans, such as pins, clanps, adhesive, etc. Miltiple substrates 5

can be provided on a fefajied Peserp of thePreferred I 8. Patent No.
4,640, 846 (the di : [ [
to be incoSpo?a?d(:a%géurg?}gﬁgd%ﬁgglgg%%crs({aér?ggsfﬁig |eaU|%%§ﬁJs%gaZ§1r§g'lrb§éijféla§&gw e

posi ti oned a spihhmating |appardtus hafihrther pratemv éntdndos b saacatdngy thatithel tarbam
deposit a carhqn dioxi.de |igyid on the substrat hrough val ve 10 to
novste. 16, GOTBsLE it Bodidhiit tisbaReE RS Atag e TF B eara tetwedtip i s
| ocat echooutifguitt rdistt SpeeadnaiBe piFhing sibstfate! bfld GREMONHtIES tcoMPodntd ninkte

| i quid dispenser by lI'ine 31, under contr ol val ve 32. A pressure punp 40

(e.g., a sy&RPRjateplion be sabsiraip inesipg brbind %snownl@ﬂ@ dYmeiorming magrer by

)l ine 41 andwyalMfe 82bbR dR)EYASBiliD&I as a solvent, this is also necessary to prevent the

carbon dioxide from evaporating too quickly to remove the compound to be removed

from the substrate.
25 An apparatus for carrying out the present invention is illustrated in Figure 1.
S The apparatus comprises pressure vessel 10 having an enclosed chamber 11 therein.
The workpiece is a substrate 12 that is positioned in the enclosed chamber for
treatment. Any suitable substrate can be employed, including but not limited to glass,
ceramic, semiconductor materials such as silicon wafers, compact discs, etc. In
30 general, the substrates have a planar top surface portion to be treated. A tumtable 13
that rotates the substrate is positioned within the enclosed chamber, with the turntable
being comprised of a holder 14 and a spinning mechanism (e.g., a motor or motor and
drive system) 15. Any spinning mechanism can be employed, with speeds of about 10

to 10,000 revolutions per minute being typical. The holder illustrated holds the
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pressure within the chanber to a suitable operating pressure, as ﬂj ﬁ ed
bel ow. 15 A pressure transducer 50 is connected to the chamber] byv '\?% 1.
The pressure transducer is operatively associated with a pressure
controller 52 for controlling valve 53, #hich allows the atnosphere within
t he chanber to be vented in a controlled manner as needed by |line 54. As
w Il be appreciated, since the chanber is a closed system once an initial

pressure i sSeskiate/by diferemtiat graseure Headsh and erdifferentiyr Rressyree cairoh Uibp U5, as
addi ti onal [ Al ] r i QX I CLLL i i into
t he chanber g&tﬁlﬁl s%u?ér% g{ﬁ@é’ %gg%ﬁxkx}éngggxe?x&ngogssgéhg@ glgg#llb%éat% ?i? %ﬁ#ﬁ?ﬁlg 54 to
mai nt ai n t hevhileshe abspaeds spun. abdupthel tumtabtambs rbud ilexsutsrdte qaild béheldsin
provided in_the, chanber, which poql nay be drained, by Ii 61 and val ve 62.
Blch & pool PIFSS DREMSEERBMER, O Sioes e BfERearcp OLORa B e
carbon di oxcalebd Bt &g sinpRULFtARDR I de&dibed id ES ShHaGH NY. @ IR 46NELe

at nosphere in the chamber, as discussed bel ow. |f desired, the [ qui d

di spenser 1disclosurts of eHdbS cBatbrdrefgrancedeitdd pngin areatocbe ingorpotajadelerein Wt her
conmpound to t}g m'éssed with the liquid and deposited on the substrate can be
separately & ﬁ?&ﬁ éd onto the substrate where it is thereon mxed with the
30 liquid. I'n addi tliquid dispendet W% ds Posipionsd fin NheE Zdnelosdy chemb@rdiabéved tlieo

control the shape or rate at whjch the liquid is dispensed, tg?%dgﬁscri bed in
U. S. Pat ent Ssirate spothabiggan denqsit @ Grbandigyide Aapigrpn e subygie delye qui d
is applijgd t SWr i : 2ah

i sponsey 198 B80S H P BRERRG AP ol R ORESH ol O S6eated
~~fa zooz awhtsidemf the chranbenand jsas fluideaughnicatonswits thediqu)d dispatiserthyi linet e t he

car bon di oxi,de_liqui don,the top,surface portion the substrate. |f

Gosi red. tndlh PaiToaHER 58 A ED AT e et RREF D R B A A R 57 or
renmai n st at idphtagnt PROEPIR. cohéctedl etht @Harberttymbieef 104R1 walVa il RPelesate the
initiated, as descrihed in U 'S. Patent No. 4,281,057 tq, Castell ani

et 5al . Ei t hePrespuepyigsin themhpmberdeo s sytabla operpiing pisssuss, ap disrepsedBelpwt at i ng
step argegarried 1 i Lar

at m)sphggi C pres %?{; ‘#%gé‘%gpg{rs%\?my% ﬂeﬁtghgcr?g%g g%&gﬁl&n@"{lﬁ% %ﬁa%}eﬁgf eng

el evat ed by tmnsdueesis opbrativel? @sgpoiataiswith a peessure comtrdilef P2ifpr eqmtrodirg, G0¢ or

10, 000 psi 5'ghe

From - 55 07 5 2DE L A% s RDoPFe SHELS Khe HRT AR, oot e RO TP

greater det ahdnnbehnéeded biitine 69r ol Wil B8 appieciaed) sitice ghactthniter i Bldsed
stepsare carried out (in,v_\/%ole or jncgartg i n_an_at mosphere conpri si ng
carbon di oxiSYESRaRBGY A NI GIEIRENISS2CSIRAC XY ShAwing SRR FEFHESI ni ng
a di ffepgnt 'p%h)p‘)@(ﬁ,ltd_sadddﬁfo‘ﬁ?lshiéﬁﬁgf g%zkfclapaﬁ‘lyfjda%ﬂnd&o?ﬁ%"lﬁ%m, i BriAdeAHto

dioxide liquid applied to the sur portion of 15the substrate and that

at nospher e (pehanher.apresputermayneeddphereleaserdbyi ventng thaoughdinehvh lopnaintaimce
portion of bstrate) of between about 10, 20 or 40 nrn Hg to about 100,
200 or 400 ttrr#??—%ﬁf?"ﬁ@“%’e desired to maintain an essentially constant

at rosphere W t hi m tjoeL bfisdrben doxide Hauid 0osi tevidediin thel chaafbel,i whichobhg one
(or nmore) appligatign and2ospinning steps. In this case, an, atnosphere of
carbon di _oxi“geé' Adrdntel B T ol Valth &b g aspen] maepe “@%ijs?ego"_("é’.lé_{‘?

hel i um 28i t I9g&RNtiA" SRBurd 6 A88) caflih RERES eebh Ahb NRED PSS éh Ithdre 41
above and vented fromthe chanber via line 54 above ina controlled manner,
so that the subsiptesnd the apfosphere in thesbhmber, af distussedeelewanber r emai ns

consi stent as matar,i [ to th I i My

car bon di oxi de | iIgS%sﬁ%edvﬁxgﬁfﬁggcg%ﬁsﬁ%asgg%g%"%?ée\p %gasrﬁlfﬁgg)%ﬁ%elb&n r?r%f%raiqg? sfrom
the sgpst r atpelymenorouies icsmpasﬁietbtlieaulﬁlxyd w‘ith?m houid dhdmb;ﬂﬁiée&\?ﬁ thensubstrate

i ngredi entssuch as one or nore cosolvents (e.g,, tetrahydrofuran, .

cycl ohexane, 38| ReoteRPEtely, dispsased: ap dhe sebsspisanasre létl%%@W?é‘nma‘fgdW% the
carrier spor : - i i i face
or 1 on of (S BEHPRIGE (R WipReF BRI miF BRI ALAT P LA

t hat cont ai n®raated whidhothe diguidoistdispeatddy ap descobedvior €.5 Pateht Blot §,392.889 dme or
nor ecorrpouncaﬁlgg.o be carried. Exenplary conpounds that may be carried by
tl:~ carbondi9XPFue | iquid include, but are not limted to, polyners

(i ncludi ng pol yneh dpef€ioh,Seddasiidn dIBRIABRIGE]dlibapplRalty (RS tbg Surdicedoaidaoditaer | zed
after depositjon), resists é}_e. g., vV .~ 6 photoresists, electron resists,
x-ray resistSpstraigih@droem e Ssmaetts! 7, and ithesubskirte ye retess RRo anawis Guichyel
precursors. Resists such as photoresists may also contain additives to

i nprove |ithographic performance including dissolution inhibitors, photo
acid generators, and the like. ThejpigTyTatiE gehbtiatiors are present to
allow for 5 chemcally anplified resist technology. The m xture may be in
any physical form including solutions, dispersions, and enulsions, but
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to 5,496,901 to DeSi none, the disclosure of which is incorporated herein by
reference. In a preferred enbodi ment, such mxtures are applied to the top
surface portion of a sem conduct or (e g.) silicon) substrate sub 3{@ é
serve as a photoresist. The carbon dioxjde liquid may contain a @2
nodi fier such as an associative polynmer to increase the viscosi ty t her eof
and alter the thickness of the 1 s surface coating. The viscosity nodifier
may, for exzisplag,orleay mmlpufketd:dulghm subBen) 18 distrititerhie cabonritedds Bqtitie

viscosity of the carbon di oxi iquid S00 or 0 centi poi se.
The car bon®BiRsdPREYS P%ﬁmaﬂ%g)? g sibhnicn 12areedone @Hgﬁddna%ﬁaepe?sefé &g., a
sur f act ant ind Qibinge GRAIBYCAE RASE riiin SiloAES hesh Ofor W paRdddURE up to
about plus 20 or m nus dynes ‘pér centineter. Surface tension nodifiers
may be mcbcnﬁaeadspnmnnmsrmas\eedoas describerbia 1d.SoPhatent Nord21i,@YY tatCastedlanisndar y
of the arblon dioxide liquid coating fornmed on the substrate during
spinning t Rereof. Surfactants used as such surface tension modifiers shoul d
i nclude a CO2- piithee of"(Preferatild) doMOSf EHROBHlyiaE e andl ties eotknimyv3tdpnarehe art .
See, e.g., US. Patent No. 5,312,882 to DeSinone et al.; 25 U S. Patent No.
S, 683, 977 €@t ot vath ghe pressupg He thei chambsr geeates fthagh AP SERSEIG PSS Bt ed by
refer ence. BESEhIwid O BldseB LA DR dbhenblf RS LleGed b0 %t ACDRTIHO bl | AUl
may contain a co-solve at evaporates re s han does

di oxi de (epg: squatecimich|(psi) kpt@ﬁd)i)Osurclm G0O msy.c rl"dlpempmama inbthe ychambert tat e,

| Subst r.at ted h b d qui d th 30 b
Y rovedd £ Ot BrisGrdet A arsia 2l 3 o ebgte B a0 el afleping
oven, as d@ﬁs@ﬁﬂs@@i’n igfeatér detallaeill, dNBer &r%%ﬂm)%lhé SppTdhk Qhd spiadfiy feps

1echn| que may be enployed to reduce pin holés in the coating fornmed on the
‘subst r at e. aERemgshentdinwhelieseinpat) inpnptmosnherz dompsising| carbongliexide asdar at us
di scl osed i, I S osed
chanber t hovSt hibHeBerhs ftfad 6k 4455, AL ERRHARE SR RerchR kil i) 31
i N 2002 ofoixbom dicxidenbdtweeat tislcarbonniiniidetiquid appliedl tdehe surthce pepionmifng

nechanl ifferenti ressure leads, and a liquid.dis osj.ti oned
int _he Iﬂbes%{l? f{‘ﬁﬁﬁﬁ@,ﬂ‘ag p{'lf{g (E%g‘fl?"i‘[ g'xesaém?%rq ’fm’&%ﬁg{ 5’6’5 car bon
di oxi de I i @%ﬂ Surfiide oL TLOSthE &hiBstiaby) w%t\ve%h\éeowm 20020 BmlBg t6 aBb@SSUr €
reservoir 30 for storing a carbon dioxide liquid is |ocated 5 outS|de of

the chamberd08r0ics #¢0 miuHa. conmuni cation with the |iquid dispenser by Iine

under control o C 0, l'ine
and valve to el gv}g@gvﬁd“ﬁ?&eggg?deﬁ\?\ﬁ Eﬁmg Joﬁ%altxt Lkg?? urd carE&(3

di oxi de poshaiberi as tdrborpldessder Hquidss abphed duning beel (v mbred apahbﬂmnohndm de
liquidpy lines 7Q and. has. cooling coi 72 Dbl the ein Ate erature
cont r oP er SPHBIEsHERH) If’zﬁlﬁr%ﬁ??’d a%qspfmﬂg ‘?Lfocalafﬁ% 103141, opg GafPiCai n a

t enper at ur additibhAlrgRB6s o iereeise (621, helud] Miogeh, higdu] dxygi&n) L) uwpisseaind t he
carbon dioxide liquid deposited on the substrat e (which be determ ned

)ﬁ’ny an i nf r 40tPdhe ?hﬂwlte@mahneo‘ﬂhebowmia{smédtf@ﬁp&e gnBersya ’6? SAERPYS Bned
thin the chanBRtd g‘%%ﬂgl rs@%ﬁdthé‘%& iliGP of Wef R8s (ﬁ&{cre% ?Jﬁhﬁlhutl%tdh%ﬁcr and

operatively. associ the tenperature contr : iI's serves as a
differenti aempnesmﬁemﬁs mrcﬂrrad)is addehto thechambentvid dispegsex 1di f f er ent i al

Bopl i 68°L0 the SHPIERBTIPER BRI, PRE™ Lot Are Rt ooty BppiEa kel

from the substrate, may consist essentially of carbon dioxide, with minor ingredients

such as one or more cosolvents (e.g., tetrahydrofuran, cyclohexane, alcohols such as
methanol or ethanol, etc).

When used as a carrier for a compound to be distributed and deposited on the

30 top surface portion of the substrate, the carbon dioxide liquid is a mixture that

contains carbon dioxide, optionally one or more cosolvents, and one or more

compounds to be carried. Exemplary compounds that may be carried by the carbon

dioxide liquid include, but are not limited to, polymers (including polymer precursors

or monomers that polymerize or are polymerized after deposition), resists (e.g.,
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t hat at nosphere, as discussed above. In a preferred enbodi nent, where only
a .0l or .OSto .1 or .5 atnosphere partial pressure difference is .
required, the tenperature is controlled to plus or minus 1 or .17degbde8)y?
Centigrade, with the tenperature of the 20 liquid in the pool being cooler
than that of the liquid on the substrate. It should also be noted that, as
an alternate to sensing tenperature, a different paraneter, such as film

t hi ckness of phoresists palecttionX redizts, | gayd redistb))eadhesibac pronfotérbe amtibslecate, nay
be neasured, and the artieil pressure qof carbon &%oxi de rggul ted in,
response t hefadtBes sandaiselkesh precurstihs REDHs iairhtsi ARGIOresistai MRYrE5R icaMalhr ti al

pressure of é‘da'ftRQE 183m }&éil%g@h\% ;ﬁ?t;oﬂg@d'teﬂgau'iﬁg a5 gHLBor inhiBitdrE &Hoty M of

cooling coils 75 r cooling t chanber to cause sone
condensat i onacid genwatorrantintbe wikk! sThef phdie achiagdreratorarade tphasentr onalwv dar bon

di oxi de f th h i b te. A,still
add 1 ond reRgeal B Sl e o naloit of i B R Ry Phn Ry dSER Lro 3o
equi | i brate fbRdiHTBSIRAGKS dMdelbidrisfuhd eailfionms, CHm)éire@ramy tthe rgigf®e is a

tenperature as the liquid being deposited, but add very small flow rates of
an inert gassolgtipn. rmeafpre&a@dwg’»@ﬁynqnﬁ,ﬁbe mixtyte is pempased oficatbopiigxigaandind

vapor are re t f i r rt hal
pressure of %gl\r{xg%ﬁui oxI1 glgd ﬁ-{%ﬁgp ger?l%d?’uagﬁlrnjg aecgg;lgt%nb%%?%éﬁr?&aﬁ%@g%%?esu\:/}gssel
75 cont ai ns mixtarebane disslasete as tlgpupalympedtatioanodust dagppibecdn 'U.S. Patent-Ne. ~ i

| ~ 1 ~ JUN with_an inert..gas (e.g.,. hitrogen) via line 7 which
passes tmpuaﬁgg’ﬁ@l (t,%bﬁgﬂn%eoﬁ'iecfag“g?%fe %fgwﬁ“_ﬁgfs ‘E‘ﬁgrpf)%?éer‘ft ﬁed%\‘é‘ YT BRfACded i n
a carbon di oy fBre@tddl &hBEHIAEMD SREMEH BeturdS ati dpbliQPtoARR 468 Rirfdce polRsieoski | | ed
in the art, the nethods and apparatus of the present invention may enpl oy

any one or afinieenducival¢ gnsibeom substratesaubsttate toServgiagapbatongsish parti al
pressure of carbo i 0%l de... El gui:e .3 | enag . [, ew. o t ed
mul ti pl e substrat ghgpcl(%:)r(lgoglogp:;ln% L‘@ga i A&%' %‘?ﬁ{eapndg\% légos}ﬁkcﬁgﬁglgigggugﬂ#eagg%% e
vessel and aassovimfvbpelymes seiricreabé yheavisabeiny thebed aabialer thd thidkoesse ofrthe 90 i's

equi pped_with robotic grasping nenper 91. A subsirate shuttle car 92,
shown i n'% heSHEER Cepifitefhe Y coaﬁ?sm%iéfgerawaf%ﬁanaka% ?%ﬁtlnﬁaiar@@é, 10
94. Shuttle aFisieRf ® HRYAk e WEdoiRy DY MeLbRboddRGIIR! KNS Apibidbodt 306IaF d
techni ques. An an ante chanber 95 (which serves as a pressure |ock) outside

the main chah¥rceptipeiseles a starting point for the shuttle car. A receiving
chamber 96 (contail 'ngbaonsﬁgﬁpg 1&{6&3 W GRtaiRS & r#a?étt&?sﬁoqldﬁo"akﬁeg (%%r.,vgs as
or I ng ec er al

a pressure |lock) is provide ecel a shu ar a
subst r at es osurfaotnt)stolihtriessecardetiaese the surfdce earisipa. byBat Amddnttupetoaabbet plasinber

and recej Vving chanber .are provided w t.h separate int.ernal and external

seal abl e&%oo Tt gs?“?ﬁﬂ??,ﬁ)p,l%r t gﬁroo%é‘rfg?fg%"é‘%&‘?} lgﬁrzirﬁ?@f et‘SCfé’gF@ °as
pressure | ocisereakd be de&iBasthitbplbeformhSorRatetht Bo8idaey o itk ELBHY BIdxde lidiad t he
mai n chanber need not be fully degressurl zed to insert a new shuttle car. A

removabl e f| eeangfoased warthe supra7duringuspinning thegrodt apirtacisnis,uset Asesuels s
Rl . . .
lquid Trom %fﬁgg%t{lg) xgto{iﬁgi%% %Bﬁd%ﬂ&%&éngc%ng{%le@é}g%%gﬁ tctcfzgﬁiao'bi%bé}%h arm

The fluid barnca ro arm graspi cars-nmay all
be driven byamst aredarovidin the artechae qigeU.SnRateiteNops,842,882 td DeBbodne et al.;

coordi na&? d Wé ri’a%len% ?\Pot r59é8|3,%t77 t5 blgrgllg'set %l. Q{hg%gs%mggrbels Sf which are incorporated

by reference herein in their entirety).

If desired, the carbon dioxide liquid may contain a co-solvent that evaporates
more slowly than does carbon dioxide (e.g., alcohols, ketones such as cyclopentanone,
butyl acetate, xylene). Substrates coated with such a carbon dioxide liquid may then

30 be removed from the pressure vessel and dryed (e.g., in a separate drying oven, as
described in U.S. Patent No. 4,794,021 to Potter). Such a technique may be employed
to reduce pin holes in the coating formed on the substrate.

The apparatus disclosed in Figure 2 is similar to the apparatus disclosed in

Figure 1, and includes a pressure vessel having an enclosed chamber therein, a

SURSTITITE  SHEFT



conputer, in accordance with standard techni ques. Together, the robotic arm
and shuttle car serve as an exchangi ng exchangi ng neans positkOﬁﬁgéﬁm%hin

t he encl osed 2s chanber for exchanging a first substrate wi thta

substrate on said turntable without the peed for opening said pressure
vessel . As will be appreciated, the exchangi ng neans need not have a
shuttl e car and pressure | ock systemas shown, and may instead have one or

nore stati onabtrat@ Gk furntAle A8riphiedTBf B HOMGFNGH . a YindTRY nR¥RARYM AdTeRGHia]
pressure |ock. 30 The foregoing is illustrative of the present invention,
and is not treessereclends: pada ligid dispenisergpesitéonedfin thpenddosgthshamberezhoye dharer

t han t hose ' V. e 0 : | e

whi e i ni my R prs LBERYEn Aot LA BRI PR L R BT e
exanpl e, thed8axmenzielibe A plasturereaémoirdy Hestonhmh earbon divxidedidaidis Ibeaskwor k

of tracks confi gur to ve the grasping nenher between -~ h~ ~'~T 1 4
"U N 2002 9 %“F%‘?%?PﬁgF eharbes ap é“rmg{\’éjgm tenwith ihe hgpd dispenseeblire nay
itself be el igi&aioftol s\ MAGHEhAS 895h RbRAECHIME TR EhafRbeh B iAdEld RaLOY
adapted to nove the grasping nmenber bétween the ante chanber and the

recei vi ng cHarelryate tha peesshrecwidlin thtrehambdrand dighidyeanbyi digxiderivol 66y the
replaced with a suctign head. .In.addition.to,of 5.i.n pla of, .t he ar.
retractabl e pé%sﬁvgy‘gerssegéf P‘éppﬂ’ﬁé VEQ’ ?)8§ritDPP (Sjﬁ%det Bq'ﬂgrbly)}%feﬁgﬁs@gslfarsépgﬁ%lay
from the holadgs . 72/placedibeldie QA t@hpRitufeaeéntflRt @HBtCsRb) € pebividedr PRtthe
substrates coul d be enpl gyed. Nunerous additional variations or

al t er nat¥0ve<ophing Reily iormagiplaina tesmpesatisel diffseenpe befvesn asprken dioxids ligd én
skilled int gl i went o0 | f] by, it Wi n
3 aime. it hregorh spdIRELAbBR o Rl SR b (M (RO nid) hET PO
~? That Wi dletarmir@dabyren ihfsa-rel ménsqi or othat switabépearetansefsenscappisitioned a

liquid to a substrat ai d .appay at C ri sing: ressure vessel having
an ‘encl osed “SRIRBEF chtmpe; 30 eElea At dnf LoH Sifees o5 i, oS S Gpgatively’

posi ti oned iAsdepdted evied q&egénsﬂeadmeréon@roh&gymsdgewgnﬁsea desichtifinpdsduie sai d
encl osed chanber for detgom ting a carbon dioxide liquid on said substrate;
and a pr¥ssificairpldegapsifor jmpaiptaining o Giiferentiali pastiol pressug oofi Fasheny diexigenser

for storing gtween the carbon dioxide liquid applied to the surface portion of the substrate and
that atmosphere, as discussed above. In a preferred embodiment, where only a .01 or
.05 to .1 or .5 atmosphere partial pressure difference is required, the temperature is
controlled to plus or minus 1 or .1 degrees Centigrade, with the temperature of the
20  liquid in the pool being cooler than that of the liquid on the substrate. It should also
be noted that, as an alternate to sensing temperature, a different parameter, such as
film thickness of the carbon dioxide liquid on the surface of the substrate, may be

) measured, and the partial pressure of carbon dioxide regulated in response thereto.
An alternate means for maintaining a differential partial pressure of carbon
25 dioxide is also provided in Figure 2 in the form of cooling coils 75 for cooling the
walls of the chamber to cause some condensation to occur on the walls of the
chamber, and thus remove carbon dioxide from t;e‘vapor phase above the spinning

substrate.

A still additional means for maintaining a differential partial pressure is to
30  equilibrate the atmosphere with liquid carbon dioxide at the same temperature as the
liquid being deposited, but add very small flow rates of an inert gas via innert gas
supply line 41 at the same time that gas and vapor are removed from the chamber by
fan in order to lower the partial pressure of carbon dioxide. In the illustrated

embodiment, pressure vessel 75 contains a carbon dioxide liquid pool, and is supplied
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carbon dioxide liquid. 2. An apparatus according to claim1, further
conprising: differential pressure control neans operatively associated wth
said pressure vessel for maintaining a differential pressure of fcarbidk 2002
di oxi de between an atnosphere in said encl osed chanber and a carbon di oxi de
|l i quid deposited on said substrate. 3. Ah apparatus according to claim2, °
wherein said differential pressure control neans conprises a liquid carbon
di oxi de resgryaQl.rT: i iLdpr. Y e r
conti gur ed_ o drhinkR E(ERPREDRHDS I 3236 yARR ok S TRELA WSRO IR

di oxi de | i gpodl sonhsahdineages wgrovidatintahareardimidedsabaeid akmaggphdredeposi t ed on
sai d substrate. 4. appar at us accor.di o claim?2, wherein said
differential pre_sAs‘d@E]_ Q’eoargp?r.sqxt ROTTE Slﬁ‘ﬂﬁ‘gg} ‘é%@n’éﬁef“ﬁ S g% a%ﬁ}lﬁoﬁhﬁe_ in
fluid commugiGati fRelidd) nS9 €8s 8520nE MRS corfbindMbrABP &tk UseARCRI i NG
to claim2, "wherein said differential pressufe control neans conprises a
cool i ng apparaattaigingoepatiahpedsyuraof ooben digxidet h sai d pressure vessel and
configured to coq@lin .wal | of.said pressure vessel ., -10 ~. 4 ~=~~ 700z
6" anappar at us_ JeeBRdTisd iebeRtis ey ARt CRa s 1o e og s o
control neapgtiomi Thededcaintiufiésed paésusd vasedl ahdh nnablelesentiallyadsiercribedxi de
bet ween sai d at nosphere and sai d, carbaon di oxi.de I'i,quid cge g t ween about 10
and 400 nm PRRVEY A rePosis FEP 4P i CHERISA T iHY? 50T B1RFRIRS IR @oﬁgasvgtpng a
pressure coghfil L& 9 0RESA iRl %a?ﬁ&%ﬁn‘b@ﬂ‘?%ﬁhtﬂ é@hgaﬂro?ﬁﬁ et§aiked3, 8. An
apparatus according to claim11, further conprising pressure | ock

connect é@l t 84sShuitlp cars s moveksinetirivosystemd intaatdpicaovitigstandaré fevhhigyes

bstrate f id ¢ch .. 9. LA t di na. .t | ai. furth
compr 1 i g CREAE ABARBES (Gt TR PRAWSERR oS nd i e oy
exchangi ng grdvidesta StdRfdol gHidt fok ke SmSes ead ASHREIVING! Chatiibed B6d(cbhfalHindh e
w t hout the need for openi nglsal d pressure vessel. 10. A spin coating

met hod, conpecesfl ngputtis prtysnilustratadivelio ks de 4 Pepssute tleckoust Brwidsdr faron of
a substrat eiﬁ_@ﬂ%%g%ﬁuﬁl%? 41180 afi %B&téhk@%%ﬂét%h%@ Whr ARVedeR thedted! SBéthbut e
said carbon dioxite Itquid on said substrate.

15 the ante-chamber and receiving chamber are provided with separate internal and

external sealable doors (not shown), which doors enable both chambers to serve as
pressure locks while the shuttle cars are inserted and removed so that the main
chamber need not be fully depressurized to insert a new shuttle car. A removable
fluid splash barricade 97 around the turntable prevents excess liquid from splashing.

20 onto the shuttle car, substrates, and robotic arm. The fluid barricade, robotic arm,
grasping member, and shuttle cars may all be driven by standard drive techniques and
the operation thereof coordinated with a controller, such as a programmable
computer, in accordance with standard techniques. Together, the robotic arm and
shuttle car serve as an exchanging exchanging means positioned within the enclosed

25  chamber for exchanging a first substrate with a second substrate on said turntable
without the need for opening said pressure vessel. As will be appreciated, the
exchanging means need not have a shuttle car and pressure lock system as shown, and
may instead have one or more stationary racks inside the main chamber, or may
employ a single pressure lock.

30 The foregoing is illustrative of the present invention, and is not to be construed
as limiting thereof. For example, means other than those described above may be
employed for handling the substrates while minimizing pressure loss from the
pressure chamber. By way of example, the extendible robotic arm may be mounted

on a track or framework of tracks configured to move the grasping member between
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11. A method according to claim 10, wherein said rotating step is carried
in an atnosphere conprising carbon dioxide at a pressure greater than
at mospheric pressure. 12. A method according to claim 10, whereimn saU 20
rotating step is carried out in an atnosphere conprising carbon d| oxlI de g%
a pressure of 10 to 10,000 psi. 13. A nethod according to claim 10, wherein
said rotating step is carried out in an atnosphere corrpri sing carbon
di oxi de, sald thod further conpprising_the step of: tainin
differentiafh® ngftfaé? hpldgsang we shuttls caon The %%C%éﬂ%é?fﬁ EB‘? Gl“@éf}?alfgn‘}@i oxi de
| i qUI d and §1€i‘1'1 %étégg&‘?ﬁ@& ‘?n&fen}%ﬁ{ Yﬁ:@ﬂmﬁgﬁéﬂ bt 010 OB -the ktasping
~~~~~~ ~' ~~~f Q2 14." A ngt hog according to clpal m 13,
vvher ei n sai Chembpr ﬂoﬁh’@}?eanhe raotﬂachm@})estaeésharreceuang ichambert [m eaqh essel teed

hanb id d [
of - car bon’ aESECa EBPBEArT v Sy b hficet Shchinstte rOAR e 3G e

t enper at sir eirtipladecsARE e gt iRRAbld B@w‘é%m&s @hag/ e%sitioﬂbldl tb ¢afrySitk Qubis@agr voi r
and the carbon di oxi de I|qU|d applied to said substrate surface Bortlon

15. A met ho@wax Soptthsgholdsrc atumtable auphesitackssyistern parying diffarentryogratesg
steps are ¢ [ ep is
carried out @%@H %guglﬁl(yéa %%I%P%grgt% S&gg@mgg}lﬁ enc@ge?gaéng%]mng{ enfOFh%g.ﬁ]tgA
nmet hod acconsamgwilbbe readily kBpatheoelncrsesmlkddaxpmeyarngAamidmgtyatthmngemE)}ns are

o cssur e vels By L BTORNTH Ao ek apuralees of R DRPLY CEOBIg o

wal | pofigi othegfinsai d pressure vessel. 17. A nethod according to claim 10,
wherein said |iquid conprises a mxture of carbon di oxi de and a conpound
selected fromthe group consisting of polymers, adhesion pronoters,

resists, antireflective coatings, and sol-gel precursors. 18. A nethod
according to claim 17, wherein said mxture is selected fromthe group
consi sting of solutions, dispersions, and enul sions. 19. A nmethod according
to claim 17, wherein said conpound is a fluoropolyner. 20. A nethod
according to claim 17, wherein said conpound is a fluoroacryl ate
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polymer. 21. A nmethod according to claim 20, wherein said mxture is a
solution. -12 ~ ~"~ ~ . L~ "'~ ~> J~~~; ?20U~ 22. A nethod accor Mnguwo 5
claim 10, wherein said mxture conprises a viscosity nodifier. 23. gWUd
according to claim 10, wherein said m xture conprises a surface tension
nodi fier. 24. A nethod according to claim 10, wherein said substrate
surface portion is planar. 25. A nethod according to claim 10, wherein said
liquid cogprises a m xture of carbon dioxide and a sol-gel precursor. 26. A
spi n cl eanthas WhichdsiClaimegrIssi ng: appl ying a carbon dioxide liquid to a
surface portion of a substrate to forma liquid filmthereon; rotating said
substrate about an axis to distribute said carbon dioxide liquid on said
substrate; and ¢l eani BgineahhgSippatanatior &pplying buruRS toanbstiatg ssidiagpaanion
dioxide liquid to said substrate; wherein an essentially constant

at nospher €OMPrif@Ent ai ned during said nethod. 27. A method according to
claim 26, wheregj i d r I | ut an axis to distribute
sai d carbon dig%#ggﬁ#ﬁﬁﬁg%ﬂ%gﬂggﬁ?#g%§gﬁﬁ&%ﬁ&§ga§§hosphere conpri si ng

car bon di oxi de aatirndabde &8 Sotatng s eatisantetgoaitioaédrinsqaitbenictospd elembieg, 28. A

met hod according.to ¢l aim26, wherein said rotati ng said substrate about an
axi s to distriBulicuiddisnersss pssioaesn il Ffi“'g‘tﬁeg champet 7 depostipe arcasbon

at nospher gy; PRy ar, i.gxhde at a pressure of 10 to 10,000 psi. -13
c.o ~ zhgﬁﬁgg%%gngsaghﬁg?ﬁ%gﬁ%ccording to claim26, wherein said
rotating said subessnmtreseavmuin fuid asnsunicatips withisaiddiguid dispansérobor stourg de
liquid is carried.out i.n an atnosphere conprising carbon di oxide, said

met hod fuﬁ?ﬁ@PdEHW%?ﬁ@Pﬁg: maintaining a differential partial pressure of
car bon di oxi de between said carbon dioxide liquid and sai d at nosphere of

bet ween about 10 and 400 nm Hg. 30. A nethod according to claim?29, wherein
sai d appl yi ng & car Hunanpiamstisdaccpiding t@ damshdfedhes cpwprisiog: of a substrate and
rotating said sybstriah e aR0ULoA0IIe bodli oAl bRNLECD M) SR At pxlge
liquid on said SUBStTabe are “Rartied odt i n ah encrosed chanber.and sai d
mai nt ai ni fgr Maidtdidigg e diffabntdbids@lre Pr efbot SioRfdebriviaen afiagxbPhetedh weidn sai d

carbon dioxide liquid and said atnpsphere is carried out by:
enclosed chamber and a carbon dioxide liquid deposited on said substrate.

3. An apparatus according to claim 2, wherein said differential pressure
control means comprises a liquid carbon dioxide reservoir in said pressure vessel and a
temperature controller configured for maintaining a temperature difference between a
carbon dioxide liquid in said reservoir and the carbon dioxide liquid deposited on said

substrate.

4. An apparatus according to claim 2, wherein said differential pressure
control means comprises an inert gas supply line in fluid communication with said
enclosed chamber.

5. An apparatus according to claim 2, wherein said differential pressure

control means comprises a cooling apparatus operatively associated with said pressure

vessel and configured to cooling a wall of said pressure vessel.

-10-
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providing a reservoir of carbon dioxide liquid within said encloagg |
chanber; and controlling a tenperature difference between the car MJN 2002
dioxide liquid in said reservoir and the carbon dioxide liquid applied to
sai d substrate surface portion. 31. A nethod according to claim?29, wherein
said applying a carbon dioxide liquid to surface portion of a substrate and
rotating said substrate about an axis to distribute said carbon dioxide
liquid on said substrate are carried out in an enclosed chanber, and said
mai ntai ning a & fferﬁeh@nparatveacporémgdp@é%mr?e“dner@aﬁa@@dlfﬁﬁr@mahere@%{re\een sai d
carbon di g c ing an

i nert gas %‘g@é# h%frgggég%i]ﬁerrr%& t@ﬁ%ﬁf}%ﬁ:&sﬁ{%@f&! abc%%oérﬂg}lgKlg)X 941%1 29,
wher ei n satrflosphpre)int Gaid carboh @ivxidoliduié of betwieeh m)usmohmeommﬁﬁ H@n of a
substrate and rotating said substrate about an axis to distribute said

car bon di oxi de quuid on said substrate are carried out in an enclosed

chanber, and saj rrqup Iﬁ"ga 1 . f n

di oxi de bet Ween sai %’F}I |cg(>)<rlngt§| qui d1 g%{“@{"%@ﬁgég esrguerglcgﬁg(g%?l ed
out by: ca»pénangelyambiatqdcmthmdprfessme despelessure vessel . -14 ~4 ,1~id
2002 33. A nethod according to claim 26, wherein said |iquid consi st's
essentially of carbon dioxide. 34. A method according to cI aim 26, wherein

sai d substrategsurfage dobsORcdrdinl 182%m T, hatter ptessute Fock
“As, . Afy. A3e. A2 AY(. A9 RSl Sy ,%\NLII%IA {9 Af 9. A. Aeacomprm% Besfue ¢

+#D~yt oj e cpnt]agae]dda]smdpw]sma]vcsspbta]f@@t]lta(%\l}lea]lg af m}wa]g:aildm]rcta]fma} gadcalca]c
a] c”a] ca] cs&q_@ cajc™alcalcalUc:aUcalcalca!D !t;

: <G upkf aV ] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c”Ma]ca]ca]ca]calcalca]ca! Q' z6-ET
L @" ###3| w mhc”Y] ] ] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c
a] ca] ca] ca] ca] @a] calerdrpaiatus|aceqrdaigdo &laim] lc Airtleomoramyisiag ex ing MEARY/ 333" 4

4
5u555667789?§3%eé]] Whﬁéﬂ‘%‘P@%‘]“cﬁ‘f‘&‘é’ffc%f ‘ihéé‘fmé]a ﬁrft E{?itaaé‘i t]"cas]ec a’] ca] cal] ca
] ca] ca] cakalshag]civdatbthedaisialrdthahihe aeddcfal 6pdring €id prsO0gssél. ~

; <V<| <<<<<<=J>??>AAA; BBCADDDEEESF. Gzupkf a\ W] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca]ca]ca] ca]ca]ca]calcalcaUcalc alc

a] ca]ca] caJ ca calxc ghﬁ;@ fEH#1 Jt JILnLLMaM NNNQOOOPP
Q} QQE] ]Rf R]hRR% >q<g]n| d]AZ 1&?%;% ajc a(] cai cgi cafca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca])pia]ngai]aaal]oaa]lma]ichqlmd]t@a]rfm]eqaaﬁmlmwwm,kahbﬂwuw VVWVOWGWV

e oo oS A SR R G oL
NJ_U L gubsgaaaaabObbbFccc;

dl d| wr mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | ddeAeqeef\ fff$g399gggggg=hChhhhi Vi ~

iiajjkkll|wmh Y]]]ca C ca] ca]
ca] ca] ca] ca]j ca?ca] c L?’ca]‘gl Jﬂ%@é% ?%Lf?&é}%%}lq%gh I]r(%r%?rlﬁﬁp% xttei’tls[ Jfatnfl Lé§|I{}11 uvi ~
L ajj kkll puniospaér¥ledmprfiagradba dloxidecn hprdssak Gadatalthal ambegtietia peabara] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca; YdE- 10%&' () - Ln1O%& () -!

, 109BS& () - " 10%& () - $10%& () - Oy&LO%& ()- YpBD dEY#109& ()-Y"t 10%& () -
0% )t (10%10) T Rl SR (0 Y QSR it 1036 st O
< 110%R' ( pn stnitkphde (:9mﬁn$1ﬂ1@%/&’o()l) d@ildeib(ﬂ%’&h(s}:ure@ﬂﬂ.@/@ 000 psi~( +XxY:/

13. A method according to claim 10, wherein said rotating step is carried out in
an atmosphere comprising carbon dioxide, said method further comprising the step of:
maintaining a differential partial pressure of carbon dioxide between said carbon

dioxide liquid and said atmosphere of between about 10 and 400 mm Hg.

-11-
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10f " 10%v&' ()-S 10%V&' ()-,S 10%& ()-S 10%v& ()-f  10%v& ()- & 10%v&' () -
10+#D ! dE:/ 10&"10%VE ()-T 10%v& ()-Fni 109%v&' ()- 109%v& ()- T 10%W& ()-g
109%v& ()-!tNdB:/ 10!;s'"109&' ()-& 10%v& ()-&L0%VE' ()-" 10%v& ()19' SUN 2002
1098’ ()-g 109v&' ()-N; }~2:/ 10Y:f 10%v& ()-8y 109K ()-!;5"10%& ()-vy
410%v& ()-0f 10%&' ()-!Ds'"10%&' ()-;rS4 10 109%& ()- @10%& ()- 10 10

10! =109k’ ()-!'=10%41& ()-;f 10%v& ()-:dErS4 10" 10@ 109%&' ()-, 10%&' ()-s
1098 ()- 109%& ()- L 109 ()-0 " !10%&' ()-C<GaBrS4 10°

F109&' ()-!>109%& ()-"109%& ()-f 109%& ()- @O0%& ()- @O0% ()-0)a?rS4

10! N&! #109%&' () +F! 1 & #10%&' .().- F 109 ()-10%& ().-| 100& ()- 10%&. (.)-' z6aBr S4
10! 0 10%& () f ) éé, Z%«_Aog}qﬁt{()?fag:mf%&(? jzlga%m }9, \%‘hérznn sal% applying and rota(tl)ng stzeps
109 () - * YleO%bridd orlt 36 b 3F68E& chimBerXatiCGaldaihiddiim&step is carried out by:
providing a reservoir of carbon dioxide liquid within said enclosed chamber; and
controlling the temperature difference between the carbon dioxide liquid in said

reservoir and the carbon dioxide liquid applied to said substrate surface portion.

15. A method according to claim 13, wherein said applying and rotating steps
are carried out in an enclosed chamber, and said maintaining step is carried out by:

supplying an inert gas to said enclosed chamber.

16. A method according to claim 13, wherein said applying and rotating steps
are carried out in an enclosed chamber, said enclosed chamber formed by a pressure vessel,
and said maintaining step is carried out by:

cooling a wall portion of said pressure vessel.

17. A method according to claim 10, wherein said liquid comprises a mixture of
carbon dioxide and a compound selected from the group consisting of polymers, adhesion

promoters, resists, antireflective coatings, and sol-gel precursors.

18. A method according to claim 17, wherein said mixture is selected from the

group consisting of solutions, dispersions, and emulsions.

19. A method according to claim 17, wherein said compound is a
fluoropolymer.
20. A method according to claim 17, wherein said compound is a fluoroacrylate
polymer.
21. A method according to claim 20, wherein said mixture is a solution.
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27. A method according to claim 26, wherein said rotating said substrate about
an axis to distribute said carbon dioxide liquid is carried out in an atmosphere comprising
carbon dioxide at a pressure greater than atmospheric pressure.

28. A method according to claim 26, wherein said rotating said substrate about
an axis to distribute said carbon dioxide liquid is carried out in an atmosphere comprising

carbon dioxide at a pressure of 10 to 10,000 ps.
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providing a reservoir of carbon dioxide liquid within said enclosed chamber; and

controlling a temperature difference between the carbon dioxide liquid in said

reservolr and the carbon dioxide liquid applied to said substrate surface portion.

31. A method according to claim 29, wherein said applying a carbon dioxide
liquid to surface portion of a substrate and rotating said substrate about an axis to distribute
said carbon dioxide liquid on said substrate are carried out in an enclosed chamber, and
said maintaining a differential partial pressure of carbon dioxide between said carbon
dioxide liquid and said atmosphere is carried out by:

supplying an inert gas to said enclosed chamber.

32. A method according to claim 29, wherein said applying a carbon dioxide
liquid to surface portion of a substrate and rotating said substrate about an axis to distribute
said carbon dioxide liquid on said substrate are carried out in an enclosed chamber, and
said maintaining a differential partial pressure of carbon dioxide between said carbon
dioxide liquid and said atmosphere is carried out by:

cooling a wall portion of said pressure vessel.
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