;edet q@BPTIT 7~ ~ ~I 1J ;'2U2 "166166w 1 SPI N COATI NG METHOD AND APPARATUS
FOR LI QUI D CARBON DI OXI DE SYSTEMS Field of the Inyention _ The present
invention relates to spin coating nmethods and apparatus in which the need
to use volatile organic solvents to carry or dissolve the coatirqtnaterral
is obviated by the use of liquid carbon dioxide. 5 Background o ’i 2002
Invention ' The mcroelectronics industry is dependent upon spin coating
for the deposition of uniformthin filnms on various flat substratagg,ees
including silicon wafers for integrated circuits and gl ass for

opt oel ectroni c devices. Spin coating processes 10 typically |

injection of aliquid coating onto a flat substrate that is MW@W
hi gh rate of speed such as several hundred to several thousand RP

coater operates by spreading a thin liquid layer (liquid coat )
on a substrate using the centrifugal force of a spinning sub mﬂﬂmmwmmwmm
spreading liquid |ayer then fornms a fairly uniformfilmafter evq&g& ation
that covers up and pl anari zes topol ogi cal unevenness |eaving pin- e free
films. The liquid coating solution is typically conprised of a materi al
that has low volatility such as a polynmeric material or an oligoner. These
| ow vol atile materials are then dissolved in a volatile liquid solvent or

liquid solvent m xt lquN@&W@MEQH(DD%NDS&PFMBS@ORM cally volatile
organi ¢ solvents (VOC), chlorofl uorocarbons 151?:&}% hydr ochl or of | uor ocar bons

(HCFC), 20 hydr of | uor ocal-hQRE D EABBONTMQXE ns or mxtures

t hereof such as nethyl ethyl ketone (MEK), ethyl acetate, chloroform

t ol uene) isoanyl acetate, Freon-113, ~ ~ ~~~ .., ~ou2 2 Freon-22,
Freon-134a, Freon-227, perfluoronorpholine, etc. The liquid coating
solution then thins in a fairly unrform matter across the spinning flat
substrate and the excess liquid f n falls off the edge of the
substrate and i t: t t hat
is retained on ?%%Blre(%?gtlﬁﬁemgspgf faEH SggtSF iY{T&&E %gﬁ# frlér?usgésh t g?g%ofrﬁa‘?g Peavi ng
behi nd a uhe heedntd hsenvbiatxha arfgaticesobenotonchriyhat diksidvd the ealtiagirhatesial i¥he

filmtypically i onprised of a,polyneric material (such as a photoresist,
interl ayer&i’?%?%&ﬁ?%%’ ﬁ‘%‘c’ﬁ&é?’bﬁﬁfjé"i‘ ‘s can al so be deposited in this
way sugh as | ow nol ecul ar wei ght conpounds (adhesi on pronoters,

antireflective coatings) or sol- gel precursors Sonetinmes a spin coating
apparatus is used to renove aBsg H gntohstrate. For exanple, to

devel op an exp d hot i ‘ : solvent is in ted onto a
dovel op an exporgd BROLAESELSL: BRALESNss Sgbhoio SOLvSl Louhtl o oleont o
sol vent cadepbkieion &if a6ifbMe tHiR €166 Dhvatosd Datsabaitaf incliting Sliaén nafashatrate
effectively renoying the substance off of the rot atrg substrate. 15 Spin

coating i SDEREHE Sircuithaadsglass debeptoslestigniscdeyisnss SHIn £OPURGPIRESon of
the usg oftyﬁrahnfr&rm@eythtefrﬁje%&r QFL R B ffg A Y sub G BhDE Mtainger €

remai ns

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,



need for spin coating nethods and apparatus that reduce or elimnate the
use of VOC, CFC, HCFC, HFC, or PFC solvents. 20 Summary of the Inyenhipnﬂmz
first aspect of the present invention is a spin coating apparatus for
applying a liquid to a substrate. The apparatus conprises a pressure vessel
havi ng an encl osed chanber therein; a tyrntable for rotating a substrate
positioned in the enclosed chanber; a liquid dispenser positioned in the
encl osed chanber for depositing a 25 carbon dioxide |liquid on that

substrate; pRANDIPTRSHI]Ral GIEINVEIT defiddkdthpROMRING At TIRN 1Muidh cédigg! T qui d
di spenser for storing the carbon dioxide I'iquid. The apparatus typically

i ncl udes a prletsayuthen Gong ingl faisly wylerramayier geresssbe spinRing ‘ﬂfi‘t Jnbstrade arthiser t hat

can mai nt ai 0Q ,t: 0 i
cecond aspetctef i UhfinlshltiBy sl EAEEE: BLR Abta ka0 bR Y
met hod conpthis ddmapPliyiidgcertiagrdohimonithati Beretainpdi on toe satatirge dlapoutisirate of a

substrate; and. then rotating the substrat Qut_ an is to distribute the
carbon df oxFYBINNEYIR %VaBWaf%ga‘é‘B%gf A éunﬁ{e’é“g}él?t%’?? %‘aﬁ a@PPW&ﬁ‘ﬁ‘a F 1250 pe
di stri but edi®nvbRABUDTHE &8 @?wﬂlycﬁrcfohq:fnsed of at rﬂél‘fcpﬁl%ﬁ:n@f (slewasiati ng a
material such as a coating on the substrate. In addition, the carbon

di oxi de | | qahqiereélah inerlayies éwie@maut@ﬁhqrnéatgreﬂé%em g0 besdeposigid iarthis way
Pt~ 1, ~sichS af Ofowf hﬁolgwlzﬂ'o% sﬂ&:ﬂ#hé Zh sxoﬂe§5 89 aﬂﬁreﬂ@ﬂ%‘ ng a

mat erl aI pr evi ously deposited o ace o strate.
f oregoi ng anehtipgk)ear sobgeslq:rcscuantk aspect s of the present inventi on are

I t det ai | d h dth f t
el Torth bl ow SBYEFPET CISRELFPRPEARPBRCS B L AR bOVE T So8Y & do

view of an sppeaR! Forekarhple, BrdRSE0H ah ByRI3td PibtorebiiUpAterh, adiqRidSiotkenyisew of a
second enbodi nent of an apparatus of the present .invention that naintains a

di fferent i alPugraed praip aﬁPB%@LFr hais Oéa’ﬂlbhﬁf%?% @ hieh el speed al s hadidoxi de

in the chan@&welﬁtdmm}?a@s&wthea&g% Qﬂb&éh&eofk Wtio@atg)g&%gt}a@ eff&tf‘vgﬁl
substrate. gure | S schemati c vi ew of e odi nent of an

appar at us oremmrlg)tm§ebatancn@éfrqfuthmmtaiungBuhﬁtrmg a robotic device for

exchangi;gg subst i talted

Descri pt ?on of t ﬁg&P éredgoéﬁ%?g{t %?gﬁ%ﬁ%?%égor%ga%g%gk% of
standard pr éssuseesf s::rh@hntsehpdwamwrmectrmies fimhisury.e Aofcoddingly, thematmaigs a
apparatus of, LR RELES & Ming MoGIHS Oh A3 arafR R SLAEL ¥ et bt EEARASC,

CFC, HCFC, HFC, or PFC solvents.

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 depositing 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,



di oxi de systemis provided to the substrate as a liquid. This is necessary
because the 20 liquid nust spread on the spinning substrate and the

vol atil e conponents nust evaporate fromthe substrate |eaving behilnd the o
non-vol atile filmform ng material. Wiere the carbon dioxide is utilizédﬂég°
a solvent, this is also necessary to prevent the caxbon di oxide from
evaporating too quickly to renove the cbnpound to be renoved fromthe
substrate. 2s An apparatus for carrying out the present invention is

illustrated.in, Figure 1._.Th ar al.us, conpri ses pressure vessel. 10 havi ng
an encl ose%of:ﬂ%‘f‘rﬁ’g\m‘lsf ?%é?@f’ﬁgp“?he RGPS OE oY gsﬁb’s]}ar?egta e pﬁ"l?lﬁgﬁ i's
posi ti oned depodifed oankd asfde chasbsysurher treatnment. Any suitable substrate
can be enpl oyed,_.in¢luding but not limted to glass, ceram.c, sem conductor
materials such ad€s{qréeoiie méj other qbiftian aﬁ@eg,ofiﬁ’e. PIESFNSANYEBHER &€t he

substrates digiened iR LARRE dLAR IS WALANPORERAnd helBedifi@@bR det ol bélB,abl € 13

that rotates the substrate is positioned wthin the enclosed chanber, with
the turitable being conprised of a holder 14 and a spi nning nmechani sm

(e.g., a notor or notor and %ngﬁssiﬁ egh égp é‘\% sspi nni ng mechani sm can be
enpl oyed, with speeds of ab ; ions per mnute being
typi cal. The holgigird 1 isussideadied ohanl gispatdies of tHe present ihivehtiod~0~ 4 substrate by

ditterenttal pressure |eads, and_a differentjal pressure control 16, thus
serving as a hoﬁ‘figﬂbe bis arsé‘?an‘ﬁWr?ﬁaﬁé%ﬂ?é st by ?’fbaﬁpﬁ’é'“%?gé}?er%ffﬁmfo t he

turntabl e WaidmiohhBasSHashdiad @ differ3RUAl SROME prbdirel bf BABBA QickideSbetiidbn t he
substrate could be held in place by any suitable nmeans, such as pins,

cl anps, 10adhashopdioxide in theichambes agndsphergtand cabemdiosidediavid dppasitvd oa the ngl e
turntable, asgfgscribed in U S Patent No. 4,640,846 (the disclosures of
all U S. Patent references cited herein are to be incorporated herein by
reference). A | ikjgice 8iispeasenatitview qfces thitdoametsbdimertt vd apreplpastd ofhtherber
above the substrate so that it can.deposit a.carbpn dioxi,de |iquid on the
Substrate URPSALATVAENGR FRIUEINE  WRIOF dicrse TR Jreomarie SUSEPisD TRy or
storing a cegehg thd Adind@ambgui d is | ocated outside of the chanber and is in
fluid conmuni cation with the |iquid dispenser by line 31, under control of
valve 3%. A pressure punp 40 (e.g., a syringe punp or a diaphragm punp) is
connected to the chanpRiailkv dsBpddn 8'thetGeiPrelilEhBo@infid® € the pressure
within the chanber to a suitable operating pressure, as discussed below 15
A pressure transeirben diggideds ¢ srpb standard prassrsescindipraperpirgsi Qae deaturgiof
pressure tr uGer: i t eV, i i RLSS Sk Q |l er 52
For control 1 1hg oy os REER B KrERROFIRER I o M e SRR her o
be vent ed idioside oydtemlis popvited nethegabstedeleda bquitli This54 negkssany bécabse the

apprecigted, skince. the cha r is_a clags syst em e an . initial pressure
i s achi %ve ! uf/é crﬁlé%;gslpﬁega%t ﬂ@gﬁéwa/f%g%? e%@uﬁ’g ﬁoggtgﬁn% Penésé Wi ti onal
mat eri al, pamporatel fomythe aubumnatedieavihg dehinguthél non-solatilkviikie brmiipomateeial hanber ,

ressure need to,be re sed..by venting through line 54 to maj ptain
P mE]'Qxll'xerf: tge carbon dxroxkdeeais ughze% asa sollvegt, thr}s ?s also necessary to prevent t.?xe

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.
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 tumntable 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



the desired pressure. A pool of carbon dioxide liquid 60 is provided in the
chamber’, which pool may be drained by |ine 61 and val ve 62. Such alpoq)l):ha{ii?
be used to control the 25 differential pressure of the carbon dioxide
between the |iquid deposited on the substrate and the atnosphere in the
chanber, as discussed below. If desired, the liquid dispenser 17

can~i spense carbon dioxide liquid, and the polyner or other conpound to be

m xed with the liguid and deposited on the syubstrate can be separately

di spensed SHPBraihBY shfffaeial araimar Teads. ynd 1 RSO AP PRSIGicP PGl tD. 361 qui d.

I'n addi tioneniklead hHbidingos RAARRE MeAE! Br RRYriRE FOGhHstied thahe Afirniadle t he
shape or rate at which the |IC|UI§ is dispensed, as described in U S. Patent

No. S, 392, o@nletthe prhstrpig.is spunciberihe dintable@ispbyt the subisiate|cruldi ks hedd Bppl i ed
to the top frac i d h i 7, and

t he substr aP? e eibg ar%glt% g{tgeﬂéggﬁg%f E&aﬁ %;ﬁl? 'Zst %l\%ﬁﬁs:’h]a%hésri&)e;r’ne%;wg!@&s@%héésaxi S may
or may Mot cpadbs prowidedydn 4 bieglsubsitabld, @) desribiédsinrV SuPatentido.chf4bdtodithexi de

liquid on the,top sur rtion of the,substrate, Lf desir the liquid
my be di suisares e S BR serBher SReGHER £ S bt esPrufERercltS | onary
t hereon, f qefeperig€y i od of tine before spinning is initiated, as described in
U S. Patent No. 4,281,057 to Castellani et 5 al. Either or (preferably)
both of the appl4i i dispenss Lhes Petitienedgins thep englesed athambar Ghevartheh t he
pressur e | bl £ RAHILH oK BaoS alAABNHTRAPRANS bn RILSUERE thbydPRmal, W th
the pressure 1 n the chanper "bei ng el evate y at least 10 or pounds per
squar e lonchl§(tpsiopzlap ot & FeHB0R reserddis B Or soiring lvarboe mpeidet liquad isnlo¢dted chanber
is 1 o typical intained at .fnom -53 or -.20C. te abqut 20 .30C. In
di tyon S LelTBE e ind s PO ot e G et B PR B beE Y U8 e

appl yi ng argd, spidentcégros tofpdiive 32.e L£aréssad mutip G0 N(e\whiod 8yixigel purpprdr)a i N an
at nosphere gonprising carbon dioxide (and other .ingredi ents such as inert
gases) whi 142 7R BHRPAY CQ“’&?%%‘Péﬂ? F‘%ﬂmr[’ﬁéghhaf 4bﬂ8§§%ﬁ%%ﬁ°€§?’%‘8r& i oxi de
bet ween t hepreatkoRitth ehe embérat iaduasil bedatt} fréSurs Ussf B&@sR@bblodn of 15 the
substrate and that atnosphere %Ba_.l’tl cularly the atnosphere i medi ately
above tHe top sufprrsaurpgprsdeeer P is prinseipdtorthe ehanger belipgéh Abopiessee 20 or
40 mm Hg t ] : o § s Al in an
essenti al | 3r%§%§%5#?&§¥aﬁg§5%§ésf’§%dt hi n Fﬁ'@g“é a t‘?&’ﬁ??ﬁg'&@%ﬁ%ﬁ i qui d
is applied Hurwhigh eews tre atooephezp plithiratheothamber Robe yemad ny astaaprolled n t hi s
case, an at here_of ,carhbon,di gxi nd _one. ar .nor 4] I ses or
i nert gasse‘gg'fn[e%.ra? fle'%gﬁl |%¥1r1711ne ﬁﬁt r%‘ e‘g{,ﬁ b%raé)gﬁ:,c la(t)‘ﬂ')%ysglg% %Sgﬁghgéérggggeoggl nto the
chanber vi asyktene ofde abinidalapresswenisedhievaiby biarging nthe chamtzer Iwitte pledsuadove i n

a contrglled manper, so.that the conpbsition of,th t npsphere wthin the
chanber 2 erfFTR A0urrsritionel metehah SATAPIAE ARABAITESS R iR Eerds] o

di spenser lthe cREmBbdiepréatftOnaytheadite ®e rélehibdiby WhrRing UB@UgH Ind SATYVRaiptRyi Ously
appl i ed rratqeiri al.s fromthe substrate, may consist essentially of carbon

di oxi de, wi PR IFIKFGPI§SAYFedi ents such as one or nore cosol vents (e.g.,

tetrahydrof uran, Ayl 8Pex8HE dickideohqli§ 68US BriA$deaBihnAd Charber SWRARRAY 001 €T C) -
When used as a carrier for a conpound to bée distributed and deposited on

the 3o top ®ay backaipet by dinedfl andevalvp6d.-r Sueh atmeel vay hsrised dxicaretrolithei d is a
M Xt Ur €4 Naierential pressure of the carbon dioxide between the liquid deposited on the

substrate and the atmosphere in the chamber, as discussed below.

If desired, the liquid dispenser 17 can dispense carbon dioxide liquid, and the
polymer or other compound to be mixed with the liquid and deposited on the substrate
can be separately dispensed onto the substrate where it is thereon mixed with the

30 liquid. In addition, the liquid dispenser nozzle may be modified to control the shape
or rate at which the liquid is dispensed, as described in U.S. Patent No. 5,392,989 to
Hurtig.

In operation, a carbon dioxide liquid is applied to the top surface portion of the

substrate 12 from the dispenser 17, and the substrate is rotated about an axis (which



cont ai ns carbon di oxide, optionally one or nore cosol vents, and one or r?
conpounds to be carried. Exenplary conpounds that may be carrled1by ¢ 007
carbon dioxide liquid include, but are not limted to, polynmers (including
pol ymer precursors or nonomers that polynerize or are polynerized after
deposition), resists (e.g., ~ ~ .1tisiv? i 002 6 photoresists, electron
resists, x-ray resists), adhesion pronoters, antireflective coatings, and
sol -gel precursors. Resists such as photoresists may also contain additives
t o i mpr ove®§ FRYGF BIFHinCt PRSP ffrswﬂlﬁb@suhmtehﬁoﬁwdw%melftaib@ﬁ diexipliqed s, photo

acid generawesgg gg?acteﬁssnidn% the Jh%stpéwtﬁd@ghno i L@trﬂafb@as Q:e$6pt to

allow for 5 che 'y "anplified resist tec g emxt re may be in
any physi ctle substrate iand lalhoiwmtasat utriremsin datiperysihenesn, fond pemodséforrse but

f bl f di .t h
i xtur o 1 LoUBoPUE B BaPucR el Uk rRR Shr RGP et c

preferapl yala fl uoroacryl ate pol yner. Exarrpl es of such mxtures are
di scl osed as the, polynerization product described in U S Patent No. | o

5,496, 901 to DeBithn@ (arefarabyd chodhs of dhe eppiingnsters angdbi pIptedteRet®i n by
reference. chﬂe@OQ{ e\flﬁ%@%&m@% rfﬁé‘t:haxﬁﬂé?@ré@téttH&Panﬁfs@%é‘Rpﬁﬂe%@reﬁ G, the top

surface portion of a sem conductor (e.g 1 con) subStrat'e substrate to
serve as agmmlo\rvéblﬂsetpre$hee imeth olmnahiep beide elqvqugd(byma}eaetom@li‘ﬂaoundscom ty

nodi fier s ti 19 ifgrease e. Vv her eof
and alter F %{;sq?%l gp%g% (o %8(@8 gﬁ(?of %ce coa tfm%era&lﬁehm {\})?;&g%ﬁ%’yg nmodi fi er
may, fo0 expiplle, mebmamed lat dtech +58 an-2000 wptto Abbhti 20 eanO°Co Imaddithse at he

viscosity qf the carbon [ t.0 out 500 or 1000 centi poi se.
The. car ban HPURIHE FRat (P pe Bt dieh (r DUDrardes B A%dsarr e stgs. b .
sur fact ant )ﬂ:etc@rrleﬂ(‘d&@%‘iw}WIe SCRIRAF R M‘cﬁm%kﬁhfe%n{p%@ﬁﬂg%b@ﬁ ddkid@EAt up to
about plus 20 or mnus 5 dynes ‘per centineter. Surface tension nodifiers

may be i ncP@G’é@gfedlqn%Wéh%“@ﬁ ghees) avdhisle mpinpining & Gffprentigrpagial pressweundary
of the carppg, rpeﬁ' lb'eﬁ“:'eg 1Pakd dﬂﬁgdlf))gla gulgr Pglhe% t%"ff?esgl{rﬁtzﬁggdiﬂlfoh ¢

spi nni ng thereo ts used as su S ce tension Irers should
i ncl udé5 a (L’@Z»ub‘malte @m@mms;dmeec (CaFicpladpitie aymosphemnichnagdéatdpahove thet he art .

See, 8 DeS m)n U.S., Patent No.
- oba. 0y 1 Fifelf pEon e s Bk SR Reru B ALBR0. 3R R0 b ot et by

ref erence 1@0,800 or MOOh@hHgent i r et y) I f de5| red, the carbon dioxide liquid

may cont ai n a c soI t hat evaporates npre sIo t han does, car bon
di oxi de (e. 8% JF desitadl L RBHL A1 SSeRUA SRR PISTR YRGB ar .
Xyl ene) . Sumxweatae&mt@dxmul uﬁiJEfbp%hé&rdbﬁﬁ‘g dh®xdrdBole) GgpKcatioy ahlien 30 be
renoved fromthe pressure vessel and d g in_a separate drying
o)

oven, &% JERBRNBAERSn 1n this pascesn emaosn@etrgq erzpon diopidle; and) OnesgE Ny
t echni que Rt Sl GARLOYSHerd 9a s@éj&'%e HRi B RS el, Qrgtoheoﬁ%@ﬁ)' dad Hceﬁ{aﬁg%é on the

substrate. The apparatus diSclosed in Figure 2'is simlar to the apparatus
di scl osed imo Hieqaiember viatige ﬁh@bmda'epteéimm thevcbamber Haling 54 aboverin| osed

chamber t hgr@hiolied manner, so that the compbsition of the atmosphere within the chamber

remains consistent as material is added to the chamber via dispenser 17.

25 The carbon dioxide liquid, when used to remove previously applied materials
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
methano! 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.,



7 ~J ~ i~ 1 ?_G-J? substrate, a turntable conprised of a holder and a
spi'nni ng nechani sm differential pressure |eads, and a |iquid di §p’en§br LUUZ
positioned in the encl osed chanber above the substrate so that it can
deposit a carbon dioxide liquid on the substrate through valve 18 to nozzle
19. A pressure reservoir 30 for storing a carbon dioxide liquid is |ocated
5 outside of the chanber and is in fluid comunication with the Iiquid

di spenser by line under control of valve . A punp is again connected to the
chanber by phpteessisted vlattvan tresistd, enate resisishr albstior Woretans,t Retirchentber . A
l'iquid car I.ox|.de I t e r N th a
carbon di 0%8 i éhgasogga P%gléljs ﬁgﬁgﬁaszlaggglé/hﬁ%&g%ft sn@pgp% ag(g11 herei n.
A tenperat laddatwesntormipireure l(thmgra;ﬁh@pn)"omanarmlucﬂegl dfssaslumdnemhd)mmobhmg coils
to maintain rature difference between a carbon dioxide liquid in the
pool acid taﬁg n%g i’%ﬁfh&el ike; g F PRIP GS1Y BRSPS RE° BITRY tﬁtaélot‘(/\fﬂ ch may
be det esm rBempyIRANpHtieddsad tdtRAGIGS). The aiifigle rﬁhly bahh eny ?Hjﬁﬁéaatfbkﬁﬁ sensor
positioned within the chanber and directed at the tap surface of the

substrat e, ieghediagesolitions| 918%%@%@@@%1@% the Rrefepelyather eigrm iokl er) .
Thi s Serve%f)l%%oﬁ‘ %} ?Jf?rpédeqxlxbo‘a;rﬁéﬁqg e ﬁre%’@&rﬁ I%H%%érb&?ﬂldme a' ning a

differenti partia pressure of car |0X|de - between the car
di oxi de | i quilebrapglymer] and ridre psefeiblyen flosrbacoylaefpdyreers ulbgumﬂefoﬁmtht hat

or OB to e SRR e mp Iran By RadkbRl: AR IRy PR el e

t enper afour & 4%, gmrtbrmésh@;dné @hdoamosmre &ff Whish s PEorpdrattaddicess b@&aﬁet@wde W th
thetenpertureaﬁg the2 a]lnthe pool belng cool ef than that of the
liquid on tAé B 5@?59@0 ‘i"%enéﬁB BIyreh a5 APk the 3P, susiece RoRicR & dat e to

sensing { erpgiahiiGor @. gd'sflfcgﬂ)es'ﬁi)st%ﬁl'gﬁh%to ssHEsa$hbioledist hi ckness of the
carbon dioxide liquid the 'surface of the substrate, may be neasured, and

the partial presBer earbﬁn dw%m lighigxmae qoa@in at wecosity rre@fbﬁﬁseuqhhéﬁi éno. An
al ternat e MEaRf Qo8R8 Bl ALSHE MRl R RRERRUEoPlrec 0T

25 dioxide 1sa r"ovi coo I'ng coﬂes 75 for
cool i ngist hesurfadd eoauﬁgt Hhe&hamﬂmgrmﬁdmﬁe:ran@e feexemplente nehided in twamoantr on t he

wal I s of the,.chanber us re e, car di poxi.de. romt e vagpor phase
above the sSBffC "ﬂ‘id°§ﬁ‘6§2ts?é't?"e.“3%?3§?’ i9 I‘h‘-‘aaﬂg‘?‘} 85‘?518‘&‘ HL“IP & 2R M 4 i ng a
di fferenti aloopaedtipdisepr essure is to 30 equilibrate the atnmosphere with

| i qui d carbon digxide at the sane tenperature as the | bei ng

deposi ted, but ad¥ PSR diexide kqwdymay eantaip aawrfaﬁ%ﬁm@asmegléer ﬁ%na gas

supply 1'i nesuffdctahr) R@ﬁ:c?e’%é@oﬁdé&ﬁea&é"ﬁ& sBifse 3NN AhSurk AFRY @Bouth t he
chanmber by fan in order to | ower the partial préssure of carbon_ dioxide. In

the ill3st roatius rﬁ)éumepﬁr cepHmeisy r Suifaess iension meshifiers iBaya be drdededdiooxi de
(g, o Rt ac@l doatam befle thprion se sk paistHEUR MACh A b o
so that t hesroatrnm forgwd orsmprsubstmwdmrmgasmraﬁﬂ:g)thenﬁoﬁxiSchefastamm natdkds atgdospher e.
of the procoRrey fokinn aas Bl it ol anl B EORERORE G OR0C, "
nmeans for Sandeireikabwhrig tise gar lseale $ress PaenoNo.CHB INBBAicoRESimonkiegale 3 is a
SChermtl; ¢ v nggt]::nt oaéj g&@ JLrlrl%hterl J) laF (t léll?i?stc og'ltzr%s ?)P wgic Cz)a?'et mlggrporated
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



station. The device includes a pressure vessel and a turntable, eskdntildl 2p?
as descri bed above. A robotic arm90 is equipped with a robotic grasping
menber 91. A substrate shuttle car 92, shown in the main chanber, is
provided on a pair of alignnent rails 93, |0 94. Shuttle cars are noved by
drive systens in accordance with standard techniques. An an ante chanber 95
(which serves as a pressure | ock) outside the main chanber provides a
starting point for the shuttle car. A receiving chanber 96 (cgntaining a
second shuftlisgaicap tamtablq cemprised @f agdhaddersand\acspipring machaniym.ediffsreriali

br ovi ded { gk 66 Lo Nohady AU Bef palifileadhlind URIILALASNON KL uphut L1 e

car have been treate e ante-cha recel ving chanber are
provi ded wistlstratepmrthstat cant deposit a ambor diceddediquikan el sebsimor dir¢uebtvableown) ,
whi ch door nabl th chanbers to serve as pressur.e | pcks. whil e the
ot o onis et B8 & of R dnb il ot Sofle RERBSH U BRI 0 ot be
fully depressideiofalt dhambesidtis & MeW couiunicatiemivith Ahd i dilspensén byl Ithespl ash
barri cade 97 around trt]e turnt abl e, prevents excess |.iquid f{,om spl ashi ng 20

onto the shifder &optsel of ¥alnet AaPWBD isAgain copBesied tq tha chamber by jine Mdrvalveade

robotic arnmg cRLASRhE GrelRAD ithirPhd hBMbEL. ?AQE{u?'d ERYorRhiox 8 fdbl Y& e
standard drive techniques and the operation thereof coordinated with a

control | er pressurh vassehispupplicnwith hecadonpdioxdds ligwid dydineddAcadvias koglingndar d
Lechni ques ., Togstdhgics 8T OROHG.ARM T AMVALCIERE SEENTIAS Ame

exchangi ng xcharPé nmeans ‘posi troned e enc
exchangbng ceolidg &lilsv bsintahe téinpéramrs iffeRshcs bEsleenh @adon dhvixitet liguid Abl e

wi t hout the need for opening,said pressure,vesse|. wi | ] be appreciated,
the exchandinhg® %{Ws‘hﬁé‘é‘g’%o?‘oﬁ‘g%%éf‘iﬁﬁﬁqsf‘%f Ear‘L%ﬁ$$P@séﬂ?‘g“ F_ggkbesystem_
as shown, @B@rfiR¥d iHYSiEREalleY SndMBr OF ofRF Quitdtdd teBRFAturk a6kor igdsitidfed he mai n
chanber, or may enploy a single Eressure | ock. 30 The foregoing is

i || ustrativéthét thenghapibes and direnjechet B tomaurfacs afdhe subsiielecaivsencitiyelys
limting tEﬁo@ﬁieﬁaﬁﬁhtﬁéqgﬂh&atuﬁ@;@&ﬁrﬁfep)\?\ghﬁsh%ésh9§"?1. ﬂﬁ@r%ﬁﬁﬁeﬂre% ve nay

be enpl oyed for ng t substrates e mnimzing pressure loss from
t he prd$§surcentedianisens By mainainingex adifferentialnpartizlt predsune eofr cben dicesida may be
nount ed on r or, framewonk of tr.aecks .confiqured to ve. t.h raspi ng
Tenber - bet waiseR e Soo TR B ofiB8 15yl hiilion B HRSutdl ASH 1D o
car. The shhHtatreospherenasydisduseldfabbee. elni aiprefened embbédinmntvire: adgacdthded

novenent nechani.sns). bei ng adapt.ed to noye.the graspi ng ,menber between the .
Tote chanbel Bnd Phs HEcuRs A ArEERe §iFeratn Soadnred HE GOeRaire

graspi ng nmegiesllddes pies beplimgeomiit fegRecsUCdntigiidbewith theteapdiahiroRf e Or 5 in
pl ace of the arm retractable conveyor belts may positigned to carry the
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subst r #0e AR I Bepedldemy epoer than thatfthe dquid Oﬁtthg substiatir- di/shorld alsq 1 yi ng
di ff erent &fe%&éﬁ%& angﬂ;ehﬁteemeﬁaﬁﬁg-texh{gégﬁmy% Bttt phaheash@t hons or

alternatives to, foregoing neans Wl | readily apparent to those
ski | | ed i n filmethipknesspafcibe ¢irrbgh ydioxidre ligwidemy the rsuifacedef thastbiimate, imeayf g | owi ng
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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 the 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



A spin coating apparatus for applying a liquid to a substrate, said
appar at Us conprising: a pressure vessel having an encl osed chanbel & Héter8{2
a turntable for rotating a substrate positioned in said enclosed chanber; a
| i qui d di spenser positioned in said enclosed chanber for depositing a
carbon dioxide liquid on said substratse; and a pressure reservoir in fluid
communi cation with said liquid dispenser for storing a carbon dioxide

liquid. 2. An apparatus according to claim1, further conprising:

di ff er ent i ith pr anesiugas (e &n pitoBe e Mhknt e vhich passgs Baaiehthe earban dipxids d
pressure Vv f J U i f L He. rbon di oxi de
bet ween anlﬂ?og)jt{3 r%)tshgﬁg? gﬁe;r{rgaggs:yé&gggq lgsaeJ é’ﬁgﬁ%‘gdre nglugaﬁg&l?:tgnro% lF\é}?ﬁ oxide liquid
deposited on safsiwillibsappateat to3hosAskitpparthe ars tecwethddsandtappatatisof the wher ei n
said differ esrét' al_pr.essure colgt rol means cor?ri seai. a Ifi ?l;ljcl d cearsb n di oxi de
reservoir 48 il{ﬁV%‘P@és‘WeeR‘?B ¥ FYa R0 £T BN ORI Y oY FERPC 8% i gur ed
for maisnt anfintigniag bk papial @etisne oficirben elogilebet ween a carbon dioxide liquid in
said reservoir and the car bon,di,oxioge l'iquid depo,sf ted on said substrate.

4. An appar at ustIgEE® df higFIEBatiq Weh o anghimated raultigleiubsteate SRIp SPathitessur e

control MegfifnC ORI deSRE iRMidd 8 hrlesFRSvIHIBAYa hinfteblk Nestdrnihly GORRRAb&GAL | on
wi th said enclosed chanber. 5. An apparatus according to claim 2, wherein
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accor ding 24 Shuhalema?s arelipived by devel sytdniscih@enddrddncp méhstarelagbetlirddueseans

mai nt ai ns differenti al rtial pressure of carbon .di gxi de. bet ween sai d
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controller operatively associated with said pressure vessel. 8. An
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connect ed 1.Q.iSR f Gk L ' i a
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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



0. A spin coating nmethod, conprising: applying a carbon dioxitld, |Jiigu2t?t o
surface portion of a substrate; and then rotating said substrate about an
axis to distribute said carbon dioxide liquid on said substrate. 11. A

met hod according to claim 10, wherein said rotating step is carried in an
at nosphere conprising carbon dioxide at a pressure greater than atnospheric
pressure. 12. A nethod according to clapm 10, wherein said rotating step is
carried out in an atnosphere conprising carbon dioxide at a pressure of 10
to 10,000 psi. 13. A nethod according to claim 10, wherein said rotating
step i s camgedb&ttte holdenamd tRSHNRECaE ONPEIsHUNEG GAMAGNtdIfDe dlRningRUdtheet hod
further conprising the step of: maintaining a differential partial pressure
of carbon #¥Mbrndeaspedisted Mmevement apesbanigmes) bring iadepted dadmewd thaerseiBBer e of
bet ween ab 0, - Y RIS S0 B L ?00?...14 t hod
accordi ng ?%B%%gP%B%§§ 8 g¥%$%h%3§ %ﬁbp§iﬁﬁmgﬁﬁ @gﬁggfng%s?gésugééﬁgarried
out in an sechased gedspinganembadmanibe rephdddanith AGusticphél. claradd@ttbnotetorby:
providing a reservoir of carbon dioxide |iquid within said encl osed
chanbers ~ alidPlaesiniitbe pipgetragable spayeyor peltgmpy b ppgBonsst iRearY the SYsHasn

di oxi de i gui¢ e [ se ' g i QX defLL Led to
Sai d subst s fiofh ARIIAES K KahapRES: SNEL BRK 390ef G iR SRR

wher ei n satehld el ernployed dNnnieadisngiditioniab vadfionalof iatématites 1o the feregbinged
chanber, and said naintaining step is carried out by: supplying an jnert
gas to sai BreantVHl g readiiiseparensto thoseetkilded ncthe A récqoe)dleglai HeII3VeRtioar ei n
sai d appl yin i -are. ¢ i i | gsgd ;chadder
sai d encl olssege‘gﬁgn%)gtrlﬁ% g@%e”ﬁkg%? gﬁ%f ggg{égﬁ%gﬂgglqﬂg%& lgglﬁdt%ng?ﬁ%al ni ng
step i ¥ catheradnl out by: cooling a wall portion of said pressure vessel. 17.
A met hod according to claim 10, wherein said liquid conprises a m xture of
carbon di oxi de and a conpound sel ected fromthe group consisting of

pol ymers, adhesion pronoters, resists, antireflective coatings, and sol-gel
precursors. 18. A nethod according to claim 17, wherein said mxture is
selected fromthe group consisting of solutions, dispersions, and

emul sions. 19. A nethod according to claim 17, wherein said conpound is a



fluoropol yner. 20. A nethod according to claim17, wherein said conpound is
a fluoroacryl ate polyner. 21. A nethod according to claim 20, wher gi n ﬁgagmm
m xture is a solution. -12 It ~I ~J j 22. A nmethod according to clai'm'l0,
wherein said m xture conprises a viscosity nodifier. 23. A nethod according
to claim 10, wherein said mxture conprises a surface tension nodifier. 24.
A nethod according to claim 10, wherein said substrate surface portion is

pl anar. 25. A nethod according to claim 10, wherein said |liquid conprises a
m xt ure ofFrhaVmichds 6)dimeddsrd a sol -gel precursor. 26. A spin cleaning

met hod, conprising: applying a carbon dioxide liquid to a surface portion

of a substrate to forma liquid filmthereon; rotating said substrate about

an axis to di syri butegsaceathR dpphratlis I £1ihsHliguidno aalskuarD 4l apSaraad
cleaning said substrate by virtue of applying said carbon dioxide liquid to
sai d substpmpssingherei n an essentially constant atnosphere is maintained
during said nethod. 27. A get.hod ac?orﬁli H%Tlt Otﬁl al m 26, wherein said
rotating said SEBEPPEESEhBNNGR efed shap NgEe sai d carbon di oxi de
liquid is carriaggmeible fof rétbtimd ARmRHESE PosiObREd inisald dndlobaictinbetr;de at a
pressure greater_ than atnospheric pressure. 28. A nethod according to claim
26, wherein saidiquist dispanseroesigionehuysaisk eclased, chambes fordepesidnga Gagivne sai d
car bon di gx| I eawhd j.e ut in an atnosphere conprising carbon

di oxi de a@wﬂ%rﬁe %Pfgs%é Sﬁ%lh{at)e’ %64)000 psi. -13 ~ ~ ~ ~~ ~~~ 700z 29. A
met hod accor di agréssurelresemaz6in fillid canmuaretion witatshiddigaal dispanbatfondteriapout an
axis to distrihute said carbon dioxide liquid is carned out in an

at mospher &2eRFIeIIY 4 bon di oxi de, said nmethod further conprising:

2. An apparatus according to claim 1, further comprising:
differential pressure control means operatively associated with said pressure vessel
for maintaining a differential pressure of carbon dioxide between an atmosphere in said

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-



maintaining a differential partial pressure of carbon dioxide betmeen sai d
carbon dioxide liquid and said atnosphere of between about 10 ang nmm
Hg. 30. A nmethod according to claim?29, wherein said applying a cartb {2002
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 encl osed chanber, and said nmaintaining a
differential partial pressure of carbon dioxide bet ween said carbon di oxi de
liquid and sai & at ne%tpﬁ@@eatm%acc@rﬂn@dociﬁlmb%/wmrmsaid diffeaertiad pregpire  of

carbon diogxid ncI a trollin

Cener at oot niuttale n i it B RSB o PP R e e o 1
and the cathedpheicaniddgidlcatbondicidd liQ@dd bob&diceh Mnoaamwﬁamg portion.

31. A nethod according to claim?29, wherein said applying a carbon di oxide
liquid to surface portion of a substrate and rotat| ng sai d substrate about
an axis to distsibut i . di

carried out |nt7an enc %@g%t@%?@@}n% e q@all mal n Iﬁnﬁhg %&‘%&Eﬂg %?”gtﬁ [5
parti al pro@sﬁuvayQﬁso@@td@l&ﬂitlﬁ&@d{bfb@s@ebmam said car bon di oxi de i qui d and
sai d atnosphere is corned out by: supplying an inert gas to said enclosed
chanber. 32. A nethod accor ding to claim?29, wherein said applying a carbon

dioxide liquidgto s r S L

substrate about an g(rlf |%scth?8:aggt8%lsazllﬂ tﬁ{ gﬁ&ﬁpgéﬁ%grp E{gcg]lﬁr?gé%n sai d

subst r at e camreectedrto sad pwsune vessal terfactlh&mjplahagberemcazmg saibdtraeifonasad ng a

differenti ﬁll ‘[))al’tl al pressure of carbon di oxi de between said carbon dioxide

l'i quid an§ 9 at nosphere is carried out by: cooling a wall portion of

said pressure vessel. -14 ?d, a ~,i .?0~? 33. A nethod according to

claim 26, wherein said |iquid consists essenti al | y of carbon dioxide. 34. A

met hod accor di B¢ t o Al apiparaR®, acerdingi ta ckamnd , mpmpﬂﬁuﬂ fxabengiog tieans | s

pl anar. ASY
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| & () -! | $hreldd¥dd duin dn biebbsed @l hBdrEard sald md¥ahhifk &ep is @arried out by:

g10%}| & () - G'RTaB~ @S' Y7 10%}| & ()-53" 10%1| & ()-34 10%| & ()-2"109%4] & ()-1
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109 ()- 100 PR BlAP LR g et PoEh i osmon digsios ipiginrd

" 10%VE' () rebOME anji-tie dBBOVIRAiIOXdE BYAMEl dpplibdto 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
¢arbon 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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carbon dioxide and a sol-gel precursor.

26. A spin cleaning method, comprising:

applying a carbon dioxide liquid to a surface portion of a substrate to form a liquid
film thereon;

rotating said substrate about an axis to distribute said carbon dioxide liquid on said
substrate; and

cleaning said substrate by virtue of applying said carbon dioxide liquid to said
substrate;

wherein an essentially constant atmosphere is maintained during said method.

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 psi.
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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

reservoir 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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