1 SUBSTRATE PROCESSI NG METHOD, SUBSTRATE PROCESSI NG APPARATUS, PROGRAM
STORAGE MEDI UM AND SUBSTI TUTE AGENT 5FI ELD OF THE | NVENTI ON [ 0001]

The present invention relates to a substrate processing nethod for
processing a substrate, in particular, toja substrate processi ng nethod
capable of, after a process to a substrate by 10 using a process |iquid,
rapidly and nore reliably s I ] SS i guid remai ni ng on the
substrate with a substitutégﬁggh%gﬁ%?%ngﬁﬁgﬁﬂggdﬁgﬂ%ﬁﬁbthe pr esent

invention rel ates to @UssbstaTat BROLE 5 O¢@sAP AYRAJ b, at RO GRIYMpr ocessi ng a

substrate, |n particul atrba @ SHASHIA! APHISEBTTIGARPALEIHS capabl e of,

after a process to a s using a’process |1 qui rapi dly and nore

reliably substituting the process liquid remaining on the substrate with a
substitute liquid. 20[0003] rreLp OF Ther (nykginegsent i nvention rel ates
to a prograr% and a storage neditmstoring the programthat is configured to
performa substrate b@@@&si ng met hod for processing a substrate, which is

Cap?‘gl € Ofa af ter al Wﬁ%f%%és%@t A pLRBLhat & a28USiNG l@_u@rsp;éaeQSD@mEHﬂm )
rapidly and nore reliably substjtuting the process liquid r .qn the
substrate w th rBeEM®Stiof R @ I85§IRY 2 Fg%gﬁatéur'f]h%?%‘?ug,gr’t Oe%grglégéﬂgtg

i nvention rel at@gckosia g ubstiidditepaBl ageafteroa rosappliped somséiaie Bbj ect
to be processed, .so as to_be substij f | Ok sl 1 NG 0 +8
surface of ithe BB PIBCHR" hiHL stéeoa?j?‘?r?nggpﬁ?alcéu ar'%jbiﬁ/o@%ﬁ Lg'él  ite agent

capabl e of bei ngrocapsdliguahdremesingl icabl Hhesubshsratedvithr a e 25tta.
35BACKGROUND AR [;0005]

[0002]
In addition, the present invention relates to a substrate
15 processing apparatus for processing a substrate, in particular, to
a substrate processing apparatus capable of, after a process to
a substrate using a process liquid, rapidly and more reliably
substituting the process liquid remaining on the substrate with a
substitute liquid.
20 [0003]

Further, the present invention relates to a program and a
storage medium storing the program that is configured to
performm a substrate processing method for processing a
substrate, which is capable of, after a process to a substrate

25 using a process liquid, rapidly and more reliably substituting the
process liquid remaining on the substrate with a substitute
fiquid.

[0004] '

curthermore, the present invention relates to a substitute

30 agent to be supplied onto an object to be processed, so as to be
substituted for a liguid remaining on a surface of the object to
be processed, in particular, to a substitute agent capable of
heing rapidiy and more retiably substituted for the liquid.

35 BACKGROUND ART
[0005]




2 It is general to process, for exanple, a substrate such as a

sem conduct or wafer (hereinafter referred to sinply as "wafer") and a gl ass
substrate for display, with the use of plural kinds of liquids. As one
exanpl e, during a manufacturing 5 procesg of a sem conductor device, a
wafer is subjected to a cleaning process asing plural kinds of liquids for
a plurality of tines. [0006] A substrate processing nethod (wafer cleaning
met hod) 10 di scl osedli it #P2@03+ 2O T794Ass ntduersnapler cresdshmptst gpctbysmeans

of a chem cal 1jquLd,: i psi ' jrqpi zed
substituting st&!eggée%“\%ﬁ?%eﬁ{gg‘gé?%gi %%%mgtggtreqi g%éfggﬂset?ci?t E%%%pthﬁ gs
desi ccati ng ageémtafeshdaaddaydlags sudstrase @ryilisplaysubet theea!saorf ttHerdt her

hand, a _substrafigdar epeRaling 15 Aptoed ewahesicc! aanimp aehiadifadtsahesed in
JP2005- 5469A includes a processing step by neans of _a chem.cal |ljquid, a
substituting stEPCEASWAT ¢h Steﬁ'é'cé’ﬁ‘%ﬁ’icé%{) q%"d&?d 3 Walsis ﬁh{béﬁc%’cl &Oaa

desi ccating agentanand prodeys nsiagepldral ldnysngf diubst foat e. pNaatity ofi n t he
cl eani ng nmet hod.di scl osed in JP2005-5469A, a 20 rinsing step by nmeans of a
dei oni zed water''"$%oni tted, but the substrate is rinsed by substituting the
chemical liquid with[oB8&desiccating agent. [0007] In such a process to a

substrate using pl ural (e 0 or%dd i Al [ aPLRIREADIS, nidrienTs of
production efficiency, That @ ITquid renmaining on the substrate can be
subst i t ut ed Of ordisckisedt ipedP380GH 2BV O M tinchndEher RIrfEe®TNDi GiER PY be

subsequent |y usgdan@of RecROMIEAN Mguld, Ehenbiriistepichishag Derionized in
the precedi ng process remains on the subst |r)@tbe faor a oég)gi%ﬁ%l od of 30

time, not only WAEETr8dEEOSERUENG SGt&RCY N pMHBICEm hE Hakss ¢y
5); gggem rrgxé ocmc%umﬁﬁite@ﬁwmhef F@std@?tmg)caﬁg@aﬁ @fnﬁJ@aﬂ)@ia@ﬁw iiﬂdl
5- 5469A, en the chemcal liquidr ins o e t : ong
period of ti ne,d’iyﬁags%bgéjtbr%f%tei's (IP%C 9 §?€$62m(£dgbi/u?ﬂg%@rﬂsgéglpgqui d
only at a [dsitinethod 3%akbi chieaménghenettald)l idjacldsedmanndP2N8eb469ANn t he
surface of one . te, urfa D kddiviiglid
substrates, 3 '?'#gf(%éesgrage[)@;&/ﬁrg{)ngi TeE‘gE?’oPg’t Eﬁégﬁ%cé}g? b%er(k:%r?}réés% nc;ﬁphrﬁ faor m
In addition, wembitidinmisier ifavbich dhaideroral Hbwdpst 7 Eifdrdaviting
period of tine,,agiebheAyBYeRECHRAI B GRAhg! Beep qBRI Binagdel amaedivat er
reacts with oxylﬁen and the substrate SésH c(ﬁn) SO as t%%ﬁj%rﬁa{@
wat er mar ks on them&l¥stirate qepogd method gisglossdydt ath Ji r 8cent
m ni at U(rji zatg onvipkira etesWwy rpahherdt af deioseredonduat or odelttesd, but thecomes
nore and nore inportant .in.the futur ke, | ossi bl,e,. r.Qcess
liquid 10can besn@b?téa{]eel'?afb??ﬁ%&ﬁ’sﬁ“?’ﬁ%ﬁlﬂ%@r tééscﬁbﬁ%"g%rk'%gﬁ%fhﬂp?r{r@% in
desiccating agent.
[0007]
In such a process to a substrate using piural kinds of
25 liguids, it is preferable, in terms of production efficiency, that a
liquid remaining on the substrate can be substituted for a short
period of time with another kind of liquid to be subsequently
used. On the contrary, if the liguid which has been used in the
preceding process remains on the substrate for a long period of
30 time, not only the production efficiency problem but also the
quality problem may occur. For example, in the processes of
JP2003-297794A and JP2005-5469A, when the chemical liquid
remains on the substrate for a long period of time, the substrate
is locally processed by the chemical liquid onty at a position on
35 which the chemical liguid remains. Namely, in the surface of
one substrate, and/or the surfaces of the plurality of substrates,

i



both a single-wafer type process and a batch type process. DI SCLOSURE OF
THE | NVENTI ON [ 0009] 15That is to say, the present invention has been nade
in view of the above circunstances. The object of the present invention is
to provide a substrate processing nmethod %nd a substrate processing
apparatus, capable of, after a process to~a substrate using a liquid
(process liquid), rapidly and nore 20reliably substituting the liquid

remai ni ng on theesdbgteat ef witdyraski guitthet @rbeessbsequees| ypoasediform.
(substitute |iquid),.,.[001 ln. i.t1.00n., .Abj ect sent
invention is t np?é\?i’%{gg’a%m%%r%rﬁ%ﬁﬁ'%d(gt%é%er%re |'ﬁf9n (grtqotrr%fngslﬁ[gﬁg%rtrgogr am
25 that is conffoguseibrto qeniddr of aiswbser areb rocEsay ngcet hodtlealpdbre of ,

after a IOrOces%emaif’mﬁ?‘?ﬁéﬁbtﬁh%cf%d}%r%e'aic%ﬂvﬂtﬁQf)@&t?e%s aridath &)y bisapitdl y and

nmore reliably substitu iquid remaining on the substrate with a
liquid to b& suUbEERBNET PSuSed st MATEEMAEGI ) theoistigte
Further, the present ppwention relates to a substitute agent to be supplied
onto a substrate so as to be substitufed for

fefal

quuid.reﬁaini on_a.
surface of the subst PRIENSIHCRAeNctll HIE TERENDHTELABrZEHa o PEdent et
invention is tmymenr dF a sabstdrnidicodbdgeine, cdapadiemel teiregandpirdirg and
nore reliably substi liguid.,, . ] ; ve
JP2003- 297794A *M%Eﬁ%gﬁ%%éﬁiﬁﬁﬁh%% K& 'gég%gﬁloep%hsaetda_t%g&egggb stai tute
liquid havilly acdrower nsore aedabensiudistiteted fomyaratotiopeerherf timeudad as a
substitute |iqu)g, wgﬁ}ggimﬁfgwgﬁ%spﬂd&%%r&@réabataﬂtpaeapr@e@ggr ate is

rapi dly substituted. e 1nventors of the present invention had
studied in detail an influence on the progress of substitution, which is

caused by not only the surfapestension:pE TsonNENTEIEensity of the
substitute |iquid, TT&@ ﬁhe inventors 10 found that the density of the
substitute liquid as pl9 as the surface tension of the substitute liquid
has a greatis npact omtidheisr apighy, ytiod pelseni timvieortiandashdeoesl imabid iiny of

LS TaPstl ot e el 8P ERECAAANERL ! O AREE 4l presgaroh
techni que, af t envanpioscdssta deaz’Vs'dlbs@raltl'ésﬂﬁﬁt@spﬁyl%sﬂiﬂ@)cfé@ihpﬁqaﬂd, athe
5 b R B AR AL, o el st afjoretes it
' substrate using a liquid (process liquid), rapidly "and more
20 reliably substituting the liquid remaining on the substrate with a
liquid to be subsequently used (substitute liquid).
[0010]
In addition, the object of the present invention s to
provide a program and a storage medium storing the program
25 that is configured to perform a substrate processing method
capable of, after a process to a substrate using a liquid (process
liquid), rapidly and more reliably substituting the liquid
remaining on the substrate with a iiquid to be subsequently
used (substitute liquid).
30 [0011]
Further, the present invention relates to a substitute
agent to be supplied onto a substrate so as to be substituted for
a liquid remaining on a surface of the substrate. In particular,
the object of the present invention is to provide a substitute
35 agent capable of being rapidly and more reliably substituted for

the liquid.




20The substrate processing nethod according to the present invention is a
substrate processing nethod conpri sing: processing a substrate by a
process liquid; supplying a substitute liquid onto the substrate and
substituting the process |iquid renaining4on the substrate with the
substitute liquid; and 25 drying the substrate, after the process liquid
has been substituted with the substitute liquid;, wherein the substitute
liquid used in the sub8tifution of the process liquid has a surface tension

that is smaller than;a ﬁ}%r%%?’%et?@?ﬁ)@fﬁ ﬁﬁ@@;\péngmd)wmbg@n%ar@enaty

that is equal to a dens rocess In thﬁ: substrate
processing met Huab d@%&j’ﬁdpﬁgﬁﬁﬁd h‘é\ﬁﬁr@seﬁﬁbﬁtﬂﬁ%ﬁt |“(§W'dt ﬁé‘-’éﬁh%sf‘l e i qui d

used in the SUbﬁ}r'fééE'tgﬂsxon (e.f ﬁahﬂowmgé@hénqw dseadat he srteersse ! i quid
may be sol ubl e in 35each ot her. £ ddi ti on,

t
substrate pPocdikiifly WBERDRY a2 cB Qﬁer?é ESW%erW@é@ﬁ‘tg |Oﬁ\/é3nt§%tr%%ﬁ is
substitute |'CILHa(i‘)t@lls/e@ulb@tthh&CSUbM&énwhOe afhe heventmessfltimm:d'emyttbe

nore vol atile than pracess I|qU| 0 6

substrate pr océgé’fsﬁg'ot‘r‘et ﬁgds‘é\‘bddgp §e¥%' ar{i bﬂg SENE ?"nL:*\L/‘[g1 |ong %]‘(he process
liquid may be asubagitiudidrorubithofs aaw\mdalby nat tomey ghissturdaee ;im@m.bng

et hod accor di sh9, ry@ﬁeﬁe%%%ﬂ} of WYLt d;uttaqmggestwtm Qi deiised in

the 10 substitu rocess a m xed qU| do
wat er - i nsolt@bl e‘olurqimtbat'/\ﬁlb@e d@@écﬁw |oé élfa\ﬁuﬂi’ygtltslm ali gehd taﬁawel éﬁdt%@
wat er - sol ubl e 1d.quhds WaeSE S RECHAE Gl AUty Fcéu&ﬁ'&ia'seé b hear 1mpact on

Al t t | th bst t
Cvent fon. -t he BERiEkiteol FARRHOGSER A1 TRE TEbenbes: DLe s tE ol ccess
i ?U' d ”Fyb:?e ?I\iﬁh?@dﬁ |t§ﬂéJl gr@iebr&t Vm{vehtilomasmlsubi}@séd quid thusl aesearch. .
wat er - sol ubl e ui substrate pr r e
present i nventl’%ﬁ Ortdﬁ%gvxé e?hfen?ﬂ;faﬁ%rlﬂé R\ %ﬁ%ﬁos%%ﬁ%‘p%ga% Ivgzlgg'? tége of
perfl uorocarﬂooncoﬂnymtocbrhwiot@dmsboa afyeir of p uorasst hera supetrate by using

hydr o- chl or of | ugsf%%relggpﬁ%%ﬂd tid ug?b@&&ﬁﬁ%‘ﬂd alrRBRing! Hn agHl 5LBBrate the

substrate proce to the present nvention, the

wat er - sol ubl e I¢Eqm|me fagre rf@l'@@é\/aﬁuh%gsftte@n‘é"%‘f 2aPHBRELYEE al é%@uofosf a

ket ones, esterssh?mg ?e%?dﬁ $f t[A817] 25Further, in the substitution of the
process liquid R substrate processing rret hod according to the present
i nvention, a steam oft90d8Isubstitute I quid may supplied to an area
surroundi ngpg he substyat esu@@d'atée miceassimy cosidense acnotdiegsubst thee so

that the SUbStIE)uéseenltls l\lee%tllosn |s pI 'bsgraocgté)r &%sing method comprising:

processing a substrate by a process liquid; supplying a
substitute liquid onto the substrate and substituting the process
liguid remaining on the substrate with the substitute liquid; and

25 drying the substrate, after the process liquid has been
substituted with the substitute liquid; wherein the substitute
liquid used in the substitution of the process liquid has a surface
tension that is smaller than a surface tension of the process
liguid, and a density that is equaE to a density of the process

30 liquid.

[0014]

In the substrate processing method according to the
present invention, the substitute liquid used in the substitution
of the process liquid and the process liquid may be soluble in

35 each other.

[0015]



30 substrate. In the substrate processing nmethod according to the present

i nvention, the substitute liquid used in the substitution of the process
liquid may be a m xed |iquid conposed of two or nore kinds of |iquids, and
the steam of the substitute liquid to be supplied to the area surroundi ng
the 35 substrate nmay be generated by supplying preset anmounts of the
respective two or nore kinds of liquids to a heating device and 6 heating
them by the heating ﬂ@%ﬂﬁﬁhohO@ﬂ&he substraTheprogbssirat 8195Moce8s¢NEing

appar at us accor din 5ﬁ8t o t g%“ ‘thgwegitdé)nﬁ?%qmg at 50%%@ ngappar at us

SCorrprlsmg con igur'e a substrate;

process-1iquid ssumpitytlpalrof tbafprguesd Hauslpphy be ﬁ?@@eé@qq‘l&um)@ﬁ spe
processi ng thepsr g_g% (ﬁl gqa substitute-agent supply part configured to
supply a substitute id having a surface tension that is smaller than a
surface tenion of tIE@ b%cess liquid, and 10 a density that is equal to a

density of the pr009$§1riﬂéluhﬁ| t?@@uasﬁm@ otoctesice menfibguemrdongdnt r ol
supply of the process liqu rocess I pply
of the substit € Pf%ﬁﬁrﬂ ‘Wefn‘gé)ryugﬁolptrﬁfjgs%é%’“qﬂ%gp& )éaﬁﬁh dszgﬂﬂgﬁat t he
process |iquid gfeanivitag obntire sulistraite Arscsabisid meﬁwdmawomwg to
15substitute liquid, %% r{]t ]mv nt!onTh?néuerSﬁ{] Sq;t%tgrqﬁﬁggl ngs@cppa,ﬁattﬁg

according to th‘c r8§ i nven I'on 'ma er conpri se: pl.ural i tfy
ducts conf iigur eﬂlﬁsttimﬁapecxﬂ Veﬂéyprslﬂ@glsy“pluﬁ alnai R§s aof”‘P‘ieauifﬁé“q *'b8 20

mxed with eacm]gg}e instfluBRe | {QuEPR b ddl kB ekl @‘ﬂ@@ﬁ:}f‘tigt@rd}éﬂtﬁh&in iamdda

m xi ng unit co respective ducts. and t

e subst.i utﬁbarg nt
supply part; whereaver heludbntpid d@&ho(,s@ FRECHY: YEBKIY ofSsS tﬂ t
liquids fromt hﬁlt@H@éiﬁvel Gh thatspistsate a;fme@s:rcg mbé‘msabsepﬂmtrdm Itoqw ds

are respectively supplie "from 25 the respe u o i uni t
and mixed with ‘ﬁ'&fch%?ﬁ%‘? b{ M HE P i ﬁBeunﬁL{ 5% Cl@"géner%% tﬁ the
substitute1lg qu.cbst[lﬂﬁ%ﬂ of the prAldemsnaiiwel maw et e Meiesh figtéd prfo@essi ng

appar at di h h 30
cotr ol “ai schar gater freURP AR PREC S Aared” ?'Eﬁﬁrﬂg%gfg't CSP?&%:%

di scharge of a stlesimabé proecsubstimeaihed agending g e Ps
supply part, %”\‘/@é etbh%s%tm@ ofiqlhe %ﬂ@%t' fHHgd e CBtl dlé&tSUQﬁél ot to an
n

area surroundi strate that ha e

wat er, 35 and th@fﬂlﬂ%@qﬁépéi’h r enai hVﬂbOfé)%o'f‘?fé'R?ﬁ’B‘strat ewyg ‘Bg'fqet %te&d W|th
the substityje higeddHemnmreendssssd nd t feusubetated alcohol.

addition, in the substrate processing method according to the
present invention, the water-soluble liguid may inciude at least
one of aliphatic aicohols, ketones, esters, and glycols.
f0017]

25 Further, in the substitution of the process liquid, of the
substrate processing method according to the present invention,
a steam of the substitute liquid may supplied to an area
surrounding the substrate, and the steam may condense on the
substrate so that the substitute liquid is supplied onto the

30 substrate. In the substrate processing method according to
the present invention, the substitute liquid used in the
substitution of the process liquid may be a mixed liquid
composed of two or more kinds of liquids, and the steam of the
substitute liquid to be supplied to the area surrounding the

35 substrate may be generated by supplying preset amounts of the
respective two or more kinds of liquids to a heating device and



[ 0021] The substrate processing apparatus according to the present
invention may further conprise: a plurality of ducts configured to
respectively supply plural kinds of liquids to be 5 nmxed with each other
SO0 as to constitute the substitute liquid, a mxing unit connected to the
respective ducts; and a heating device di gposed between the m xing unit and
the substitute-agent supply part; wherein the control device may further
control supply tfatihe thiequibgstHfea oretimg dagtes.and heating 10 by the heating
devi ce, such that prﬁ 884 ?rmunts of the respective liquids are respectively
supplied fromthe re cfg ve ducts to the m xing unit and mxed W th each
ot her by the mixing [Eﬁlet stErdratifat PrafESH A uPePefatife REGUIdIRI| $0t HBReaf t er

heated by the Dﬁ%rs'eﬂg devi&fisP as te genpsaterd hepsiceammf thspdfatus
substitute |iqui

Al'ternatively, the subsirate proceSS| ng
according t& t HOTPPESENE: ichVEHEBh Waly FBPE‘HEFG Bohprigld: & Sﬁ&%iﬁzﬁiety of
du;:';]s CORfI ?Er%dc@sée!fdﬂ@l@t Eﬁ(?b%&/ ?gpplcym}ﬁiggn?ld%)kzmdmmff & |m|mc§sstlﬁ:;t§f m xed
Wi each other, so as to.constity st e gp and,p, heatd ng
and ni xi ng uni tT50PEBTFARYTEd PD fﬁﬁ nd" g éb it 8- 2§eht " S lppl y
part; wherein tdmfomuntadko dewipde araybEtitt tetiquaththaoling uppliyfaste teesiPnqui ds
fromthe ducts and eahiy rm%r%a%hs NF3hE% AR Mar i Sug'ﬂb&esss%‘é%séh%hdpreset

anounts of the Yéspéc are respectivel from t
respective iducts cte@snheth@bﬂs ﬁ@lﬂ% tand deRsiRY anme Déﬁaﬁfhé'tqti'ﬁe ANYGi ds

are mxed with @«ﬂf&bopfd*é%ﬁc@@enhga&éﬁl Ry cbherd1eaipmg endnai wmsgnmu@o as

to generate the steam of tesuitltutellgwd Al t er nat

substrate proce®%itg RpPaFEIi§us IR Mg PRt 13l r?r“@%}‘ltog XS %\‘%ﬁt'ﬂfa&?
further conpri Sﬁ?qua@ B uhal stilystofutdustent eohipgyrpedt t suckedbeatttheepyo@Essuppl y

pl ural kinds of uids to .he evaporate d r as to
constitute the g‘i”égj SMeRENGuRT | ?E&?eﬁq“b%?#g gatéllan%& :égegmggnfﬁ%%ured
to heat thelq espeedtittgediguis;, and a m xing unit connected to the ducts and
t he substitut e-agent [ y part; wherein the control device may further
control 35heating by ‘the "heati ng devi ces and suppl¥ of the liquids fromthe
ducts, such that preddie apebsirater Proeessinli BPRREUS PESHEENEy Py &ppl i ed

fromthe respeCE)%é@%r&U%éeﬁ@oﬁhﬁaav Xﬁu@%é‘ﬁ'éoﬁ‘\/ﬁ'rs's@ thepluﬁﬂ'i‘tQS ofir éubeat ed
by the heating devices, and m xe m, Xi te the

steam of the suBifiigured Itioqu?%lpeqth"ééfcﬁugpé\ﬁb@?‘f é< %&%c%séllqhﬁgso\p arat us,
5 the generzgj ednﬁk@@rmah bheh satbetidaites to quirdtiraye ibedssbéatged litiuain t he

bstitute- t t .
substi (Ut e-agenl SUBpLY, OrL Jhonh LI 2 65014 S 8808 Burid SRITHE 0%
according to theubiiﬂt@eeagantlsu\p@m\ylmt W@emhdﬁhﬁjcaﬂtﬁolwiﬁﬁlfwr
substrate such Lpal fNe SRSt @tfe i Qe GlOMcRs NALLROMA! pdbsacti on.

Al ternatively, he™ su e proc ssing apparatus according to the
present inventiamourie hbtie rr@SDﬂFE'Vﬁéjﬁi%‘ldﬁu@[%ﬁ%@l%q?tyv%‘dl ﬁuﬁpb?ﬁrfé?mty of

substrates ?%Ch 1@%%@%@@%&%% ahe Biixend ahit5ah@neigedentitrcatach

appar at us ascor AHEY by HReMGKGSeH G Hy iR FbAETERELS Hue SURSEBUTE JUTCand ¢ he
process |iquid may beg@muiapl e in each other. 20[0024]
Alternatively, in the substrate processing apparatus
according to the present invention, the control device may
30 control discharge of the water from the process-liguid supply
part and discharge of a steam of the substitute liquid from the
substitute-agent supply part, such that the steam of the
substitute liquid is supplied to an area surrounding the
substrate that has been processed with the use of the water,
35 and that the water remaining on the substrate is substituted
with the substitute liquid having condensed on the substrate.



Further, in the substrate processing apparatus according to the present

i nvention, the substitute liquid may be nore volatile than the process
liquid. [0025] 25Furthernore, in the substrate processing apparatus
according to the present invention, the holding unit may hold the substrate
so as to be rotatable, and the control device may control the hol ding unit
such that the substrate is dried while the substrate is being rotated,
after the process |iguaihas been 30substituted with the substitute |iquid.

[ 0026] e 1L oLHE ! eI JBEsRtDohpBhPaRI0CRRS M APRA! BiiS

according to the pr t ‘rnven the proce
formed of a vvameseBB[IO@EYl]tiGl’héﬂpf}’o@#ﬁirheécééf“f&ﬁ“ﬁ@@toa tmé'r%viéééﬁt d:L&géntl on

S 3, 3, Brogr AL aXREHEADLE [k ROy Obugioni gRAInKirglr of m@umntoobea

substrate proces aratus, the program ne cessing
appar at us, ﬁpoﬁﬂ@(ﬁ@cm'ﬁbﬁfﬂdﬂb Pﬁ@efééﬁt?%l OdEWE'é!:“%ehF%rs ﬁ%tf'(ﬁfg
Iproce35| ng rrFt %Oﬁh&@rlf@)[)urtﬁt[tg)tnne&tEEiO%ESIan@[?esﬁbﬁi [iatt-:s byng @r%?s@gt

i qui supp y|n a substitu id an e ate.an stituting
t he process Ilcﬁﬁ ¢ endi TH an b% VgﬁBstr wﬁﬂ%ﬁﬁm gu sti tu‘fe Iflqw d;
and drying the %@bﬂsﬁtnaéweag@‘fti au piplye ;pasrctces@elreqml@ehézgnbl‘éénd%ﬁfﬁWaved
wiih the substif i Lot 1§10F ERe IRfiN8GT ABhe tndQldgubfausesting t he

substitution of process 11 has a surface tension is snﬁ | er
than a surfllce yenBion hebtitge BMU‘@SS Sq%lwatanﬁrea?e@er?ﬁ‘?y”ﬁapf $NBqual

to a density of.LRE ALECRESIdd gHé@esb@@?i@]ehl%'ﬂ’lﬁjiﬂicpgﬂ’cam goragpeotdeum
according to the present invention is a %a W% or| ng @, Pregram
n

execut abl e by #USAt F%It%M%'”&MW‘Bﬁ b%tthr t 8¥processi ng
apparat us, the fngggamnmekeRg thet Stuléstm:aitar@r@fcebm nguaqspas dihesgatieon

t by t trol . d t hod
compr1 51 ng: pr QEAEANGY 4" SubeeTRPLTBYCE B G5ats SETEIIG CRESEFSRD bFgnet ho
substi t ut e 1l5i quiubstritudet higisdbst r atdteandtivwgbgt i the i ﬁgb?ethéttpr 6E@E®S9INqui d
remaini ng on t p;faﬂ%%&gata%c\g'r qc,thgo Sﬁl?ét r@%@nk' kit gnd n‘i’zﬁ\)" 'Fgrttﬂé‘?

substrate, afte focess en substi t ut ed WI th
substitute 25 dqrqprlée vﬁndﬂéi’h“&m@fsq}ﬂgﬁl @Qﬁﬁfégur% 8 PSPFq We(!y,esuppty

substitution of,the priegesss i fHLY f@%@ Wé@cﬂtﬂﬁ@%lcﬂnoth@t dcs awmabl er
than a surface tenS| on of the proces

a . density that qual
to a density ofCQﬂﬁé’tb‘rtﬁc@t% qu@ﬁitateﬁwg} %rfﬁh% %ﬂ%’f?ﬁﬂ% "HEene é@%or di ng
to the present dgmpsiteantdsthe ducts and the substitute-agent supply part;

wherein the control device may further control supply of the
liquids from the ducts and heating by the heating and mixing
unit, such that preset amounts of the respective liguids are
respectively supplied from the respective ducts to the heating
25 and mixing unit, and that the liquids are mixed with each other
and heated by the heating and mixing unit so as to generate the
steam of the substitute liquid.  Alternatively, the substrate
processing apparatus according to the present invention may
further comprise: a plurality of ducts configured to respectively
30 supply plural kinds of liquids to be evaporated and mixed with
each other so as to constitute the steam of the substitute liquid;
heating devices configured to heat the respective ducts; and a
'mixing unit connected to the ducts and the substitute-agent
supply part; wherein the control device may further control
35 heating by the heating devices and supply of the quui_ds from
the ducts, such that preset amounts of the liquids are



a substitute agent to be supplied to an object to be processed so as to be
substituted for a liquid remaining on a surface of the object to be
processed, wherein the substitute agent in a liquid state has a surface
tension that is smaller than a surface 35tension of the liquid to be
substituted, and the substitute agent in & liquid state has a density that
is equal to a density of the 10 liquid to be substituted. [0030]

The substitute ageptii@epp'digldid® Abm RReseatpéayeat ioesmry biee soliubge in
t he I|_qU| d to be substi tttjgge ) 5__[ 003% h tIn ratg/dl b'eon-’ea !he S Q/sitlstutae agent
according to thenisr WhERt theimeidsn anay  BRteth Y R ere th A hes1 Pddi d to
be substi tlgt ed. i R832)y Fttﬁ]ret lhfailsdr_a@ nutihess uasttbt yeecagentthacsbratinngf ttoet hﬁ
pr esent inventiagn, the ljiquid t u uch a
substitute agen?“q?a%&éjrtﬁi ‘r‘l%u‘tdo thgmpggggn§ %%&##%ﬂ]@ésg@gga%%%géwgqui d
of a wat er - imsotfubhenkirauad stemseos gbei $ulestiide iguid may g discirrgednd a
wat er - sol ubl e | ;qui i_f I hSrtS it Rag i

Al ternatively, f{rﬁ@ gnéggﬁt?ﬂ?@ﬂ%géﬁ%ngcs??rpgyn%éqtogﬁ%ﬂ(f%&pr escje&r'{{'eirn%aesn’t ion
may be a m xed ¢iggubdcasTies g EPLgsodUBItECBRUARF -and a wat er - sol ubl e

liquid. In the substiipabejagent according to the present invention, the
wat er-i nsol uble liquid ma clude at |east one of aEerfl uorgﬁarb n

i ,
hydr of | uor ocar bon, hy8r 6/¢ U RETAES  PIAFER 6t B TEGHF 0B ST HSHNY aky the
fl uori ne-baged padsealtcehentidm @ddhbiding uinitt imayshbsd ionet eubgeate aveor di ng

to the present jnvention, .the wat.er-so l.e 1,iqui i dey; . east one
of ali pﬁati c al ’Lchﬂ{olr}b? I?é‘tbc?rqgast,e e‘gt éjﬁzsé,n%%ﬁjd Adpﬁgo%snﬁéﬂkﬁﬁkﬁéé%% OF
THE DRAW NGS 2B[teesajively, in the gubdtrase @rbéﬁg‘ﬁitﬂ@_dﬁnaﬁf%@@t peedinpdw of a
substrate procepsl 9. aDRAIRI S0 ANPNEIH BB RATRIhGY SHFUALAR Eoddly REID

th
substrate processing anarat us, for explaining a first en%%dl ment of the
present inventianpludakpy. of2sibsyatep SHAEWLBRL (e SUBSEIIES BFHEERT Y

appar at us showWnajghdh%ertical directidhd. 3 is a view for explaining
substitution of a process . liquid with a substitute liquid on a surface of a

wafer W Fig. 4 is alO8dgilt udinal sectional view of a substrate
'nm addition, in the substrate processing apparatus

according to the present invention, the substitute liquid and the
process liquid may be soluble in each other.

20 [0024]

Further, in the substrate processing apparatus according
to the present invention, ‘the substitute liquid may be more
volatile than the process liquid.

[0025] '

25 Furthermore, in the substrate processing apparatus
according to the present invention, the holding unit may hold
the substrate so as to be rotatable, and the control device may
control the holding unit such that the substrate is dried while
the substrate is being rotated, after the process liquid has been

30 substituted with the substitute liquid.

[0026]

Still furthermore, in the substrate processing apparatus
according to the present invention, the process liguid may be a
liquid formed of a water.

35 [0027]

The program according to the present invention is a



35processi ng apparatus, showing a schematic structure of the substrate
processing apparatus for explaining a second 11 enbodiment of the present

i nvention. Fig. 5is an enlarged view of the substrate processing
apparatus shown in Fig. 4. 5EMBODI MENTS FQ? CARRYI NG OQUT THE | NVENTI ON
[ 0034] Enbodi ments of the present invention will be described

herebel ow with reference to the drawings. Gven in the follow ng
enbodi nent s as pangexanekect e esbyideoniepdessst confiongentd 6aMT9! & case

where a substr t&sggao(%es;sjld&sa gaat ?%bég&@r difg tRoyhRENPr eSSRing Nuent i on

is applied to ani ng"” appar at strdte processi ng a&EQErat us) for
cl eani ng (proce‘,@@lsﬁg&)iea@smﬁ&ﬁdﬂh@iu%@%@r%ﬁeﬁﬁ%ﬁs&%té} Ph tAgdFeT H gi ven

in the foll ow ng.gabodifepLs as amexare! Qrd@s@%@“ﬂb@trﬂ@ th@m;mnfesse@t
invention is a case where a substrate pr ocessi ng hod accobg to. the
n

present invent iRGRCEESEEPI PedHtStR et Rdd bf PEPE a5 dypst Psubstrate
cl eani ng met hod),Hsitwhe GityLAd sarist thad ep b\«e/maa:h s gummtpmcgestsedarbyeas

chem cal i qui i nsed by a, water S{Sh N t L. i ni ng
20 on the subs??oé{a .cs’“?méﬂgs%&ﬁ% bs& Rt J‘ lsj%‘ﬂ%gt' J}% Weuil 2d®

ute Tiquid’ and
thereafter, a ldryiimgl itber esmivetdate, onafthe stthtiPm@SSSO iagum) (ﬂ‘ﬁ? thRen

S LA P ol s g SR BN SBEBRGEd NRELIBP AL T i ST Lhan

nmer e appl icati resent invention, and the substrate

processi ngifet Huwidrﬁdsachen ZBes‘ij&ﬁtftaJtt@Tbe)é’é%silFﬁéeéﬁﬁa?‘afjdsa%@c%%ré?ﬁ% to

the present invuenlion Gan Res%whé;e%ba a §uﬁ@ﬁbn§e@§t@¢ﬁ$}$ the proubstrate

ot her than a sem conductor wafer, ﬁ g @ Ecess oth r th??g g}%cgggam ng

process. In addiqyign,and fusnsi &g éﬁte%ﬂ: 0 |Ef'|gdeff?)5E 3 Avent i on

can be used forj lgstltutl ng a liquid 30 remaining on a surface of an

object to be processig ggj is not limted to a substrate. [0035] Figs. 1
P&PAi n

to 5 are views for g enbodi nents of a substrate processing nethod,
a substrat @sprocessi Adeampagasis st@&ge preditam agadraner dgr Bhe sRIG5EHE

gﬁg: glmnﬁﬁgogd:c P?yvte%t(tlogw i PLESEIFL g YR AN stdTi 8 - a rb@ ranfiekedlieasiel By
a control device configured to confrol a substrate processing
apparatus, the program making the substrate processing
apparatus, upon execution by the control device, perform a

20 substrate processing method comprising: processing a substrate
by a process liquid; supplying a substitute iiquid onto the
substrate and substituting the process liquid remaining on the
substrate with the substitute liquid; and drying the substrate,
after the process liquid has been substituted with the substitute

25  liquid; wherein the substitute liquid used in the substitution of
the process liquid has a surface tension that is smaller than a
surface tension of the process liquid, and a density that is equal
to a density of the process liguid.

[0029]

30 The substitute agent according to the present invention is
a substitute agent to be supplied to an object to be processed
so as to be substituted for a liquid remaining on a surface of the
object to be processed, wherein the substitute agent in a liquid
state has a surface tension that is smaller than a surface

35  tension of the liguid to be substituted, and the substitute agent
in a liquid state has a density that is equal to a density of the



enbodi ment for asingl e-waferprocess i nwhicha sem conduct or wafer
(hereinafter referred to sinply as "wafer") is processed one by one. Figs.
4 and 5 are views for explaining a second enbodi nent for a batch process in
whi ch a batch of 5sem conductor wafers arf si mul t aneously processed. [0036]
(First Enbodi nent) Wth reference t9 Figs. 1 to 3, the first

enbodi nent relating to the single-wafer process is described.Fig. 1is a

10 | ongi t udi naljigegticopal simisewueédt he substrate processing apparat us
showi ng a schematic TQ ; ure thereof, and Fig. 2 is a top view of the
substrate processing Bg Fat us. [0037] As shown in Fig. 1, in this

enbodi ment, a substr dte slbsttotessiany appardings tadroomyeissas: ingendiodi ng

uni t 12 conf i 94rgg 8o gl dheA Bl Liighia acPpocesrld.guyd supply part 20

configured to 8 process 1 qui or processing the wafer W and a
substitut e- &gent suppPP3part 30 configured to discharge a substitute |iquid

(substitute agent) fop sypsidr, %égubaﬂt@f@a@reﬁw&&drum dorgn@phésehton the
waf er W The substitute agent eéwSUbSt' tus subst a ﬁﬂ IS icong F% eépl udi ng
all the substi t'GN@”Iti%UW‘r( pednorg | YRla}iie fRaNst a9 fReP S abSEFFUt 1 i qui d
(i.e., gas), and the{g@@@r}etlon of the substitute liquid (i.e., solid).

25[ 0038] in_F o] n a
casing 18. In this e%ﬂ’(g}gﬁ%ﬂp h?%éjfﬂ?&ttﬁ%ﬁg %ﬁ%ﬁtgfg%hi%r E‘?:ttﬂ{ree %géjnatl spin
chuck for hal dungeatmm‘ erhawignipltacke sy saldtited ey bet atWatet hSuet & W
As shown in Fi g:?uﬁ'stl ﬁgnpoécfyo@g M_?'tto }Rel ?e@@ﬁ ?Hvé@ta%HCKﬁé%ﬁ%é’V%f er W

such that a surtace processe S ori ent ed al ong
hori zontal dir e®ixem. flquhé C?folﬂdi\’ﬁ@eruﬁ'ﬁoﬂk‘@'ﬁféiﬂé’dﬁn‘@EPéﬁ IREd 38r9"\?l"h‘§{ l?m t 14

such as a not Orlarﬁ\@?@hbhel holdbng atey- %oﬂtﬁ:)l'esliﬁiuidV%o@é §pecigici yravgruny t 14,
the holding unit 12

b t t d, 35t by th
hol di ng uni t 125m§[5|§ﬁ$:?1§ﬂgﬂ1;]9 E%ﬁla&v%{ggﬁéeéq}%ﬁ'tﬁuéﬁla%‘?\ﬂlateéf:f:%‘?fnngqi? yone

[0039] 15 the present invention may be a mixed liquid of a water-insoluble
liguid and a water-soluble liquid. In the substitute agent
according to the present invention, the water-insoluble liquid
may include at least one of perfluorocarbon, hydrofluorocarbon,
hydrofluoroether, hydro-chlorofluorocarbon, and fluorine-based

20 aicohol. In addition, in the substitute agent according to the
present invention, the water-soluble liguid may include at least
one of aliphatic alcohols, ketones, esters, and glycols.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0033]
Fig. 1 is a longitudinal sectional view of a substrate

processing apparatus, showing a schematic structure of the
substrate processing apparatus, for explaining a first
embodiment of the present invention.
30 Fig. 2 is a top view of the substrate processing apparatus
shown in Fig. 1.
Fig. 3 is a view for explaining substitution of a process
liquid with a substitute liquid on a surface of a wafer W.
Fig. 4 is a longitudinal sectional view of a substrate
35 processing apparatus, showing a schematic structure of the
substrate processing apparatus for explaining a second



As shown in Figs. 1 and 2, disposed in the casing 18 is a cup 15 that
surrounds the wafer Wheld by the holding unit 12 fromat |east the

hori zontal direction. An exhaust/drain pipe 16 5 is extended froma bottom
part of the cup 15 to the outside of the %asing 18. Aliquid collected in
the cup 15 and an atnosphere in the casing 18 are di scharged outside the
casing 18 through the exhaust/drain pipe 16. [0040] 10l n this enbodi nent,

t he process-|i quinéogupeiny giatie §prsecasisnanguord supply nmenber) 20 and the
substi tut e-agent suppl ar u i e- n PLY, LERIRET e,fornmed
by separate nozzles,?F%sgeg%ﬁ%ﬁﬁgﬁg%%%&pygggséfﬁ%%uﬁgbsupp?ybﬁgg?égggand

t he substit ut e-agentatsssploy pan ttid04are supported by, 15 e.g., a slidable
arm or a swi ngable arm 19 as shown in Fig. 2. Wien the arm 19 is noved,

the process-Iliquid suppl art 20_and the substitute-agent Dl
can be horiZontal ly -“ NN by iR NNENEEN it 12,

specifically, bet vvee:goggng)si tion above a ctral rti on of the 20 wafer W
and a position outside thée wafer 0041 . As sh in_ Fi , one
end of a process-li quﬁnab%E'ﬁa?S}LSdl?\é[{“%z q'fkgaﬁn’é’é"te@&'e[rb W’ﬁ\ggﬁr Qé&%?fz"l&qui d
supply part 20.hdheodherwehdsebdrarive proocess- dirgwinksupplGivdactin22har e
connected to 25 pl.ural i t 4 “gpeﬂﬁ i Wit ehi.n e 23.
The respective @3@%”543%(}&}%15‘%&% ésc%%'ﬁnec e 5?o‘%lp;i]jggg@\g-el ?Ig%ilgrésé’?gr age
units 24 and 25inveatiost o6 eapreses v HarguiadssUatrpko crsier§ing wakes "alLSThe

respective duct and r Loy dedb bR fd o i&d camt pol-jalives 24b
and 25b that re%%%é?i’@l E/@gg}eﬁstt%e%gwf I owrtgtlgs (!)f %ﬁlaﬁi? ds ffl oW EP th[rgugh
the respective dRREE@tIAa" GFHPIBALE | PTOKECESEHbodR PRI UBhe Qibs A NY

p{ ocessi ngdappa(ﬁoggsgi?,gi)ngl Fgﬁﬁcég@?ﬁt@mﬁw’aﬁ@@- l@@{iiﬂtr@%&)[ agen ualdhtlit_ﬂm,%
storing a deionized water . an e,.chem cal -Liquid stor :

stori ng a cheni g&en W]Gﬁ& éﬂ?@\%'&gt ﬁ@q%(b%‘%e'g?fsr et EPg‘?x Wp%§o®g$§?‘?héet he
sw t ching vid vettz3 ;ﬁr@dlehhenilleawoaies contase whéres Zdbshrate2Papcassing
predet er mi ned process Ligui a u i tk e
process-liquid g}%ﬁgée %5{.&5@ gro %Q% B{/versf%gﬁsjr@}’%ﬁtg%. F?agﬁw‘tg?ngopgv\er of
a punp as a driwiatpotioot e|eamagdasehstigete flsost rdepeleasdnag | mgkha %dﬁ_pl y
part 20 at a pr@%‘?&grg‘g@%%@/y (Alien RRQOAREN procesfsd the #resesscaliquid

storage units 24 an , Known ‘storage units such as tanks can be. used. The

cheni cal 1iqui dligtishdd imseheYchehdia (RN0GESE 'ﬂl&ﬁggéh%ﬁ%’f‘t@z’sr%ﬁ"wé‘g
sui tably sej@ct g fheoguyarhuss knewsudtueal Withua dubssitabe asjudil] aned 10
and Sul at e- hydH Gg@R er o168 S 6F ETBR B S dORendPRIoh 2 protecd™: o be

performed by thehsuhdktaite. pronessengheppaniaddsna0ts desg8ped below are

nothing more than mere application examples of the present

invention, and the substrate processing method and the

25 substrate processing apparatus according to the present

invention can be applied to a cleaning process to a substrate

other than a semiconductor wafer, and to a process other than

the cleaning process. In addition, a substitute agent according

to the present invention can be used for substituting a liquid

30 remaining on a surface of an object to be processed that is not

limited to a substrate.
[0035]
Figs. 1 to 5 are views for explaining embodiments of a
substrate processing method, a substrate processing apparatus,
35 a program, and a program storage medium according to the
present invention. Figs. 1 to 3 are views for explaining a first



15Next, a system of the substitute-agent supply part 30 is described. As
shown in Fig. 1, one end of a substitute-agent supply duct 32 is connected
to the substitute-agent supply part 30. O her ends of the substitute-agent
supply duct 32 are connected to a plural '@/ of ducts 34a and 35a via a

m xer 20 (mxing device, mxing unit) 33 The respective ducts 34a and 35a
are connected to a plurality of liquid storage units 34 and 35 that
respectively stengoirveat kfmds af lkingliedsafsubspiro ;s agent whiient @)

whi ch are m xed Wt hgga Pcbr E\S\{}ﬁ”rget f?m%ﬁ@?qgférlr%ﬂt ) O?rﬂwl\p as Naf&spective

ducts 34a and 355'&P [Fowr a con val ves 34a and 35a
t hat respectivéd pradgsssd bln@/\bvaai’efs of idd. Ut @1 Soiehy I 4WF dRGIEPhaining

respective ducts ?m epenl BGkEhOSHAKE LAl Y §phidACa angtFbeft hat
respecti velg otgenééﬁa& ose t ucclg.f 34 a and§3 5a. Due to.the above
y

structure 5pet é@ﬁﬁgCEWveaf@Vﬁ ar'e B EaNeans\VaP€ss8l- and 35b and
openi ng/ cl osi ng val VES034¢ and 35c, predeterm ned anounts of
substitute-agent elenents are }#\)gl ied fromthe respective liquid storage
units 34 and 35 to theR§ X80 Gt heans of, e.g., a lifting power of a
punp as a driving forgeh Eréﬂﬁenaesmstflgwté ItloqLE dtiiki Gustd eofibpkénent

b 35 d
i sehar ged 11 onelnd e deneBGCRA SO MRRrpart SRR dBelP I g st e

process- | i Qi d ishoitagénaini secBonahd PiBwW kn@ﬁ/vn theor y&Stimites BURFRTHNEanks

can be used as i a Bl rFithiosi
enbodi nent theatib%bé%gg S(F\O%lg eggsldrk:lg@rgﬂlgfsatfggt% ?%\églgﬁjﬁai thefbt vvolSI IaCIUI d

storage units 3apanevasf tNﬁrﬁ!ﬂ%ﬁt*’iﬂ?ﬂ? PﬁP@e%ﬂBSd?%ﬁ‘fa UShe substitute liquid
di scharged fromthe w@gpqtute agent supply part 30 is conposed of two

kinds of |liquids, to _be nbre e |c i.nds_qf C In 10
this enbodi ment, theASuSSEMN & 1§Gui 4 %de Ooqcﬁn% Ri %g%@ﬂl %FI qui ds
satisfy al kst heydogkkowigng acmmi'atmgnsl(ﬁ 1)cammp(n®es [ 0845holding ( 1ynithel?2
substltutellqwd has A hat b f age

t ensi on of the %I %(gu g&fo g\;ﬁsegg\é\{l P@c%%?l hﬁfd tsu%?ugsif?#{tutgg
liquid. (2) Tlm)rs’lgzlsrtactm disdhanioe aayoa:eﬁﬁslsqwéin@rtiyrq%éﬁiﬂ% thguudfearo a

mass density ofyth oces t h ubst ithUt e
i qui d. y(3)WTh:aF§{Jb§tlt§ilﬁ)ét(ﬂt?ﬂt@ hgehe subpiit gad Wi heshagaubst i

rocess
20substituted wiishheree ﬂjtssltblsf‘l!i%el'ifh{lﬂd(%l%lés% ﬁb?%@i@ g%’cﬁ“gtsﬁfg'ﬂtmg

20 the process liquid remaining on the wafer W. The substitute
agent (substitute substance) is a concept including all the
substitute liquid (i.e., fluid), the steam of the substitute liquid
(i.e., gas), and the concretion of the substitute figuid (i.e.,
solid).

25 [0038]

As shown in Fig. 1, the holding unit 12 is disposed in a
casing 18. In this embodiment, the holding unit 12 is
structured as a spin chuck for holding a wafer W in place by
suction and rotating the wafer W. As shown in Fig. 1, the

30 holding unit 12 is adapted to suck one wafer W such that a
surface to be processed of the wafer W is oriented along a
horizontal direction. The holding unit 12 is connected to a
driving unit 14 such as a motor. When the holding unit 12 is
driven by the driving unit 14, the holding unit 12 can be rotated,

35 together with the wafer W held by the holding unit 12, about a
shaft center along a vertical direction. -



(4) The substitute liquid is nore volatile than the process liquid to be
substituted with the substitute liquid. [0046] Herein, the condition (2) in
whi ch the substitute liquid 25 has a density that is equal to that of the
process liquid nmeans that, under a certaipn, comon condition, a ratio of the
density of the substitute liquid with reég%ct to the density of the process
liquid is 1.0, when rounding off the value to first decimal place. Nanely,
in a case where the ppogess liquid to be substituted 30 with the substitute
liquid is a deionize tecan r t f 5@
substitute liquid |sgéwﬁgﬁ&?§h % ZP%FE%E %ﬁﬁﬁgSé@qgnﬁgiéggﬂﬁjiﬂ &%en he
substitute |iquiugp hést?natfeSdef?wFtQﬁ ﬂaﬁg/l\fﬁ Ff%rﬁ&i@tbve@@ hrktng. QB*tg;L@rrB to

less than 1.05 gé@”%t légtolﬁée;hoﬁz@%%ﬁﬁlr‘éfctﬁohﬁ V;QhaéﬂHétEs\t/USashUﬂgﬁdlbased

on a degree of at ent vapori zation, under a c

condi tion. Ramdbyextgmeed oM 2 S IHEapast of dpisr FEQt?éntoog %u@%t ute
LII quid IZ Iowerthfehad'asmg I1@tentA hﬁqgl@f cMH@@tfddzaigi Ot.fhe( acb@plt 132522@/ gh of a
eioni zed water, it can pressed that _the su Stl 5

vol atile than tq{@“%f?ibﬁ’fezé'?j Lﬁ&t 675" "Foo4sf € disehat %élﬁoésgﬁ% ?‘Jépggw d
is preferably agritkeslidh ghedadfawstiatan- pipsolitbl e || qU| d and a

wat er-sol uble Iiquid él)' pi is because, in all the cases wherein a process
liquid to be 10 subsﬁ) d with the substitute liquid is a water,

wat er - sol uiDe |i qui dinorthas werebodimentbl theatrspcessai BliBstIHRANE |ﬁ>%ﬁiu d and

the process |i 0 i ther b eitgendiddman (3
can Be sati sfi Z@J glgg%ée]él 3 EHBP?\{ sr%r?ﬁ?gar}r)e%rgg\lanHEaitéugjﬁeitsubstj:But e( )

liquidis a m»xapPrlygad Gsrhlt\ﬁﬁﬁtﬁﬁeeﬁgl@tv@‘f‘%?'y AR5 GUF d O
wat er - sol ubl e ldgpdrargomined rebpaceashy, othiee psodess-Kgots safpply part

bstitut | nt f t | ubl
S a0 kS sl s RREG PRSP 150 A RO S o,
t he substi tigt e élgqpladsmﬁahjlegarrdedaraa sawstg:‘a‘ajardrmei@r@m(sélowm eni@g. 2.
(standard 20 supslancel. oAnd;a SPEEILE %@v%pqceogfb Hibe et fimpohal ool i qui d

being smaller t process 1i w th the
substitute |iquindithe e@abfdet‘dltasa@e@t aﬁﬂﬂﬁ& rD@fFéréﬁcéaﬁatt@r |r159"'?((§1 é:’rﬁéfard

substance). |t i3 @@Ya bR, ODLRL N yeR § beﬁéIHUttﬁy ageal (R} @it gnitand | hus
the condition ( satisfied AUS'[I ng a mxi l:)%rratl %tween

the two ki nds 0$D%Qjﬁ§@i“t’utb§ﬂél@§ﬁt aepéﬁgfﬂ% 2] Centra tigp %3

exampl e, the |igyrsr $\1 @h@dalﬁb@m&ncﬁuttsm |thqudfea*t‘mage units nmay be a

wat er - sol ubl e 1i qui d :BJ gdl ng at | east 30one of:aliphatic al cohols such as
met hanol , et hanol , noI (n-propanol ), 2-propanol (I PA: isopropyl

al cohol ), 1-but anol , AZ;— ivoamolin Fepbut avod ,enérof- Bupanoess-tliepuid p@tmmialr‘z’ol

cetone’ (VEK) - cupeh 2", EShahekatel ok pLoes uglh an aagtpne, 200 oyl
in the other |iogtia emdmjé:h@nptomﬁ bauid supply duct 22 are connected to
25 a plurality of ducts 24a and 25a via a switching valve 23. The
respective ducts 24a and 25a are connected to process-liquid
storage units 24 and 25 that store process liquids for processing
a wafer W. The respective ducts 24a and 25a are provided with
flowrate control valves 24b and 25b that respectively adjust
30 flowrates of fluids flowing through the respective ducts 24a and
25a. In this embodiment, the substrate processing apparatus
10 includes the deionized-water storage unit 24 storing a
deionized water (DIW) and the chemical-liquid storage unit 25
storing a chemical liquid. Due to the above structure, by
35 operating the switching valve 23 and the flowrate control valves
24a and 25a, a predetermined process liquid can be supplied



wat er-insoluble liquid including at | east one of: perfluorocarbons 17 such
as C6F124, C2F16, and C3F18; hydrofl uorocarbons such as CF3CF2CFHCFHCF3;
hydr of | uor oet hers such as CAF90CH3; hydro-chl orof | uor ocarbons such as
C3HC12F3; and fluorine-based al cohols such as CF3CH2CH, (CF3) 2CHCH,
(CF3)3COH, 5 HCF2CF2CH20OH, and HCF2CF2CF2CGF2CH2 OH. [ 0050] The
substrate processing apparatus 10 further includes a control device 40
configured to e@hrehet helafteiieneroteondtyuidspectage shituétdural 25, by

el ements. More specifically, the,. i 40 Ls ical l

connect ed to tHeEABOW L(?eg‘cr? ﬁaﬁﬁ[}f%{@lﬁb%g%e\[ﬁuﬁp E?Sng %ﬁ%@ﬁ\‘eélﬁﬁ’t%ld4, t he

arm 19, and thdisespeeti veroral e, anecaontigoié Gpepay i ¢t offd hase @

equi pnent s. @@pg&é@&r{.\gﬁdé{@m%pg{é)‘l device 40 are a keyboard through which
e

a command can be T nput y a process manager or the 15 like so as to
manage the Substrat el@@béessi ng apparatus 10, and an input/output device 41

formed of a display gt the bikedshahunpkasryhsi bhesan4opeidatisg ksioatre of
t he substrate processing apparatus

10. In_addition, zhe cont r.g%x devi ¢e 40
i s accessi bl e BEOHE] SHHEe G 45’ S?Pngea"‘ﬁ‘?%‘gr Heof " EHE Ekg to
real i ze a procesgrarerihonedchyntibel-subat retbeage oseisi2ag cappaeasusably The
storage medium 4@%%@2.30%0%%%‘;5%&&0%eﬁlﬁf&%ﬁ 3(@@593&%11 di ymugdieh as a

nenory such as>§ a di sc-shaped storage medium such as a
hard disc, 1@ ChyRENua rRVBcROMo! wifhen & FHEXi Brenanskm-bgpoeka) peroxide Next
an exanpl e of S F8 - ABL Ak A Safde b&s |peiforeed )by the
substrate procgssgg?ﬁgna&%gtrizt E{élﬂ%?gfsﬁgt I|rqﬁcturedh;géf)l;)ve IS gfscri \ :

ed.
Operations of tleParEEpectinved sPFeaSs d° e1%enRBIOMGd po¥ f ﬁ’ﬁﬁ‘ég?tﬁéte

bel ow descri be r§9e§§t%t ggbgr@g@cggsi ng nmethod are controll ed by nmeans of
control signal romthe_control device 40 based on the program previously
stored in the prograﬁpgﬁé age nedium 42. [0052] As described above, the

foll owi ng sgbstrate preogessispgté@h oethedsuisstituteeageny smpphod ot 30 vafer W
:zcb\zldgﬂg iBStedDesicrr]ib\Aéhcg.ChA% S (fy%w }Nir—%g?lle,agﬁg Q?fdaotdée%ﬁé%itﬂlﬂeq'éb@nta step
supply duct 32 is connected to the substitute-agent supply part
30. Other ends of the substitute-agent supply duct 32 are
connected to a plurality of ducts 34a and 3b5a via a mixer
20 {mixing device, mixing unit) 33. The respective ducts 34a and
35a are connected to a plurality of liquid storage units 34 and
35 that respectively store plural kinds of liquids
(substitute-agent elements) which are mixed with each other to
form a substitute liquid. The respective ducts 34a and 35a are
25 provided with flowrate control valves 34a and 35a that
respectively adjust flow rates of fluids flowing through the
respective ducts 34a and 35a, and opening/closing valves 34c¢
and 35c that respectively open and close the ducts 34a and 35a.
Due tc the above structure, by operating the flowrate control
30 valves 34b and 35b and opening/closing valves 34c and 35c,
predetermined amounts of substitute-agent elements are
supplied from the respective liquid storage units 34 and 35 to
the mixer 33, by means of, e.g., a lifting power of a pump as a
driving force. Thus, a substitute liquid (liquid of the substitute
35 agent) having a desired composition can be generated, and
discharged from the substitute-agent supply part 30. Similarly



the wafer W which has been processed by the chemcal liquid, is rinsed by
a process liquid (deionized water), a step in which a substitute liquid is
applied to the rinsed wafer Wso that the process liquid (deionized water)
remai ning on the wafer Wis substituted vx{l h the substitute liquid, and a
step in which the substitute liquid is renoved fromthe wafer Wso as to
dry the wafer W Herebel ow, the respective steps are described in detail.
[ 0053] 10Fi r st ky, tree wafoersWliquikde spreges sedtd 24 cated j ntkoovhie daseng 18
and held by the holdin ni . s tine, ; e i eds and
hel d by the hoI“&‘i'F?gSHHHt gizttagéghcﬁla%g}%ﬁdagg gﬁjér]?ia eﬁo?oyég%v\gr‘g% %i S
oriented al ongatiie3hori zontal direction. Based on a signal fromthe control
device 40, the 15 gmgh@g unit 14 drives and rotates the holding unit 12
and the wafer W Si aneously with this oBeration, the arm 19 is noved
such that the processd |irgai @MEGEHNE Nharthe28UPStiateab ey <y AY pdRR 2 H>

di ][ect Iy abfve 1td]1ﬁw<9@ate@aﬂhdg@wbi 1?:@1,1@ sﬁ)@l@@; ametdst a4benprifes slednefy, tihe

waf er W 20[ 0054 .Under is_state,, based. on,a _si

control devi ce thtg ?W@Wﬂ%ﬁi! néh%aﬁgésﬁgd%%dﬁ%é‘pf?'%Wﬁé?@g%oﬁioﬁg} tt@?n ve
25b are oper at edibssiautbadgenicsemipbal paitqdicd is scaingoisadged fweonkintis of
process-1iquid,supply, pa t .ed I; he

di schar ged cherﬁ%ﬁgsi itgug)é 'i%grgus p Cﬁég’ g&l@(’)rptl_ﬁggcgeﬁntgr%{sﬁ%ﬁ??ig%nn%f tIRe
surface tolbe phixessdddimartie Wt eruhatitadg lisiuddr san rases tafe thentwal

portion of thehﬁﬁﬁéﬁ%ﬁg&s%t}@&ﬁénY%]I;%M%V%}a@r&mminsppﬂ't@rmt)hereof in

accordance wt e rotation o e wafer n this nanner, the surface of
the wafer Wis 30 exb@@éélto the chem cal liquid and processed. Then, based

on a control sig@nal frRemyherianRt ngliddausce Alfaddeessionctiiangis amesle23 is
oFocese- | qui d Ry SHAA 28en 905 Jp et Ringrany WhE Chelk cafbstitte
cl eani ng st@p ugithgHeheubbatdaliqlicqui d as a 35process liquid is finished.
The chem cal 1iguid, ichi up . of f t [ fRraViBY
centri fugal for@:;5 caﬁ%dg%?lglﬁ%%% Q%Birdopggi%ﬁﬁ%?g F%glswf%%W eii\(\:s{\lfcol | gct ed
in the cup 15, raedsi dedsdyhaf jb¢ ouesewre ItHedche by AP IHEggh ke the

exhaust/drain pi 16 [|0059] SNext, the rinsing step is described.
Firstly, basedpéoLﬁfSat@gﬁtlr@? signal fromthe control device, 40, t

1 0] e
swi t chi ng val ve(P3 adda hau Pt eligdist r 8Ndva PEP-Ei% Upiht E%I. Behus, a
dei oni zed vwat erg @sstREACRES tHaldiLiBstisud Sqhad ged Jatohid he epcbceidsy] i qui d

supply part 20 at a predeternmned flow rate. 10 The, .di r i oni.zed
water is suppl ié@ onltorré“f’ch‘?éJ éﬁfj%%l i”E)lé':ﬁti*tq)n”bc?r]et P(@%ﬂ%f chgﬂt gﬁgegﬁ%ggsed
of the wafer Wiigmd ts bepsebstifuteth whe demsubistipote iionidf the surface of
the wafer to the peri%ﬁ:@I portion thereof in accordance with the rotation
of the wafer W In thi nner, the chemcal liquid on the wafer 15 Wis
substituted with the Hiicini zé¢ wanditiomhed) lBaS‘&dCBnthﬁ suheaitute ohgvide

control deyge ﬁg’s d Qjeer%‘r{‘{é}m‘%f[?hf‘gs V@B ©3 that aFetiad §ffogess hajuithmeadirachar ge

wher oby the r néiatg tdsy BKIaERIEOEER o Gt isrer Retia gy S dsn RIS Ma | o
finished. 20 Thg,chemealttiliid amh thepdet eoi e deaiselry, ofittiheh pasessspun
R L L s T A
casing 18 throughnidig, exhaustbdraberpi fee Ifro@5E0066]d to be substituted
30 with the substitute liquid is a deionized water, it can be
expressed that the density of a substitute liquid is equal to the
density of the deionized water, when the substitute liquid has
the density ranging from not less than 0.95 g/cm® to less than
1.05 g/cm®.
35 (0047}
A degree of thé volatility is judged based on a degree of



In the above chemi cal-liquid cleaning step and the rinsing step, the
process-liquid supply part 20 may be noved by the arm 19 along the plate
surface of the wafer Wfromthe position above the central portion of the
wafer Wtoward the peripheral 30 portionﬁﬁghereof, while the process-liquid
supply part 20 discharges the process liquid. According to this manner, the
process liquid discharged fromthe process-liquid supply part 20 can extend
and spread overiakht thetsuf faperiofitdre wafler Vdestaia shorhopecooditofn.

time. In additl o il e amEctlich bl g 3och eaniiogishenr and Lhesine! no

step, after the t'he process
preferabl e to rbgatdeis F@Nethmf?éTﬂ Ve tfeat Bept étfe‘(@?@ﬁlmope(rﬂtﬁwtoizﬁﬁne

preferably, at d;&fha%%sﬁrze%%%w& ne ke 5@'@(5]’%@@86 rhak thkessbantutel the

succeedi ng step n anount of gr ocess |liquid remaining on the wafer W
can be consider W8V iSedlerEdvol8figDS PINEa detaibiZeHinR quti ng step is

described. Firstly, bggedson a control si gnal fromthe control device 40,

t he openi ng/ cl osi ng val ves ac and wrate _control .val ves 34b
and 35b are oper at edCa SHfUs 2 a‘“‘f’F‘HQ'tCL g4 % %eD"QEferﬁiﬁ f BRI JHH By ?%/

al cohol) as a fwra%r—wtxsitubﬁmt eqagbnanél emewtat{er—cméulbreonhnqhei firshidiiguid
storage part 34%@ %1% rpnx i S%Qatcgsé)sr e‘q’ ?d Jmegysgaglﬁué(?ngoab%econd

liquid (e.g., or oet as"a second i tute ent enment flows
from the sedbndstibspituiest vithgthatbssbute [Wdrﬂﬁxféw\f@@r IanWtaI’ci@r spBhexer

33, there is genennt, e@r %Fhﬁk‘él%ﬂlé%b?er(%%hb!&'ilﬁu@@%@hiﬁr’aﬁd|th@]eU' d
state) as a m xe qU| of |rst liquid and he econd ht %Eld The

gener at ed subst PERRSSS| il{iHId fclaé\/vs EheBuyH et H@ ¥ the

di scharged fr Oﬁtéﬁ@ltﬁ#bgBD tdﬂrﬁbégﬁéﬂlsﬁe@m )Es@@l’ctaiB,f) :@t;san@rred.@xteeemmed flow
rate. 20 Thedgcha e s# éEltutf UIdIS sugg dotothe traI
B3 a A 'q

portion of the ar‘ﬁj i's E'B 48 t'he Y:Vgrl\
portion of the mrté&GES@tbbﬂ@elmmﬂ&mdNat w&the—gﬂnb@éﬁualidmn‘ometih\ertéwof

[0058] 25Then, L0, SUlsT LUt £y BORRLISUPSLL bUlARel 80 ehb % ARIANSZ oitsater

remai ni ng on th ace O W~ and occupre ur éce of the
waf er W [ 0059] sraesighstavi it @flthﬂl‘(ddt%fch'a?rcdébfﬁ’ datié being larger than 1,

when the process liquid to be substituted with the substitute
liquid is regarded as a standard reference material (standard
20 substance), and a specific gravity of the water-soluble liquid
being smalier than 1, when the process liquid to be substituted
with the substitute liquid is regarded as a standard reference
material (standard substance). It is easy to obtain such
substitute-agent elements, and thus the condition (2) can be
25 satisfied by adjusting a mixing ratio between the two kinds of
substitute-agent elements.
[0049]
By way of example, the liquid stored in one of the liquid
storage units may be a water-soluble liquid inciuding at least
30 one of: aliphatic alcohols such as methanol, ethanol,
1-propanol(n-propanol), 2-propanci(IPA: isopropyl alcohol),
i-butanol, 2-butanol, isobutanoi, tert-butanol, tert-pentanol,
3-methyl-2-butanol, and cyclohexanol; ketones such as acetone
and methyl ketone (MEK); esters; and glycols. On the other
35 hand, the liquid stored in the other liquid storage unit may be a
water-insoluble liquid including at least one of: perfiuorocarbons



30 substitute-agent supply part 30 satisfies the aforenentioned conditions
(1) to (3). Wth the use of such a substitute liquid, the process |liquid
(deioni zed water) to be substituted can be stably and reliably substituted
with the substitute liquid for a significantly short period of tine.

Al t hough a nmechani sm 35resulting in this gﬂenomenon is not clearly known, a
possi bl e mechani sm consi dered as one of factors is described belowwth 21
reference to Figich3.ddowrver, Gyiﬁee prasentsi ry ehtyidoofiisrowtrboingi tsedht @st he

fol |l ow ng rrech tzﬁ%?%%ﬁél Sﬁ@%&?@o&%ﬁfﬁrst h@uEHbSta' tut(eFI b@H d has a

surface 5 tens ace tensi on of the roéess
liquid to be subgtriotabkedo{lalboveadoms tSueh @&)@3H@m&em¢pﬂe0rt%b§l§§§t| tute

l'i quid, which |53 fRLned %Jcmydragfl ugp?@ﬁagq_{ havimg,acew ace crenstom, of

about 13 to 15 n/cm and 1sopro haV| n}gl a surface tension of
about 20 dy® criy F\&Fzé;%lﬁfﬁa@éldlgqf:eﬁ&@ﬁﬁﬁa@ HpQM-ower than a surface
tensi on (about 72 dylpbggb of the de| on| zed water to be substituted. Thus,
as shown in Fig. 3,

% ar ed rocess g &%el ani @egmcm%t er)
to be substituted, tHEEsHBEEY fﬂ&?e‘)l%&aﬁﬁ‘ 5@%@@“%‘}31 P YEX e GTid “spr ead
over the SUFfaC@)rQhI@eméemwccﬁvfe@uvmntdl nentrth tneegldramnentsned

(proj ections and recesse pa rn .

surface of the \ﬁépgtcgnw ?ﬁ:ﬁcﬁﬁggtlei%érf@qw y@aﬁﬁ%wi&%gw%ée%oﬁﬁ?he
recess 8, 4$ compaced 44 tis tﬁecdlecakhvzwn\mcéﬁdtc’ﬁobéh§ub3§tq\t€mdé’-‘éc’"'P@(§61]

201 n_addi tion, {5e;s gﬁbltt U IhUighnay Aifenit Vikdasrhs 1eguahd gna

density of the proce be substltut ed (ab ove condi tion %% I n

the present invi@spieshivet Héi\’@énearﬁerﬁf@l“ttyo FeaRerahans £1VesE BAVP PR

the density of thgneuhst itouttRel icawitehit deiecsubst B'f@ltgdke\ylb@a#d q_unrdughate

Wi th respect to hh 25density of the rocets {jl uid in a atb%s IS

1.0, when round {ﬁb@fc‘i“ﬁ‘é“@épu%aff RE FW%Lt't agc PoPEew ﬂ]&%’? % rS?%) when

hydr of | uor qet heliké is@ dd qui thatage, thihiabdtaste mrasessiegsiappacétwboldt, 1.4

to 1.7 g/cnB, andlsopr I i t i SS
88@%@,@%8%&%%1 s %dﬁo"fl £ ditpla o?aﬁn@h’@

density of abouiJ re mxed wth eac t her
volume ratio th’éTae:betrm beisigled: @rt ooBer&inghesigdaereft eHW%utﬁé{tiStt[ﬁt@

i guid can haven g, JRsk densldgiBOuR) | anthadaln ke deieriizad el ap ko be

substi t ut ed consi dered that, when the surface tep5|on
of the substi tu@@cassq@lﬁ-*dtq ¢ sloves et madivAe %ﬁ?%{‘é@gtaeﬁé?%'@fﬁfort hae i

20 to realize a process performed by the substrate processing
apparatus 10. The storage medium 42 may be formed of a
known program storage medium such as a memory such as a
ROM and a RAM, and a disc-shaped storage medium such as a
hard disc, a CD-ROM, a DVD-ROM, and a flexible disk. |

25 [0051]

Next, an example of the substrate processing method
that can be performed by the substrate processing apparatus 10
as structured above is described. Operations of the respective
structural elements for performing the below-described

30 substrate processing method are controlied by means of control
signals from the control device 40 based on the program
previously stored in the program storage medium 42.

[0052]
As described above, the following substrate processing

35 method is a cleaning method of a wafer W, including a step in
which a wafer W is cleaned by a chemical liquid, a step in which



22 process liquid to be substituted, the substitute liquid can extend and
spread along the irregularities of the surface of the wafer W so that the
entering of the substitute liquid into the recess 8 filled with the process
liquid to be substituted can be pronoted. However, as shown in Fig. 3,
in order that the substitute |liquid enter the recess 8, the process liquid
already contained in the recesss 8 should be displaced fromthe recess 8.
Narmel y, the araacoaGupi &d bhithengps deess progassedipyt shehdremncslt heuidr ea

occupied by the substitute |iqui : 1en._sho e - ith
each other. In 'Ba{llrt’?ec({]}bgr? Wﬁg&g'ﬁ%*%‘éﬁ%ﬁﬁ%ﬁ Wé‘q%@mé EE%: qtﬁﬂgﬁﬁmg pl ate
surface ther eofsiitsthote Ziontidl iy atlentde, thaeriesaf ewaffunffesoofhat the

substantially v Leal y. . ' e rebfaithhé 6a8Sthe iwafs Supposed
that the pr oces@ro}czeagi *aéf‘ﬁ@_xggagdu’ﬂg??tﬁ?ﬁ?i%ﬁ o Subat T ot eaggﬁig is
difficult t& besUBtEepad avktd thensyheidiier Radids 2DAed et WWHEILILE of

tﬂe i m;)' uence O:fui:gsrt?e\éﬂt%w;‘qlﬁéEO@?:}emoved fATROTTEE rvgaﬁe? W\hisshemgdnserth,e since
the substitute |iqui as the mass density identical to, that of.the process
liquid to be 2048 'stﬁ\'tut%a,re@ﬁg%vgﬁet ﬁ%g%?%é\ééssf"ipqsui%ﬁ gjtr%l%hisb%ﬁ Phe

surface of the g&fselr W the influence caused by the gravity can be
elimnated. Thus, i trl;b@g?ﬁpposed that the substitute |iquid having the

| ower surface tensio di spl ace the process |iquid which has been in
contact wi tld t he sur Fastiyf at hafaaf e tw e fRiocesseants daAdest En® 4R

spread al ong t he, g ageah b Y! SheWotheg eliict he. processs kimel dne

remai ni ng on the rons on the surface of the wafer . n b re
reliably substiW@F@‘dV\(/\M pudkedsapst Nelft &Y flogi PR 9 dl%'xvoff 5;5'&?\ g‘gatbﬁ time.
[0064]t3_0Therte_b;%ttge§@ff5@§doaQE@xnﬁfbﬁfw iQQE]hd_EQt@!_ﬂ émnfghehénhgrﬂzplt'ﬂsalof t he
present inventiogn to exam ne fhe effec ich is glLv 0,4, [ e
efficiency by a '(3??‘8“(&%@@ t% SH%‘E‘?"Q?*%P ltﬁg %%ﬁgojie%%'?é %P’ tt;t':'?aa
substitute 19 quidvimid hurmespearives tHnel massedetise thyoiding henipr beexsd Ithgui d to
be substituted. Firstly, are avi i p§i

di ameter of 0. 4"AiFand a %&%Fﬁﬁgf)y‘@@ Rn&ﬁéﬂw&?% gﬁ%vgﬁahf h%ﬂn%o be:i[]?lggSe
closed. The 23ntassl washhh@é thile PFAcgIetinaid Fornedy Ramnd0 is located on

perfluoroal kyl vi iBbRek; | Lk tHhe b Wesibhl bed witlca td i d to
D bat et o arpsiBeReticeng ABBLL tigdening bol quid. After 30 seconds,
60 seconds, andppecessedndisthe $Af&kReN: t he tube had

20 [0054]

Under this state, based on a signal from the control
device 40, the switching valve 23 and the flowrate control valve
25b are operated, so that a chemical liquid is discharged from
the process-liquid supply part 20 at a predetermined flow rate.

25 The discharged chemical liquid is supplied onto the central
portion of the surface to be processed of the wafer W, and is
spread from the central portion of the surface of the wafer W to
the peripheral portion thereof in accordance with the rotation of
the wafer W. In this manner, the surface of the wafer W is

30 exposed to the chemical liquid and processed. Then, based on
a control signal from the control device 40, the switching valve
23 is operated so that the discharge of the chemical iiquid from
the process-liquid supply part 20 is stopped, whereby the
chemical-liquid cleaning step using the chemical liquid as a

35 process liquid is finished. The chemical liquid, which is spun off
outward from the wafer W by a centrifugal force caused by the



5 been imersed into the substitute liquid, there was neasured a |l ength
(mm) of the substitute liquid, at which the substitute liquid had displaced
the liquid to be processed and entered the tube froman opening of the
tube. The liquid to be substituted was a m xture of a deionized water and a
slight amount of 10 colorant, and a densﬁ%y of the liquid to be
substituted was 0.975 g/cnB. On the other hand, the substitute liquid was a

m xture of isopgepybnabeohid hammava idensileytaf @. TB6 glonB Sandnthes

foll owi ng hydraof |l yoroet hers. .The hydr.of | ugr (S i mi
(conposi ti on: élﬁfg'@ﬁ% Bléﬁss'FJFDL%elg%‘?@gg?l%rﬁ}%hgi‘gﬁga%g{@g}%&gFt)(? on
CAF90C2H5, dengigty: 1.430 g/cnB), and HFE7300 (conposition: C6F130CH3,
density: 1.660 g/ cn&% Q@gih were avail able from 3M conpany. The vari ous
substitute |iquids 9 gener ated by changi ng a m Xxi an rati o between the
hydr of | uor 0Bt her andNehé, ithepriopyng diteehti deso[ibegs1 Firstly, %?éﬁfjeo’i Shows

ﬁln exper i ment rfgg\‘t'MI L ahisehint fife 8PSk It gé@ickl AU ehé aTechial valviexed
quid of HFE7I00 and t'he isopropyl alcohol was H§gqh\Iaplg 2 shows an
experinent res@d iWewiien dtte GUPSPI tYRYEl i Pforthéd 26F a i X€d’ I T qui d
g;pgfi Egﬁ??gsﬁﬁﬂom&d ?\gﬁf?’ﬁg&s %bcgh?des&asgqmﬁdjs TaistbaBystiofwranthe
CHPEETS0b b=t 6y < BB kS AL B feanty Bbon S o0
lgfe tjﬂgeg;g?idt E?? jciji\a/a_agr@eai atiemr(ineds vdgasi tsy suapilied @fﬂtphéhﬁafr@hél@rﬁsi ty
or ocess |t qui o AGUSLTH0 SoPEart A8 PECrac et BRahe e e ee
efficiency couhﬁﬁbédoﬁﬁﬁhn@ﬁ:CeﬂﬂﬁﬁaﬁpéﬂQnFFtihfo@U?@ﬁ? § W@ﬁ§i5911
{)ag' 0 M xing rahi0pWhHerd1BBHTAN iHEFRLS AN ARTHEACESeR) B608Etio® 0100 0 O
the wafer W. 1In this manner, the chemical liquid on the wafer

15 W is substituted with the deionized water. Then, based on a
signal from the control device 40, the switching valve 23 is
operated so that the discharge of the deionized water from the
chemical-liquid supply part 20 is stopped, whereby the rinsing
step using the deionized water as a process liguid is finished.

20 The chemical liquid and the deionized water, which are spun off
outward from the wafer W by a centrifugal force caused by the
rotation of the wafer W, are collected in the cup 15, and are
discharged outside the casing 18 through the exhaust/drain pipe
16.

25 [0056]

In the above chemicai-liquid cleaning step and the rinsing
step, the process-liquid supply part 20 may be moved by the
arm 19 along the plate surface of the wafer W from the position
above the central portion of the wafer W toward the periphera

30 portion thereof, while the process-liquid supply part 20
discharges the process liquid. According to this manner, the
process liquid discharged from the process-liguid supply part 20
can extend and spread over ail the surface of the wafer W for a
short period of time. In addition, in the chemical-liquid

35 cleaning step and the rinsing step, after the discharge of the
process liquid has been stopped, it is preferable to rotate the
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wafer W for a predetermined period of time, preferably, at a
high speed. According to this manner, at the start of the
succeeding step, an amount of the process liguid remaining on
the wafer W can be considerably reduced.

5 [0057]

Next, the substituting step is described. Firstly, based
on a control signal from the control device 40, the
opening/closing valves 34c and 35c and the flowrate control

_ valves 34b and 35b are operated., Thus, a first liquid (e.g.,

10 IPA: isopropy! alcohol) as a first substitute-agent element flows
from the first liquid storage part 34 to the mixer 33 at a
predetermined flow rate, and a second liguid (e.g.,
hydrofluoroether) as a second substitute-agent element flows
from the second liquid storage part 35 to the mixer 33. In the

15 mixer 33, there is generated a substitute liquid (substitute
agent in a liquid state) as a mixed liquid of the first liquid and
the second liquid. The generated substitute liquid flows
through the duct 32 so as to be discharged from the
substitute-agent supply part 30 at a predetermined flow rate.

20 The discharged substitute liquid is supplied onto the central
portion of the surface of the wafer W, and is spread from the
central portion of the surface of the wafer W to the peripheral
portion thereof.

[0058]

25 Then, the substitute agent substitutes for the deionized
water remaining on the surface of the wafer W, and occupies the
surface of the wafer W.

[0059]

The substitute iquid discharged from the

30 substitute-agent supply part 30 satisfies the aforementioned
conditions (1) to (3). With the use of such a substitute liquid,
the process liquid (deionized water) to be substituted can be
stably and reliably substituted with the substitute liquid for a
significantly short period of time. Although a mechanism

35 resulting in this phenomenon is not clearly known, a possible
mechanism considered as one of factors is described below with
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reference to Fig. 3. However, the present invention is not
limited to the following mechanism.
[0060]
As described above, the substitute liquid has a surface
5 tension that is smalier than a surface tension of the process
liquid to be substituted (above condition (1)). For example, the
substitute liquid, which is formed of hydroflucroether having a
surface tension of about 13 to 15 dyn/cm and isopropyl alcohol
having a surface tension of about 20 dyn/cm, has a surface

10 tension that is lower than a surface tension (about 72 dyn/cm)
of the deionized water to be substituted. Thus, as shown in Fig.
3, as compared with the process liquid (deionized water) to be
substituted, the substitute liquid can more rapidly extend and
spread over the surface of the wafer W. Even when fine

15 irregularities (projections and recesses) such as wiring patterns
are formed in the surface of the wafer W, the substitute liquid
can more easily enter the recess 8, as compared with the
deionized water to be substituted.

[0061]

20 In addition, the substitute liquid has a density that is
equal to a density of the process liquid to be substituted (above
condition {(2)). In the present invention, the same density
means that a value of a ratio of the density of the substitute
liquid to be substituted in a liquid state with respect to the

25 density of the process liquid in a liquid states is 1.0, when
rounding off the value to first decimal place. For example,
when hydrofiuoroether in a liquid state, which has a mass
density of about 1.4 to 1.7 g/cm®, and isopropy! alcohol in a
liquid state, which has a mass density of about 0.7 to 0.8 g/cm”,

30 are mixed with each other, with a volume ratio therebetween
being 4:6 to 5: 5, the generated substitute liquid can have a
mass density equal to that of the deionized water to be
substituted.

[0062]

35 It can be considered that, when the surface tension of

the substitute liquid is lower than the surface tension of the
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process liguid to be substituted, the substitute liquid can extend
and spread along the irregularities of the surface of the wafer W,
so that the entering of the substitute liquid intc the recess 8
filled with the process liquid to be substituted can be promoted.
However, as shown in Fig. 3, in order that the substitute fiquid
enters the recess 8, the process liquid already contained in the
recess 8 should be displaced from the recess 8. Namely, the
area occupied by the process liquid up to then and the area
occupied by the substitute liquid up to then should be replaced
with each other. In particular, in the wafer W which is held
such that the plate surface thereof is horizontally extended,
there are a number of substantially wvertically extending
recesses. In this case, it is supposed that the process liquid to
be substituted with the substitute liquid is difficult to be
separated from the surface of the wafer W, because of the
influence of gravity.

[0063]

According to this embodiment, since the substitute figuid
has the mass density identical to that of the process liquid to be
substituted, wherever the process liquid remains on the surface
of the wafer W, the influence caused by the gravity can be
eliminated. Thus, it is supposed that the substitute liquid
having the lower surface tension can displace the process liquid
which has been in contact with the surface of the wafer W so far,
and can extend and spread along the surface of the wafer W,
whereby the process liquid remaining on the positions on the
surface of the wafer W can be more reliably substituted with the
substitute liquid for a short period of time.

100647

There is described an experiment conducted by the
inventors of the present invention to examine the effect which is
given to a substitute efficiency by a ratio {(mass density ratio) of
the mass density of the substitute liquid with respect to the
mass density of the process liquid to be substituted. Firstly,
there was prepared a tube having an inside diameter of 0.4 mm
and a length of 15 mm, with one end thereof being closed. The

.2

70
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tube was made of PFA (tetraflucroethylene perfluoroalkylvinyl
ether copolymer). The tube was filled with a liquid to be
substituted and immersed into the substitute liquid. After 30
seconds, 60 seconds, and 90 seconds from when the tube had
5 peen immersed into the substitute liquid, there was measured a
length (mm) of the substitute liquid, at which the substitute
liquid had displaced the liquid to be processed and entered the
tube from an opening of the tube. The liquid to be substituted
was a mixture of a deionized water and a slight amount of
10 colorant, and a density of the liquid to be substituted was 0.975
g/cm’. On the other hand, the substitute liguid was a mixture
of isopropyl alcohol having a density of 0.786 g/cm® and the
following hydrofluoroethers. The hydroffuoroethers were
HFE7100 (composition: CaFsOCH3z, density: 1.520 g/cm?),
15 HFE7200 (composition C4FsOC,Hs, density: 1.430 g/cm?), and
HFE7300 {(composition: C¢F130CH3, density: 1.660 g/cm?®) which
were available from 3M company. The wvarious substitute
liguids were generated by changing a mixing ratio between the
hydrofluoroether and the isopropyl alcohol.
20 10065}

Table 1 shows an experiment result in which the
substitute liquid formed of a mixed liquid of HFE7100 and the
isopropyl alcohol was used. Table 2 shows an experiment
rasult in which the substitute liquid formed of a mixed liquid of

25  HFE7200 and the isopropyl alcohol was used. Table 3 shows an
experiment result in which the substitute liquid formed of a
mixed liquid of HFE7300 and the isopropyl alcohol was used.
From Tables 1 to 3, it can be understood that, when a ratio
(mass density ratio)} of the mass density of the substitute liquid

30 with respect to the mass density of the process fiquid to be
substituted was 1.0, an excellent substitute efficiency could be
obtained.

35
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Table 1 HFE-7100 (CaFsOCH3)

density é mixing ratio (wt%) immersion period (sec)
ratio 7100 . IPA 30 80 90
1.6 100 0 0 0 0
1.4 50 10 1.5 1.5 1.5
1.2 70 30 2.0 2.0 2.0
1 60 40 1.5 1.5 1.5
""" 1.0 40 60 1.5 3.0 3.5
0.9 20 80 0.5 1.0 1.0
0.8 10 90 0.5 0.5 0.5
0.8 0 100 0.5 0.5 0.5

Table 2 HFE7200 (C4Fs0C;Hs),

.density Mixing rat.j.o (wt%) immersion period (se;)
ratio 7200 IPA 30 60 | 90
1.5 100 0 0 0 0
1.2 80 20 3.0 3.0 3.0
1.2 70 30 2.5 2.5 2.5
1.1 60 40 2.0 2.0 2.0
1.0 50 50 4.5 5.0 5.0
1.0 40 60 3.0 4.0 4.0

| 0.9 30 70 1.0 1.0 1.0
G.8 10 90 0.5 0.5 0.5
0.8 ¥ 100 0.5 0.5 0.5
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Tabie 3 HFE7300 (CsF:30CH3)
I | |

density lmixmg ratio (wt%) ' immeﬁsion period (sec)‘

 ratio 7300 IPA 30 | 60 90
1.7 w0 | 0o o0 0 0
1.5 % 10 | 05 0.5 0.5
1.4 80 . 20 20 20 20
1.3 70 30 1.0 1.0 10
1.2 60 40 2.0 2.0 20
1.1 50 50 4.0 4.0 4.0
1.0 40 60 50 80 100
0.9 20 | 80 1.0 15 15
0.8 10 90 0.5 0.5 | 1.0
0.6 | 0 | 100 | 05 05 05|

(00661

In this embodiment, the substitute liquid and the process
liquid to be substituted with the substitute liquid are soluble in
5 each other (above condition (3)). As is well-known,
hydrofluoroether is water-insoluble, and will not be stably mixed
with a deionized water. On the other hand, isopropyl alcohol
has a alcoho! radical and thus is water-soluble. In addition,
isopropy! alcohot, which is an organic solvent, and
10 hydrofiuoroether are soluble in each other (isopropyl alcohol
and hydrofiuoroether can be stably mixed with each other).
[0067]
As a result, in this embodiment, the substitute liquid and
the process liquid (deionized water) to be substituted are
15 soluble in each other, and thus can be stably mixed with each
other.
[0068]
As shown in Fig. 3, a slight amount of the process liquid
remaining in the recess 8 of the irregularities of the wafer W is
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covered with the substitute iiquid, as the substitute liguid
spreads over the wafer W. Then, when the substitute liguid
extends along the fine surface shape of the surface of the wafer
W and is likely to enter the fine recess 8 in which the process
liquid remains, the process liquid is dissolved into the substitute
liquid covering the process liquid, in accordance with the
movement of the substitute liquid into the recess 8. Thus,
according to this embodiment, the process liquid remaining on
the wafer W can be more rapidly and more reliably substituted
with the substitute liquid, and the process liquid can be
displaced from the surface of the wafer W.

[0069]

As described above, by supplying the substitute liquid
satisfying the aforementioned conditions (1) to (3) concerning
the relationships between the substitute liquid and the deionized
water to be substituted to the wafer W, in the substituting step,
the substitution of the rinse liguid remaining on the wafer W
with the substitute liquid can be more reliably completed for a
short period of time. When the substitution can be more
reliably completed for a short period of time, a productivity can
be improved, which is advantageous in terms of costs.
Particularly, when the process liquid to be substituted is a
deionized water as in this embodiment, there is a possibility
that, when the deionized water is present on the wafer W for a
long period of time, i.e., the deionized water is in contact with
the surface of the wafer W for a long period of time, the
deionized water may react with oxygen and a semiconductor -
constituting the wafer W, which invites generation of
watermarks on the surface of the wafer W. Thus, due to the
fact that the substitution with the substitute liquid can be more
reiiably completed for a short period of time, a high quality can
be stably provided, while not only improving the productivity
but also preventing the generation of watermarks. As a result,
a throughput can be enhanced, which is more advantageous in
terms of costs.

[0070]
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The substituting step proceeds as described above, and
hased on a control signal from the control device 40, the
flowrate control valves 34b and 35b and the opening/closing
valves 34c and 35c are operated again. Thus, the discharge of
the substitute liquid from the substitute-agent supply part 30 is
stopped, whereby the substituting step using the substitute
fiquid is finished.

10071}

in the substituting step, it is possible to discharge the
substitute liquid from the substitute-agent supply part 30, while
the substitute-agent part 30 is moved from the position above
the central portion of the wafer W to the peripheral part thereof.
Alternatively, it is possible to discharge the substitute liquid
from the substitute-agent supply part 30, while the
substitute-agent supply part 30 is stopped on the position
directly above the central portion of the surface of the wafer W.
In addition, in order to prevent the substitute liquid from being
spun off from the wafer W before the substitute liquid
discharged from the substitute-agent supply part 30 enters the
fine recess 8 of the wafer W, it is preferable that the holding
unit 12 rotates the wafer W at a low speed, or that the hoiding
unit 12 stops the rotation thereof.

[0072]

Next, the drying step is described. Firstly, based on a
control signal from the control device 40, the driving unit 14
rotates the holding unit 12 and the wafer W at a high speed.
Thus, the substitute liquid on the wafer W is spun off outward
from the wafer W. In this embodiment, as described above, the
substitute liquid is more volatile than the process liquid to be
substituted with the substitute liquid (above condition (4)). For
example, the substitute liguid, which is formed of a mixed liquid
of hydrofluoroether having a latent heat of vaporization of about
100 to 130 J/g and isopropyi alcoho! having a latent heat of
vaporization of about 670 J/g, has a latent heat of vaporization
that is lower than a latent heat of vaporization (about 2259 j/g)
of the deionized water to be substituted. Therefore, the
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substitute liquid having entered the fine recess 8 in the surface
of the wafer W evaporates for a short period of time. Since the
substitute liquid is spun off from the wafer W and the substitute
liquid evaporates, the substitute liquid is removed from the
surface of the wafer W. Thus, the wafer W is dried, and the
rotation of the holding unit 12 driven by the driving means 14 is
stopped, whereby the drying step is finished.

100731

During this drying step, it is preferable that a gas (e.g.,
nitrogen gas) of a high temperature is blown toward the wafer
W held by the holding unit, so that the surface of the wafer W is
heated.

[0074]

When the surface of the wafer W is heated as described
above, the evaporation of the substitute liquid remaining on the
wafer W is promoted, whereby the time required for drying the
wafer W can be reduced.

[0075]

After the series of processes to the wafer W have been
finished, the processed wafer W is unloaded from the casing 18.
Then, another wafer W to be subsequently processed is loaded
into the casing 18, and the wafer W thus loaded is similarly
subjected to the processes.

[0076]

According to the above embodiment, the substitute liquid
has a surface tension that is smaller than a surface tension of
the process liguid. Thus, as compared with the process fiquid,
the substitute liquid can more rapidly extend and spread over
the surface of the wafer W. In addition, even when fine
irregularities such as wiring patterns are formed in the surface
of the wafer W, the substitute liquid can easily enter the recess
8 of the irregularities. Further, according to this embodiment,
the substitute liquid has a density that is equal to a density of
the process liquid. Thus, without being influenced by the
gravity, the process liquid and the substitute liguid can be easily
mixed with each other. Namely, the process liquid can easily
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[0077]

10 Thus, even when the process liquid is a water, a time
period when the water is present on the wafer W, in other words,
a time period when the water is in contact with the wafer W, can
be reduced. Accordingly, generation of watermarks can be
remarkably restrained.

15 [0078]

In addition, according to this embodiment, the substitute
liguid and the process liquid are solubie in each other. Thus,
when the substitute liquid and the process liquid are in contact
with each other at least at a certain part, the substitute liguid

20 and the process liquid can be mixed with each other. Therefore,
the process liquid remaining on the wafer W, i.e., a slight
amount of the process liquid remaining in the recess 8 of the
irregularities of the wafer, can be dissolved into the substitute
liquid that gradually extends and spreads over the surface of

25 the wafer W. That is to say, the entering of the process liquid
remaining on the wafer W into the substitute liquid can be
further promoted. Thus, according to this embodiment, the
process liquid remaining on the wafer W can be more rapidly
and more reliably substituted with the substitute liquid, so that

30 the process liquid can be displaced from the surface of the
wafer W.

[0079]

Further, according to the present invention, the substitute
liquid is more volatite than the process liquid. Thus, as

35 compared with a case in which the process liquid is dried
directly, the substitute liquid remaining on the wafer W can be
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33, so that the substitute liquid formed of a mixture of the
plural kinds of substitute-liquid elements s generated.
30 However, not limited thereto, a substitute liquid formed by
mixing plural kinds of substitute-liquid elements may be made
in advance, and this substitute liguid may be stored in a liquid
supply unit. However, in the case where the substitute liquid is
previously made by mixing plural kinds of substitute-liquid
35 elements and stored, there is a possibility that the
substitute-liquid elements may be separated and/or the
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can be reduced. WPD@?S‘H‘«‘BN b@r Oﬂwgt%r ﬁ@é’ Slf‘e g%@@%%@sﬂﬂb’[q he” a%f%rroc\\%‘\\g%ave
been 20 fi Risshegyikhe a3 Qémlmﬂéérw%lmwgubaﬂweﬂn@md heAlsasinnthig 8.

Casing 18, and TROGEFEI WA Foaaar e S Tatry Lﬂ“é@*ﬁ% %BSEQE
processes. [007fle aforementioned cond:tions (1) to (4 defining the
relationships between the substitute liquid and the chemical
liquid (process liquid) to be used, the effects corresponding to
20 the above-described respective conditions can be independently
obtained.
r0085]
(Second Embodiment)
Next, with reference to Figs. 4 and 5, the second
25 embodiment relating to a batch type process is described. Fig.
4 is a longitudinal sectional view of a substrate processing
apparatus, showing a schematic structure of the substrate
processing apparatus in the second embodiment, and Fig. 5 is
an enlarged view of the substrate processing apparatus in the
30 second embodiment. In Figs. 4 and 5, the same parts as those
of the first embodiment are shown by the same reference
numbers, and the overlapping detailed description is omitted.
roosgs]
As shown in Figs. 4 and 5, a substrate processing
35 apparatus 50 comprises: an immersion part 60 containing a
process liquid, into which wafers W can be immersed and



25According to the above enbodi ment, the substitute liquid has a surface
tension that is snmaller than a surface tension of the process |iquid. Thus,
as conpared with the process liquid, the substitute liquid can nore rapidly
extend and spread over the surface of the wafer W In addition, even when
fine 30 irregularities such as wiring pat4erns are formed in the surface
of the wafer W the substitute liquid can easily enter the recess 8 of the

irregularities. r%let@sB@a; @C@Wlﬁgnﬁaw mlcsorem)@cbmem drtyhehsutwh‘ettsutw
I|qU|dhasadenS|t is e sI|

I OC S
Thus, without b’émﬁﬁ“ hﬁf’?uté‘?\%d ef?ﬁéd 3%3?’%‘3{ Ce%Shéqucg pl’?‘iﬁ? and t he
substitute |i et @ho¢@amgb@naasﬁlqonﬂg(ﬁ@dmd hoécaaheowméers Nanehy,a sheti@mrocess

liquid can easi l\é hé?lﬁs VER nggtét?&ié%et hteh?m‘?ﬁfe?%soWhgﬁtOBEhgnd

substitute Iqun ute qU| can easi er an area in
whi ch the phocess Idrying Dartbe7(kub§fh¢us@dtb%mﬁ@ha@l&ﬁ%l BOasng/HEepr Bcess

liquid remaini %@c@eﬁ %mfgeuﬂééfrgaeegﬁwe@ﬁtﬁre tshﬁn%‘r@%rn' bHFte605ahqu d,

the process liquid renmalnin Wcan be_rapid %
reliably substithg ddyvaa warhe’Gubst @ @RITtEgReLy ol tHf Het*‘;?rcc §se li quid

can be separ at eghf rspm tbes@trédaw tofe frhenavalen wyrt[Qonélal@rﬂmss leydd when
the process liquid is

peri od t on
the wafer W i rotMNr p\%; o@roée??rlrﬁ“ﬂgrls&iapv%ewetrﬂéea)av% (f ﬁ%lﬁ)'rce(;%ﬁ?
with the wafter schargde pedusadlighot dodiprgkgssigenenatwafersf Wwat(n rtaeks can

be remarkably restra 15 78 ditio di togthis
embodi nent, the’ @Wst |ht%%t £ % dé@/n(r:]gt hgaf)%r ocggs fg ergqur:% so\'loﬁgl ein

each ot her. Thlﬁ;bmﬂeth@estjtssmpﬂﬂt@ﬂtlQﬁuh‘ﬁtdndeth@ew SEEPLY ITGUIREAEr e in
contact with eagh ‘EFRW u%d' @85t élh dq%eréalsﬂeapﬁ{t@ftéﬂeséaéﬁtuwt@umqw d

20 and the process m xe each other. Therefore, .
process |iquid G%ﬁﬁtrﬂfﬁ@ Qﬂﬁ*’ﬂﬁef%ﬁépswuﬁ'n@ the ocgRe %ane'ﬁﬁi?'ﬁ'g

process |liqy d gemaihRi Ngak8rd hgy.r ecassrebedbwt heHe r egsphedtive estafctiihel
waf er, can be di ssol ved into th%e substitute I|qU| d that gradually extends

and spreads ovef!@RBNEUPTALESSFIPeS5 the wafer W That is to say, the
entering of the proce{s)s)slﬂjqw d remai ning on the wafer Winto the substitute

liquid can be further Esgt? ttefﬂe V\g@PgaC‘?’%dlﬁ to td@s%ﬂgggodlnnprpt thishe

process liquid remal W<tan be more nor e
reliably substi emta:djummt tiﬁr@ hobdiiot unét Bidqis d;trts@UtrﬁdtaSGﬂt meafgF deeals

iguid can fe diplacer foem tREIGHG! askeRlbdiae W eroMeddRgol ifurieer,

according to the p nt invention, 't esubstltutell%wdls % %Iatlle
than the pr Ocesgum;@qtmlhshlﬁ@rlz@gtal direction (direction perpendicular to t

planes of Figs. 4 and 5), and a support column member 87
joined to the four holding members 86 and extending in the
substantially vertical direction. The holding members 86 can
25 simultaneously support a plurality of wafers to be
simultaneously processed, e.g., fifty wafers, from below. Thus,
each of the holding members 86 has grooves (not shown)
arranged at predetermined intervals therebetween along the
longitudinal direction of the holding member 86. Wafers W are
30 engaged with the grooves and held by the holding members 86
such that the plate surfaces of the respective wafers W are
substantially perpendicular to the direction in which the holding
members 86 are extended, i.e., the plate surfaces of the
respective wafers W are oriented along the vertical direction.
35 10088}
On the other hand, the support column member 87 is



35conpared with a case in which the process liquid is dried directly, the
substitute liquid remaining on the wafer Wcan be 30 rapidly evapor at ed,
whereby the wafer Wcan be dried for a short period of tine. [0080]

The above first enbodinment relating to the single-wafer 5process can be
variously nodified. [0081] For ex le, in the above first

enbodi nent, there has been described the exanple in which the substitute
liquid (substitattenagentthiroughl iaquicl steahbkri §3dicchaegetyingnpahe 700
substi tut e-agent_ suppl rt 3 r t 1im F ;i

substit ut e- agen%e%cﬁg%f% b%ﬁ?:‘f\" 3%%@%@%&&:68%@&{ vrﬁj%ﬁ%aé'ﬂga?fg}oyr% st eam
of the substitutre ¢lieyationcanebeadissthargedhrom t HeY stibstd tivits: &feffesuppl y
part 30 into th i-ng : di IS -ARNAGr e Bhecsybgtitute
agent (steam of&fggf'ﬁ@ su %Qﬁgﬁ% g@%n%fp%%rgdgnses%oﬁn?he su?f a((::e of the
waf er W so % hatlevhbedubd ilowesed i and ¢hA Yrtippl fEgcHem: nd’YaradBof the

wafer W [0082]oyement of theNs@sishhdti efiurt Remsinbet @esl®@ig tthe vespadti ve
supply parts 20(nozzles) 20 and 30, the duct and n_the_ above

S, e pi pes _Lh
first enmbodi merdireaHOBe 3ui $ABIY MBdi19%2d.* Fohdexa F%, Sf*lf?goﬁ‘:ot%ié‘@?iquid
supply part 20 greénbbe sSubkshi batrecagenbesupphytipaninrdersiay bertsbfuatdred by
a common nozzl e.,_ﬁ[e808.3 25Itn &ddi tion, in the above enbodi nent, there has
been descri bed t 34 r?pP%rilzl Whi ch predeterm ned anounts of the plural
ki nds of sulistitute-I[D§EO] el ements are sent into the m xer 33, so that the

substitute Iiquid fonymg chheaiméa‘éri(?n ?a tQGOpHJH%ISCHib@@$ As shown in

substitute-liquid el enents i's generate 30 However, not limted thereto,
a substitute i@ d4f dheedmByermii nga i GallNRIUGRS & PEOBSET NG é@qugid
el enents may benapgdR A agpaRcherdnd, tAirecoubsy i tawie 63 glicdnmayeheialiyyor ed
inaliquid supply unit. However, in the case where the sybst|t6t FOI|qU|d
is previously nedi@opydi%ithg BPEFAICRGNEY 8?%&5’(???&%09”&“‘% §5gl ahent s
and stored,id hepgtwsrd @ossirbolitdytdmiated hrcumferentially surrounding the
recovery tank 63 from outward. As shown in Fig. 4, the
processing tank 61 can accommodate the holding members 86
of the holding unit 85 together with a plurality of wafers W held
by the holding members 86. Connected to a bottom part of the
20 processing tank 61 is a drain pipe 67 provided with an
opening/closing valve 67a. A liquid stored in the processing
tank 61 can be discharged from the processing tank 61 through
the drain pipe 67.
10090]
25 As shown in Fig. 4, two process-liquid supply parts 69 are
disposed in the processing tank 61. In this embodiment, each
of the process-liquid supply parts 69 is formed as an elongated
cylindrical member extending along a direction in which the
holding members 86 of the holding unit 85 accommodated in
30 the processing tank 61 are extended. The cylindrical member
has discharge holes (not shown) which are formed at
substantially the same pitches as arrangement pitches of the
wafers W held by the holding members 86. The process-liquid
supply parts 69 are respectively held by opposed inner wall
35 surfaces of the processing tank 61. Preferably, each
liquid-processing supply part 69 is positioned such that each



substitute-liquid elenents nmay be separated and/or the conposition of the
substitute liquid may be changed, because of difference in properties
(e.g., volatility) between the plural kinds of substitute-liquid elenents.
Thus, when a substitute liquid is generated by using plural Kkinds of

subst it ut e- liquid el ements of con5|derablﬁ different properties, it is
preferable that the substitute liquid is generated by m xing the

substitute-li quu@cﬁlae@@nfﬁ@se/\nxﬁ hoeagdy Q:t,éw@éqy frhe tioxeldjeded Rgafent tvy
m xi ng devi ce) 33 i, mred I%E‘E) y before, the s tltuﬁ%rcts uidis sug | i ed.

[0084] 10Furt hePeld HY; hiae poldan $|’f”setm@?r‘b%tﬁ e % PASFTY step
by nmeans of a d&qam red ypser bephieeh tise wadfenshby. way of exanple, and the
enbodi nent i s not FEI E}e_gl t hereto. As disclosed in JP2005-5469A, the
rinsing step by a dEI(g) éd water may be omtted, and the chem cal liquid
as a processs 15 | i quind tiney seesosdbstrinbodda amty hathshsuhstint Utig. | #gquihe Al so

in this nodifi CﬁpwonBMU&ﬂ%d g?éh‘; ggbg?éteéﬁzné 1 ?\/\g+§gbs§ap,h§fd es

the aforenentio Irtions ( R fnin e relationshi ps _between
the substitute $iogang andstde acke ncpc%nwmqupdm%@éee%uu guPaly feche used,

the effects corgegpeneengfit@e2fuihcanhoye: @ %’ﬁ@ibb&ﬁerﬁ&ﬁﬁﬁ eweommlemﬂ ons
can be mdependentl& obt |ned 0082#&4 Seco

reference to Fi §&ich SSDQ @SS’M%rﬁmrcg%ﬁwe%ﬂdt 3UBQB’atch
type processyi Spde;sceepeﬁe tRiegsarfhel s ahbeagift tidi adbvedetst arabodimwnof a
substrate processing ]at us, showi ng a schematic structure of the
substrate processing ar‘atus in the second enbodi nent, and Fig. 5is an
enl arged vi ew of the Bubstaavergr deeksiodg iappartaniis adapteé bo eederd a

enbodi nent . E st Eﬁ{lﬂd5ovepﬁo§/ A, St F&%sm%tﬁ%l&('éﬁt AS

enbodi nent are e sane reference nunbers he overlapplng
det ai |l ed descri @fﬂi}‘ﬁﬁ] I“s Fo@n th @ined d%]:he recovery ks Rewis @ndBi§sPIRE and

5, ? substrgg e gpo @§§lcﬂ9:! %%p?}rﬁt@%rﬁ(a\gq@ﬁ%h esan@b 64TéTErSTﬁg pantd 2(23
containing a pr qui into an ,be. i mmers an
processed; a dr9?ﬁ tﬁérf”? ecéﬁf:f’&ﬁ%gap\gaé% Cpﬁe%\?/afjegt‘@a\/\gﬁﬁ K "RaV¥ been
i mrersed in thergrocaystdriigaisdtrand gor deesisad) papadai ng unit 85 configured
to hold the wafers J@%ﬁ shutter nechani sm 80 i nterposed between the

i mrersion part 60 an drying part 70. The shutter mechani sm 80
includes a shutter boks 8héwnenpobiad Bet Weenotber itamr Sidorispadepedd affd t he

drying part;q0, r@&gv@ §"E1‘P&ﬁﬁf@r%q%1§1 flﬁ'e‘étm@ W!ﬁ 'l“b?@rec@ $dmDiposed

in the i mersion part IS a process- supp part (Erocess i quid

suppl y nmenber) 69%@“7‘%@”56‘ Y. dl\ﬁfé}%{”f &@eapﬁ@k%eb@ MG restters k:
processing the walied %t(Weth tth@ Qifertamands, the adsyiingaparthe/uts firvi ded

confi gured o 3%30@1%55% SEBRLPar g R HE S REEEh FURPRYTRES ) 1o,
for substituting the [@ee€pss |iquid renaining
25 Next, the drying part 70 is described. As shown in Figs.
4 and 5, the drying part 70 includes a cyiindrical body 71 having
an upper opening and a lower opening, and the lid member 73
for covering the upper opening of the cylindrical body 71. As
shown in Fig. 4, the cylindrical body 71 is located such that the
30 lower opening of the cylindrical body 71 and the upper opening
of the processing tank 61 are opposed to each other. As shown
in Fig. 5, the shutter body 81 of the shutter mechanism 80 can
close the lower opening of the cylindrical body 71. As shown in
Fig. 5, inside a chamber of the drying part 70, which is defined
35 by the cylindrical body 71, the lid member 73, and the shutter
body 81, the holding members 86 of the holding unit 85



15 on the wafers W Herebel ow, the respective structural elenents are
described. [0087] Firstly, the holding unit 85 is described.In this

enbodi ment, the holding unit 85 is structured as a wafer boat 20 i ncl uding
four hol ding nenbers 86 extending in the §$bstantially hori zontal direction
(direction perpendicular to the planes of “Figs. 4 and 5), and a support

col um nenber 87 joined to the four hol ding nenbers 86 and extending in the
substantially v&ﬂﬁibat dhﬁecaighuﬁTha mél@hﬁgrﬂeM®ehek86b¢amh25hokﬂng

si mul {aneously SURRGLL e, PLHAL LILcAlaLRER, | oribe |31 ki Bacopsionn oe

processed, e.g. fTom bel ow. the
menbers 86 has @E@@V@@ d%ﬁOWﬁm)aiaﬂﬂaﬁ“@d’@éthpté@l@t@mﬁ rtvefd’thmctwa@s

t her ebet ween al gngt be. a)a‘t% tngtﬁ'é‘rHts‘ﬁlhr%%tt' Mo @ t henhol di agiderBRiL&6.
Wafers Ware 30 engage grooves and hel d by the hol di ng menbers 86

such that tHe p?%ttcéﬂsh?fsﬁ@é%amd R et NIEI SRAPEYY Ware substantially
perpendi cul ar to thetg@ggqtl on in which the hol ding rrenbers 86 are
extended, i.e., the Fiosurfacgs of , t he rispectl v re orjented

al ong the vertical 8t 1857i8688] O the Bonst oh ‘dte t’ﬁ&f‘gu%‘b%?t‘f
col um rnenber 8§a;its 7333 axt efidedsédr ougthea priabamsimer t&8< 061t heldr yihisg part

70 d i bed b | I.S.+] OJ t ti
rechant sm not Shoae Gyt PESEH G SHEC UPRACH C agene) SLEBH, gl Focieation
support collfm feenet ?&7a(farelbegaiﬁicblcé’%@@éd:@nﬂlarﬁﬁérE@G@In@m@@ttihk@ﬂ@erat| cal

direction. Due aﬁletttsnnmvc%vrt%% ate tmdmgopﬁétnmsug@ BERREr h8fdiAlgonaitt he
verti cal dlrectlon as shown , the supportsﬁ;‘ol umm nber 87

can be noved bedhedif tePFée’i‘ﬁﬁér S|T5'r‘f—' 6&t'ﬂdé‘@aéﬁﬁemt%e‘a Sng! ratrge;oho [ 0089]
Next, the inmer &h&nsrﬁ)@\t’\m)ﬁﬁ)hicﬁw éeé%hb@cﬁ aﬁ%tﬁﬁt‘éﬂtﬂalﬂyﬁtﬁ? sémd hatdheeer si on

Pank 63 cf rount & GHIPRBFISRT IGTRTGt RECUBGRE oferisid b thE DPAEEEs Ny
tank 61 froms 15owimmbeds &id anTbatesruttﬂrﬂntéEagém‘cuaﬂapb,nt 'paHtsy ghbr ravendi ng
t he recovery tan f g SI t ank
61 can acconmodate %[%ﬁ;\feﬁg] ﬁ}gi&an@nb%?)g%ggwgfhﬁh% hvc\{faﬁl n&bﬁﬁ? totg%t her
with a pluralitgyloidnedlebsdw ﬂéJ d Byefeabhol 8rag ﬁ’éhﬁ’ét@t%egeﬁﬁnﬁ@@l@@d to a
bottom part of @Qtt 2@ %f%;tﬁbﬁ@?t&% ft%a'tse@cﬁr@flsew@@ meprsovw@t@dw th

an openi ng/cl osing val ve 6 Id stored in proceSS|ng nk 61 can

be discharged fPBHYERR HPECE¥LI nd laaﬁﬂi‘%lwﬁfrﬁréudﬂ tW@ddr%\(n BE p&oF g 0090]
25As shown 3m FirthmBerd 8% P6oeess dischb ) sSEpsiaamartt s b saitate liquid to

a space between the wafers W.
[0096]
As shown in Fig. 4, the substitute-agent supply parts 75
are connected to a heating and mixing unit (heating and mixing
25 device) 38 through a substitute-agent supply duct 32. As
shown in Fig. 4, similarly to the first embodiment, the
substitute-agent supply duct 32 is connected to a plurality of
liquid storage units 34 and 35 respectively storing plural kinds
of liquids {substitute-agent elements) to be mixed with each
30 other so as to constitute a substitute liquid. The heating and
mixing unit 38 also functions as a mixer (mixing device, mixing
unit), and generates a substitute agent by mixing fluids flowing
through the substitute-agent supply duct 32. In addition, the
heating and mixing unit 38 aiso functions as a heater, and can
35 ‘heat plural kinds of liguids (substitute-agent elements) to be
mixed with each other so as to evaporate the liquids.



di sposed in the processing tank 61. In this enbodi nent, each of the
process-liquid supply parts 69 is forned as an el ongated cylindrical nenber
extending along a direction in which the hol di ng nenbers 86 of the hol ding
unit 85 accommodated in 30 the processin ank 61 are extended. The
cylindrical nenber has discharge holes (not shown) which are fornmed at
substantially the sane pitches as arrangenent pitches of the wafers Wheld
by the hol di ng nenbef@088, The process-liquid supply parts 69 are
respectively held by ‘&%p?gefh EN0SLNEH, égSHbEﬁéﬁﬁ Oéhé hﬁavwa%e@éhﬂ%stank
61. Preferably, each rocessi ng art |t|o such
that each 34 dﬁ@@ﬁaﬁd@ h@ﬁé35%Eﬂﬁtﬁ@@dﬂbﬁﬂﬂééﬁoﬁﬁé3w ?&Eéﬂi ers W

e hoe Dot naen_ (REDELIRARRLS Bondanes P Hhechreamaiyy Dsaostiliguagene @
Sp S S SNOowWn in
o, 4 the5pr@é@§’b€ﬂ'ﬁ5q&?8 sgiprad Sro6 SR8 Tesnanian Tav Saala ul's

storage units Zﬂmgg\@qZéthBQLt@htt@e preatass dnidquiicisgppliy 38uby r22anStefuct ur es
of the ducts and the pipes of the secand e C. arﬁﬂ,gg,sp sed
BHORE 20 ved SRR G 50 HaFLngo S, e

upst ream si de &t9thé 9, 'are the same as
t hose of the abmeifigr sndenbodimentinit] 00®2jcan heat Thedr @YeVer§te afike63 s

2 tank adapt od 4,00 LiRihed RROGRES dil e SaBYSs HHaw fe Fegmdinse piRessi no

tank 61. As e recovery tank Is a drain pipe
15 64 pr ovilﬂed mtmammﬁéﬁ%gﬁfmﬁngTV&ﬁv@ euadetpEmingsl |a(§“%P'Flet 8d in

the recovery t%@§ af3 BaNhE §u5§h%ug@duaﬂmn@élﬁasrtmée@gemmkh@mgnr augh
the drain pipe 6

shown in Fi er tank 6 ) apt ed
to 20 receive Ct?%f@‘i:&ﬁf‘%?%ﬂtt’ioél CARR B 86 g‘ﬁ(j (:/%({l'l a@ﬁ%ﬁo?%%ﬁ%& te@?ﬁ
shutter mechani&/n 8€.d\MhRBrd&e fpow) Bed isngshialite-8gecentarmpia ﬂarqsu?cﬁ st or ed in
the outer tank 65, agﬂqag%? Inward the outer tank 65 and the projecting wall
84 can be bl ocked fr t'si de. [0094] 25Next, the drying part 70 is
descri bed. 155 shown iin Ehgssedbrahderbbotimentyisigifay tothechlens frst

cylindrical bOdé/mE%dhr%VéH‘Eg fr%e%tr%@%f&e%@%f éﬁ)ﬁ\@,ratggeggngnd@@@st he

lid nmember 73 for covering upper openlng cylindrical q§
shown in Fig. 4he Heveylingdti @Eﬂraﬁﬁdwnﬁisl 3% Got e@gsucﬁla‘m%'tyft He tRg | ovver

openi ng of the Gyl giiLal Wku@st%‘ﬂetbgelﬂ!@p@ Hpensdtgarafed lieomr anessi ng
tank 61 are opposer?

of the shutter %ﬂa&ﬁ@fﬁ%gnggﬁ‘%&%%s@%ﬁe%oh@?o%%énﬁn@ttegfe'nts%etE:ﬂenr f%gg?/cgll
body 71. Aggshowuidncsirgosed bhshdetveo dhadberf loduidse tdriyé myoparsperdjc,whi ch
's defined a steamn of a mixed liquid {substitute liquid) composed of the
two kinds of organic solvents., In this embodiment, the mixed
liquid (substitute liquid) composed of the two kinds of liquids
satisfy all the following conditions (1) to (4) which are the same
25  as those of the first embodiment. In other words, the steam
discharged from the substitute-agent supply parts 75 satisfies
all the following conditions (1) to (4). when the steam is in a
liguid state. In order to satisfy these conditions, the liguids
stored in the liquid storage units 34 and 35 can be selected in
30 the similar manner as that of the above first embodiment.
[0099]
(1) The substitute ligquid has a surface tension that is smaller
than a surface tension of the process liquid to be substituted
with the substitute liquid.
35  {(2) The substitute liguid has a mass density that is equal to a
mass density of the process liquid to be substituted with the



35by the cylindrical body 71, the lid nenber 73, and the shutter body 81,
the hol di ng nmenbers 86 of the holding unit 85 35 together with a plurality
of wafers Wheld by the hol ding nenber 86 can be accommobdated. The |id
menber 73 can be elevated and | owered along the vertical direction by the
driving of an el evation nmechanism not shown. Thus, the |lid nenber 573 can
be separated fromthe cylindrical body 71. [0095] As shown in Figs.
4 and 5, two suhpsidtitute-agedt supply parts 75 are di sposed in the

processing tan 1. th [ e th ti ng esupply
parts 75 is 10k(f*)3 hhgs %Lﬁosglﬁ@ggaﬁ(ﬂj'g |$T?l&d]rﬁbae| [?rga %{Eeﬁd?%e g?ong a
direction in Wrmdﬁttﬂméethoﬂldhrt@en‘elmw@%h@tﬂid REe ﬁ@l‘@‘?‘ﬁg‘mﬁﬁﬁh% §Fe

extended. The Gyl ndical, ieribre s, el 9¢haede holasic IRbns b roueiseh ar e

formed at subst: tlallg sane pitches as arran [Tent pitches of the
waf er W hel § byiaHé HoPgisitp Siﬁuﬁ%%”é‘ﬁg e Seheti tift-e- agent supply
parts 75 are respectijgebpihel d by opposed inner wall surfaces of the

cylindrical body 71. Pref £ ably, e (;:h substi tute- @gent Sy gplrxﬂpart the 1S

posi tioned such that "8ackN§€thadfige Hd1 e T's I'Bcafed bétWedn THe 't wo

adj acent waf er ssiWdtedudebygé e shqjmlvnghﬂm BEntier so86esbedste oadinsithacge a
steam of a substlt e Wy [
ggghgh E% ’th@e&agen Sup‘@%‘%' A Shitn PGke

As shown in Fl Stit parts are connected to a
heating andOm xiamfrohi vakieealsmgaadd mxpﬁ@n%%@@ﬁkf@ ‘3@ MehrdRigh aby

subst it ut e-ageny ér"b‘%mg%’tﬁé'cﬂov@?atepéoﬁﬂ?QWawe Bdh afd @%béhﬁﬂgﬁ@osﬁ;hg first
enbodi nent, the substl ute ent supply is._connected, t gegr ality

of liquid storagdVendes, @49&@@?@5”?"@@&@{7"%@ 0§t‘6'rtf‘?‘ﬂf'bIQ?r5al'S EPH&
l'i qui ds (SUbSt'ﬁrBh‘?Tﬁgaﬂtrcﬁje@ﬁEfﬁ@)get QnHGBmt)oedwwhtefateﬁoflanﬂOn‘oKth usd as to

constltuteasu t|t eI| The heatin Ln it I
functions as a xer FPPXl d'e\”%%e”rrp%shg &%éang é@nehre}&gg 28 a
substitute ﬁgenpbréwetmrmmgdfﬂamueréﬂmw bg ttHH mmnnm@rgu@smrwtmag’e&u
supply duct 32. d e i f tions
PPy anﬁa%a e%%uf;‘)éaalred H& ?Hfﬂ% %?ﬁi g ¢ é(]ga bt de?c%rﬁ%aﬁ@d HBG

as a heater, t pural & subst it ut e- agent
el enents) to beratiexedMienhthectfose mern téoned %té‘—aé‘%' '&?esﬁl?%‘qqtéu‘ﬂ%‘d 36

[ 0097] 58[59(4&5}{@%1 éW lg@ltpg;r; Sind¥ 9%@@&9 ntefajeamcﬂyw@be rEEoLEe

val ves 34b and !/ cl osi n\g a:%%( 4c hd
pr edet er m ned a@®8iteMoing lﬁ‘étrpé§ﬂe%’iqr9§es Bt E‘ﬁ’{i‘ mg ahd mixing
20 unit 38, the generated steam of the substitute Hquid is

discharged along with a carrier gas formed of the nitrogen gas,
from the substitute-agent supply parts 75. As the nitrogen
storage unit 36, a known storage unit such as a tank can be
used.
25 10101]
As shown in Figs. 4 and 5, connected to the drying part
70 is an exhaust pipe 77 for exhausting the drying part 70.
[0102]
Also in the second embodiment, the substrate processing
30 apparatus 50 includes a control device 40, an input/output
device 41, and a storage medium 42 (see, Fig 4), which are
similar to those of the above first embodiment.
[0103]
Next, an example of the substrate processing method
35  that can be performed by the substrate processing apparatus 50
as structured above is described. Operations of the respective



5 elenments can be supplied fromthe respective liquid storage units 34 and
35 to the heating and m xing unit 38 by neans of, e.g., a lifting power of
a punp as a driving force. Then, the heating and m xing unit 38 can heat
and evaporate the predeterm ned anmounts the liquids fromthe respective
liquid 10 storage units 34 and 35. Thus, predet erm ned anount of a steam
of the substitute liquid (substitute agent) having a desired conposition
can be gener at edyy@ndat heslgenerntat edost eparfoamibe ditbehabgpbeivwf ¢ e i thed

substi tute-agent suppl arts .75. I [ 21
simlarly to tr?éjbé’gg’gtgfpﬁ?%?gséﬁgoglle%g%t%], aﬂ'EeEcS)h sti %?f%r%@gggi %Sdﬂf?gﬁ)ar at us
50 incl udes thdrtmo thiequbdtst of agiseudiot HBL£damd 358 RAARBIY PHEYHILS!Y

enbodi ment, t h%téppétihttlﬁteegﬂ?@?n 0o kR divsedaige from the substitute-agent
team o

supply parts 7 econes a a mxed 20 |liquid conposed of the two
kinds of |iQuids, tolBé&OAore specific, a steamof a mxed liquid

(substitute Iiquid) egpmrsedtofthkeherdtworttictemeait, ahgafiltowoigrentstraka this

enbodi ment, the mxed liquid (substitute |iguid), conpgased,of, the,two kinds
of liquids sati®oressing ﬂ‘émf | W T T t"?q% 49y g‘t%d%(g)\ﬁ’\/\hq%ﬁd'b\gg”t he
same 25 as thosgepf it henithnstfesbodanenteaned diher clwemdsg! tifveidst@ahe:p

di scharged fromthe substit - n y t i-SEL | +fbe

fol | owi ng condi'fi %Q‘C%'l)stkteok}‘%aj)e?sgm}énwgm spgg% ?se‘é?]nsiglo:c?%%??ﬁ g attef I'n
order to sati sfghdreéss lcondi @remsnsehdy pquicdesstlsied (4LIPAEZSY §Eta st or age
units 34 and 35 |0ir30 U R8I 181 d 3| SEmRpaheafinkBatweferthe
above first enb%%?%%ﬁﬁﬁ%%ggfﬁ(ﬂf?%ﬁg?s'u s’_tgi!t_ut?lii%g(i d has.na surfz% e
tension that i|sWshallhat HieaATecassr faelE (SRAVAESM PR JiESalen e Yui ﬁeto be
subst ijt uted w L@a?&% Wb§|tsiu1b@ti@utécqu\isgh £B%( Q&Ef%l@twu&sbsqhtd;t antli ystep hasba
mass density that 1s equal, to ss density o c [ e
substituted w tWhHiHe tﬁ%ﬁ‘é‘?ﬁé‘i‘&?ﬁ? Il 'c?uf@)év(ag) Fr%ﬁgpﬂéh%ogfaﬁgh% gvlslc!)qha?d and
the process diow dito e subGrst W.ed Wetdbdibe, stbst respectiveusi@psar @rsol ubl e

in each other. 4) .The .su itute liquid is nore volatile than the process
5/iquid to be sﬁ%%‘%’i'?ﬁ?éﬁ Q%S[%H‘the substitute liquid. [0100] As shown
inFig. 4,in this enbddiifEnt, the

Firstly, the lid member 73 is elevated, and the holding

members 86 of the holding unit 85 are elevated to a position

20 outside the cylindrical body 71. Then, wafers W to be
processed are placed on the holding members 86 of the holding
unit 85 so as to be held by the holding unit 85. At this time,
the plurality of wafers W are simuitaneously held by the holding
unit 85 such that plate surfaces of the respective wafers W are

25 oriented along the vertical direction. The holding unit 85
holding the wafers W is lowered to a position where the wafers
W are located inside the processing tank 61. In addition, the
lid member 73 is lowered to a position where the lid member 73
is in contact with the cylindrical body 71.

30 [0106]

Prior to these operations, or simultaneously with these
operations, based on a signal from the control device 40, the
switching valve 23 and the flowrate control valve 25b are
operated so that a chemical liquid is discharged from the

35 process-liquid supply parts 69 into the processing tank 61 at a
predetermined flow rate. Before the wafers W are



substitute-agent supply duct 32 is connected to a nitrogen storage unit 36
t hrough a duct 36a provided wwth a flowate 10 control valve 36b and an
openi ng/ cl osi ng val ve 36¢c. By operating the flowate control valve 36b and
t he opening/cl osi ng val ve 36¢c, a predet egser)g ned anmount of nitrogen gas is
supplied fromthe nitrogen storage unit to the heating and m xing unit
38. Then, the nitrogen gas, which has been heated to a 15 predeterm ned

t enperature by at:h@rrhﬁatjlaﬂgd aimd tiné xp g essitg 3Bnkcén , bes uyppkeed Ngo ta e

drying part 7018 pERelFEIAGS FLONCER fo en he aLogaenhpanee ot eam

of the substit rate predet er m ned_ anount
of nitrogen gasrva‘ﬁeo%n theard thoggeeds tior a@@ d?ﬂftd”?s% £t HEd hedt Phgtane mi xi ng

20 unit 38, th%c%ﬂ%%ﬁ%‘é?étﬁﬁg@h@ &r%e%'a%t ithule d1i quhd W%félﬁ§waég@d

along with a carrrer gas he nitrogen gas, fromt

substi t ut e- RgeAtBapsIdy @Y fle FQeWai H@Uh‘?tréa *%F‘&?%\Bﬁrtﬁmet SBEACES known
storage unit syghtas avh@Ms oan e usgrhseb| tl0the Ashehoieni i hqkiggsand and

5, connected to the dr an. exhaust .pipe. 77.f ng the
drying part 70.PTPE%0% AI§6ﬁﬁﬁ3ﬂ%%5§i%%ﬂﬁﬂ%ﬁ%%aiﬁﬁ Cb?ﬁg“ghbgppgﬁggi
processi ng 30 @ppanahus usly idist e daficont e pdeveseiwmfdmﬂmlmmat put
device 41, and stor r ar t hose
of the above fitst°e %d?qgﬁsygkﬁiﬁg?ﬂ%e cbgéﬁﬁgggﬁkﬁhb% guﬁgﬂ%tbs?bgte
proocessi ng10et oekr3Eat hkiguahnoverfpewig @by thae D§Q|@%$9r'a§e tapkcédsilhg
apparatus 50 as HiHe %%ea é’oe\/ér% %ﬁ@@SbEdThQ@fe%lc%mSlq?tfldt(ftﬂlerdté@em' ve

38 structural el errents for er*)orm n bel ow descri bed subst rafagggr ocessi ng

net hod are contlﬂo?lhﬁ’eﬁe@@/\/%"(i/nﬁ@‘i( % gﬁé‘r@"??%nﬁﬂ?@réé‘ t ryl ey 0 'Based

on the programgpreyiusingtanrds 1 Nt g oge alnash gripgesdredi um 42, 5[ 0104]
Simlarly to the fi rﬁg{égﬁ‘godl ment, the follow ng substrate processing
nmethod is a cl eaning d of vvafers W including a step in which wafers W

are cleanedsby a cheniesal thiequirdina stegpis nlasaridled. heF watlgr Pasgdwkinch have

(del oni seq-wat ser 8 silp TREh FlR cordthiCpePlie. Bpr 368 sHenRIePEER%, B
rinsed wafers \rsb thetfloweape ocwsigol i yalive (4t oﬁTQe@PWﬁt@Fj) r dhdiSni Ag on
the wafers Wi s éBR cﬁé ug\%qeyvl tag tEpe gét)(%_ss@ ty@lg;d i g;UIgijﬂnéH afsdrep the which

t he substltute iquidis renmoved from waesWs as
process-liquid supply parts 69 into ’c e processmg tank 61 at a

20 predetermined flow rate. The chemical liquid contained in the
processing tank 61 overflows from the processing tank 61 to the
recovery tank 63, and then the chemical liguid is drained
through the drain pipe 64. In this manner, the chemical liquid
in the processing tank 61 is substituted with the deionized water,

25 g0 that the wafers W held by the holding unit 85 are rinsed.
During this rinsing step, the deionized water is preferably
continuously discharged from the process-iiquid supply parts 69.
The deionized water, which has overflown from the processing
tank 61, overflows from the processing tank 61 to the recovery

30 tank 63, is drained through the drain pipe 64.

[0108] '

In the above-described rinsing step, there has been
described the example in which the chemical liquid in the
processing tank 61 is substituted with the deionized water

35 discharged from the process-liquid supply parts 69, so that the
wafers W are rinsed. However, not limited thereto, the



15 to dry the wafers W Herebel ow, the respective steps are described in
detail. [0105] Firstly, the lid nmenber 73 is elevated, and the

hol di ng menbers 86 of the holding unit 85 are elevated to a position 20
outside the cylindrical body 71. Then, {fﬁrs Wto be processed are pl aced
on the hol ding nenbers 86 of the holdlng it 85 so as to be held by the
hol ding unit 85. At this tine, the plurality of wafers Ware sinultaneously
held by the holmmgzd&mlltqu% stuokdt hatthpl ptecesginacesiob it heay spéusilve
wafers Ware 25 orlen el ityieC re Th it 85
hol di ng t he waf%raénw r?%\@&%& {P'ga }84. 5%5 ﬁo%h\ﬁhgﬁée@%ﬁe! ﬁ?@?rgt@%rlga

| ocat ed i nsi de tamé ﬁﬁmessb@g‘llﬂ%fhwwm a el eigied vrtet hy fithasabdd 8 is

|owered 1o a poslibf e gt e el i BRgRErS TSI dUb oISt dLh the

cylindrical Prior to these operations, or
si mul t aneoudl y W|th {Hege] operatl ons, based on a signal fromthe control

device 40, the swi tchhnggygaliye, %&@ﬁ@ hhechkpwsat eotoita adharalas-12Rkdar e
operated so that a chemcal i is discharged. fromthe 35procegs-liquid
supply parts 69CEANEG helgdt o@é‘élsﬂgetgﬁkoﬁfeét‘”& B e4€EY i médvf 1 ow

rate. Before the méeatse\/t/tmte by3® pecetimyotiae epdnminghe opiror essyagGaakdel,

e, 0 N 0 W i, ALY 6 s

when t he vvafers di ng uni
accomnmodat e | nthmeirprrtgc@@ﬁ n@t%nli‘hei ti’t%éﬂﬁ\l@feeloé W%%YS“'Q fAitséd nt o

the chem cal ﬂﬂé&l wlt’FH tah'rﬁtrg%%eratn{&epiféﬂef aces 8fidithen Wafetise Wanhe

exposed to the chem cal and Brocessed Dur i ng t hi s, Ieanl ng st ep,
r

the chemical |igmea Pr‘ﬁyoikféraéﬁ?ﬂ ithGoNERY N SRy romitt A8 5 OLELSEN qui d

supply parts 69¢ a@foft$ﬁ1§wﬁéhyp@ffathh@ ichempmald inguitde by ibe ;m:pmdo The
10 chem cal |iqui d overf

fromthe ro¢ Kk i-S, C cted in
the recovery tafk ®30¢&hanc HH%? rﬂ SHUY FSCE‘ gay'%% P%b ﬁco&tﬂr]g; %Sank 63
i s drained,1gli Sﬁ@t@i@ﬂa ot thier cfullammlglsumsttmmrp; atepsi apndamady efheough
the drain pipe 0 [ p gt |y,
based on a cont F'iﬁa é(Otﬁ i‘:’L‘FL}%krgnEﬁ téh { ?’h%/?%é% %én §Eﬁé chi Egﬂh\%al ve
23 and the fl owdayt;egcpanttr o0, m\xémzmtm%rr & adip et siess. Oﬁ'tﬂ]§ éy'd'él BAIZ&8 wat er

as a process |1 gihhd SepidPRubRA gré@@h%&? RHRIESG" i 1lBEuDR) Yigdad 69

into the processing tan predetermnéd fiow rate. The chemi cal
liquid contai ne&ejgificifaithr E8gsidng t ank 61 overflows fromthe processi ng
tank 61 to jde recov onglt{)an 63, and then the chemcal liquid is drained

th h the d In thj th I i |

br 0cessi ng tank 61 3\? oot 18 uPeBSPTINE nattor o Coa fafer 195 SRWRE (e
Wﬁ.f e{js_ W hel g byinithes h@lejlewn@temltbgeﬁ‘l?ﬂr @it tilsedwaﬁmrnghem bwi'if:ﬁssal@!est ep,
the deionize “gueflyqepgﬁqgerg@wﬁ A QYR %a@b?&'\ﬁ/\,ﬁ%@e hegh Raded

process-1liquid dei oni zed as overfl own
from the processitog thankngng easkf VewstHe ghuther drasbesdl ngf thwk SBHHERY t he

recovery 304ank 63..48:6r abnedsiidnpughethecttaithePsertef-box 83 so as to

close the lower opening of the cylindrical body 71. Thus, the

drying part 70 and the immersion part 60 are disconnected from
each other.

(0111}

30 Under this state, a predetermined amount of steam of

the substitute liquid having a desired composition is discharged

as a substitute agent from the substitute-agent supply parts 75

so as to be supplied to the drying part 70. Specifically, based

on a signal from the control device 40, the opening/closing

35 valves 34c and 35c and the flowrate control valves 34b and 35b

are operated. Thus, a predetermined amount of a first liguid



[0108] In the above-described rinsing step, there has been described the
exanple in which the chemcal liquid in the processing tank 61 is
substituted with the deionized water 35di scharged fromthe process-1|iquid
supply parts 69, so that the wafers Wareqfi nsed. However, not limted
thereto, the 40 chenmical liquid stored ih the processing tank 61 may be
firstly drained through the drain pipe 67, and thereafter the processing
tank 61 may be (kid .| €@Awi ishpaopel ahiated ) vist erfitst ol beiartgr agethelaeshi zed
water fromthe _pr -l iguid su -1 i détion,
during at | eastf%ovgsg%g[?mt h@gcﬁhres'?ﬁ @Q{‘yq ?%ritazg?Sl%géﬁi%éqggoeﬁhgn%e?gﬂgég.

dei oni zed- wat ermixiingi g tsi@panidt ai BrestesesMEPRE AMAUN LY Bp%‘?“%ﬁ‘?(ﬁé‘qﬁ‘h%

openi ng/ cl ols! ngey%]f Vﬁ\’igtﬁﬁl@%ﬂ)ét%%rﬁ I Q%Wa;.t@&ﬁmt hrssjbts\mhy@néi_,ﬁj:n_ A £ @lefi]ir]w‘remge_n
gas is supplied into e dryi ng, par so tha i NSi of. rying
part 70 is Pil Ifléd’\’%\/iffqmamﬁtste&@é‘% Qﬂl%%ﬁ’ Brde Ipr?ﬂédjgﬁef? gﬁ,e ﬁ?a{tﬂg %&&’E
tine, by Operatda[}gnli;;h@nt'te@@.ngir&rldwe"ﬁh@atgwglm?md 3giximgniunitoGéh tas fofsta hi gh
tenperature is su ied into the drying. t 70.50, as.5o0,.heat. an,inhner wall
surface of the iﬂ}@gn@’ﬁartﬂjem?ecﬂli é'%gidtljggrgedz’a‘ﬂ’é% ?%&tﬁ§%f6?1 (';bv\r:ﬂ;
substituting stepdetendensat ot wit ackteamibstitte sugsstli tateami Qi dhewhi ch

has been di sch . the dnyi r t han iSHré@epeof the
dryi ng part 70%’5%%(?%%??elr'Tthjigngg'gpngvgﬁﬁgé?%ne%g‘;@t Egaé\g}i’??ﬁu%e éi qui d
can be eff 16i ermixediiquiiged. trEpfiostdjoudand the saiedd tiatithg S0Ep-itee
described. The holdichgrmibd 8inbane! eyt ek t @gesier i tihpphed wetheosghv hel d
by the sane. After the hol di n%h‘luﬂnit 85 anc} t he ﬁ?fers W have bgﬁ@ IRgded
into the dryi nfFyRatiturg;aggt RI%r PBEGY /81 t8f L hie? SRt e WBT NI AERi sm 80
is slid with regprgt Woathemshotibesd hoxh83disongypdre l.ose the | ower opening
of the cylindrical bﬁai#é Thus, the drying part 70 and the inmersion part
60 are di sconnected ach other. [0111] 30Under this state, a.

predet ermi n6d anmount Sofnidt@aao syt hetls ubet geoesatipgul shabi agsabeéditeed

gﬁg&o;i ;;?t” S A SANA 95t o8R0 SYRREY! BE §IAIRTNLE "R hBELRWDSAY banggent
unit 38 by operating the opening/closing valve 36cC and the
flov@ate control valve 36b. In this case, it is possible to stably
and reliably supply the predetermined amount of the generated
20 steam of the substitute liquid into the drying part 70.

10113]

Thus, the steam of the substitute liquid supplied to the
area surrounding the wafers W condenses on the surfaces of the
wafers W which have been drawn up from the deionized water

25 stored in the processing tank 61. As a result, the substitute
liquid is applied to the surfaces of the wafers W, so that a fitm of
the substitute liquid is formed on each surface of the wafer W.
Then, the deionized water remaining on each surface of the
wafer W is substituted with the substitute liquid.

30 [0114]

A supply ratio between the supply rate of the first liguid
from the first liguid storage unit and the supply rate of the
second liquid from the second liquid storage unit is determined
such that the mixed liquid formed by mixing the first liquid and

35 the second liquid at this supply ratio can satisfy the
aforementioned conditions (1) to (4). Thus, the substitute



so as to be supplied to the drying part 70. Specifically, based on a signal
fromthe control device 40, the opening/closing 35 val ves 34c and 35c and
the flowate control valves 34b and 35b are operated. Thus, a predeterm ned
anount of a first liquid 41 (e.g., |IPA jsopropyl alcohol) as a first
substitute-agent elenent flows fromthe fi'rst liquid storage part 34 into
the heating and m xing unit 38, and a predeterm ned anount of a second
liquid (e.qg. hmdnofammﬁ@téttbett)e asafzrsedomnd!Isebigsiv dhe-zyent @NHEaPs 5

fl ows fromthe(ﬁﬁct%ng I|qU|d storage part 35 to the heating and m xi ng unit
38. In the heat mxing unit 38, the first liquid and the second
liquid are m xed and [Gehbed, and a predeterm ned anount of a substitute

agent (steam of the subgtifsd ehiasi d) nGI&IédbﬂacgﬂﬁerpaéedﬂSWt herrey@pbyat i on
of the 10 mxed liquid of the

fi rs%ﬁé % d second || q‘i1 ratTgen
the predet ePni mBIKIBAOUR 18F I Ghat &t BHAT r?’dﬂﬁl i ngfrh@r 68gR 'SubX &~ agent
supply parts 73t @ h@@tlﬂ@e@eﬁlk!érm(ﬂs reg: rithien twealftesr QrW@OGM@at'{é@YEHSt he

drying part 70. [0112 Ltaneousi,yﬂ th e gon
substitute |iqui d?? %Shfiﬂtﬁ/ glﬁ " gés “rHF Bt foltno n ?crrl}%o Lhea(f] an mX| ng

unit 38 by opereatdpuyative apéna rtg}knposutngl d| e S&B@ndftthé *ﬂ‘éwf di®!idont r ol
val ve 36b. In z{ﬂégnc?ﬁ-ﬁefer frh?‘n 3 cROSHY %etc‘éu%reagfT Hii@@ﬂzr{&' R pSyaRby the

predet er m ned e generate Osteam of the substitute Ilogjmd into
t he dryi nglpar tspE@ds orf13pe respectivgs! ‘qfih%s strespestvens hisberte It i qui d

supplied to theezéﬁ?%] l)'rfro@Hﬂﬂgrt%et hﬁx@é@fiedi@udw clapdeneesaono tdagsur fidees of
the wafers Wwhic avé been dra rEguir@rﬁi’the de on| ed wat.er Hzcg %ored
e

in the processi$fPOSHRESE, SARCE %UBEP r??%%?télv?s ied to
t he surfaces ofartehgup@ﬁ@t;sfr\qi\fn shet fgiamtidl hyofd sherapbpirtutsed Ianciuﬁa is

formed on each sur t he T t QN ter i ni ng

on each surfacée© OFF’ 589\}31“ Q\\é])ﬂ?%xu&tli]g??é% W taﬂsettﬁebéﬁ sét(i}%t %t gjh ?gw d.

30[0114] 15 ha{\nsiupplqarr ael effbetivebn pravestepltihat 8 eoofpeHsiof PEtEhE qui d

fromthe f1rst & gga Gcﬁ}sgf@@r%r@wam%tﬁﬁ?ampalaorhabgat@éntdfetwgpmnl i qui d
ui

fromthe secon orage unit

termned such that the ni
liquid formed byf hﬁl@urng&tdwéqmd SHTFEr GEo 8AAN3BNRE: seéfivd UiEg BS%{%FhI s
supply ratio caf,s@t aphyicdhes afr enarars O\VW:edwﬂoﬁétitsfx,Ort&e( éforteﬂnééhoﬁhds t he

substitute
conditions (1) to (4).
20 [0116]

With the use of a substitute I|qu:d satisfying the above
conditions (1) to (3), as described in the first embodiment, the
process liquid (deionized water) to be substituted can be stably
and reliably substituted with the substitute liquid for a

25  significantly short period of time.

[0117]

Namely, when the substitute liquid has a surface tension
that is smaller than a surface tension of the process liguid to be
substituted {when the condition (1) is satisfied), as shown in Fig.

30 3, as compared with the deionized water to be substituted, the
substitute liquid can more rapidly extend and spread over each
surface of the wafer W. In addition, even when fine
irregularities (projections and recesses) such as wiring patterns
are formed in each surface of the wafer W, the substitute liquid

35 can more easily enter a recess 8, as compared with the
deionized water to be substituted.



liquid applied to the wafers Ww || satisfy the above conditions (1) to
(4). [0115] In a case where a mxed liquid previously formed by 5 m xing
the liquids at a predetermned mixing ratio is evaporated by a heating
device and is sent into the drying part 7% there is a possibility that a
conposition of the mxed |iquid before evaporatlon and a conposition of the
steamof the mxed liquid may differ fromeach other, because of difference
in evaporation 10 speeti8]of the respective |iquids (respective

substitlte-l1quid el greplatotonmog ditesdhae,id AL h'é%"‘@vc?énssgﬁftﬁéﬂi ng to

this enbodi nent, sin e required ano respective

suppl i ed from themeparateat lof diied D5 e EgH AP (16 @@r BIfptELtE WHZ‘ ﬂé%tl ng

and m xing unit, 88 t@sit&&cge@@tﬁé‘rﬁett‘?e NE¥&ditickd {2)qusd,satltsﬂ@an)bethe
effectively prevented that nposition o

uid b 0,
evapor at i on> andﬂﬂU@Bﬁﬁdﬁ%ﬁe@nbéfth@nﬁr%‘t’@érﬁ%%h?H %&“3}’%&"51%” dﬁ)ftE ﬁ?ﬁ from
each ot her. Thlé%rbst;ftgtéuhgh'id ugedl itaei ¢rappts edqtiad tt@nwaEeresmertEli

satisfy the aforenentio conlt ons 0 6 aw th the
use of a substifiR'&EMSTq {h%l PEBETST qubd ﬁ—ﬁ%e_aab(?ver) ggéd%‘?ﬁ]%né 0(7c n aé%), as

described in theg first enbodi ment, the process |iquid (deioni zed water) to
be substituted can bf gsw and reliably substituted wth the substitute
liquid for a 25signi ?c |y short period of time. [011 ;

when the stibsti tute Tihesi, dt hiassapsesehddateHss o R Hates! g Ih&””ﬂ%aﬁ‘t a

surface tension, tQﬁrﬁ%rc%c%éﬁsﬂohqiéh@bIh@ebett%lb@*ddelsbedq(lvmewthi& remdi tion
(1) is satlsfled as shown 1 n

a t h.,t.he dejoni zed
water to be subam i eepnieRk Vs‘tﬁ%st?tet ﬁt‘galcreq‘gf&h‘égﬁa }é\wru 1N ex%r?(?:d and
spread over eacéktéhﬁfsagﬁdoipﬁeb@lsvﬁifo@}rg We |gurdgce taforhe e«eefaerenIﬁllr‘teS
irregularities (projections an esse r
forned in each afg@ Gf Cthe ngje " I?ﬁ‘éﬁgl}ﬂ]?ll m’éhg%rpgékg é’l?rfé{;é re
easi |y entes a dfeaess Bafars Wonpar gt wintdret hrehdéi\onﬁzleﬁiwteér Wiéhbéhe
substi t ut ed. 3“54 g%ﬁ# %u: In addition, when the substitute |iquid has

a density t hat 3 that of the process liquid to be substituted
with the substitute I[Dé@lﬂd (when the condition (2) is satisfied ), the 5

influence caused by IHe;BQFt?é{JiEV EQO\HFIIB@ hatakh e pevereRid nf athefsubsfitute
l'iquid and the process Tiquid tﬂ‘ﬁi el 1 m nat ed, wher, ev%%t he, pr Qce

liquid remains drvaies ¥rfagceeedn SRHBE MPTE0TASP TGN e §upposed
that the sypstidmd eHdraukfe @VbﬂgafarémmsaktmntgeM|a)rdnmtﬁptbiacxﬁsten‘he

Gt i 1 then. - and TRt engdri - Gk e Bty bk Fuldes ot s
this case, the fpbm%miorqsn@b:temmmmquvmfvvpoérlhtllsor@/fﬁhv\é‘ﬁfh aswrrf ae v
is held such that a plate surface of the wafer W is oriented
along the vertical direction, the condition (2) is greatly effective,
25  with a view to improving the substitute efficiency.

r0121]

Further, when the substitute liquid and the process liguid
to be substituted with the substitute liquid are soluble in each
other (when the condition (3) is satisfied), since the process

30 liquid {deionized water) to be substituted can be dissolved into
the substitute liquid, separation of the process liquid (deionized
water) to be substituted from the surface of the wafer W can be
considerably promoted. As shown in Fig. 3, a slight amount of
the process liquid remaining in the recess 8 of the irregularities

35 of the wafer W is covered with the substitute liquid, as the
substitute liquid spreads over the wafer W. Then, when the



150f the wafer Wcan be nore reliably substituted with the substitute
l'iquid [0120] In particular, a wiring pattern to be fornmed in a
surface of a wafer Whas recently becone nore conplicated and smaller, 20
and there are a |l ot of recesses extending, jn a direction other than a
normal line direction of a plate surface Of the wafer W froma mcroscopic
poi nt of view. Thus, even when a wafer Wis held such that a plate surface
of the wafer Wsigsetientieguial engetie wentg dhle dimectiudace tstepondi then (2)

is greatly effectjve, i th vi,ew to. i npLavi it f&i.ci ency.
[0121] AUt ,ﬁﬁ‘snweﬁ%r uhged igu[‘ge&y&ﬁ?ed%%ﬁd , @Er’é%:%ﬁg e o
be substitutedwihich tie psaobsss tigued Iregudidsartdesorabtes iAvEach dbsFErefwhen
the condition [ atd sfd ince t F0ge 3 il dijd diei onhzed
water) to be s&ﬁes?i ?U?eé@ggﬁgj)ecedﬁls oﬁve i%@ﬁtﬁgesu rsc%(%églgte (Iﬁ,iﬂéji g
separation 6f tateopdooeesVithqthe N aErEIR el REeFYDEBIRE YA i PR ¢85 r om
the surface of (Lheswafer ¥gan heorans dey abliy erumdiatntistishoprodasski g.
3, a slight anpunt of the ,proces% ll&%é? enmaining in the.rec (?,f t he

€

i o e (canb i G e%a 8
irregularities IBBSf fafBa{RiPgr oV inE 4 PP E RBOSEHER ¢t &7Fi G, as
the substitute fdeigui@ spbesdsteayewitthethvaf snb¥YitTeenligwiten schehad4 the
substitute |liquid extends .along th i aGh 0, e of
t he waf er WandJri°§eF?E@Wdt@r}aﬁﬁe&%f)#e&% ﬁilegrbecesgngﬁl%ﬁ %%ﬁvﬁgg’?bcess
l'i quid remdions, the pbaoe@ds liquid is dissolved into the substitute Iiquid
covering the process ,liquid,.; t%;pg?r LAk thRe nmusmikeofighing
substitute liquid i nf‘g_t .es@rné:)'cegisga 8. h%??ca?cﬂg%’r i ng tgl this S;}r&gﬁi.nent,
the process |iquhithr eatibfieadghenataremenéenod G dE sy et} 5pid HY "Hor e
reliably substit gd WolzHipe peehskint tHe slbatitdie sigquitiaind biee preoses=d i qui d
can be displaced fromthe surface %f the wafer W 19\[/\%12%\] i %?w[e
descri bed aboveVakr Ep1S iShPStiEednE? iar e ST G OT W W ASE i'Wr iRs he
af orement i qred qonditutong stap, the( ) bstefutmomgoft beerehaeilonski psmbétingen t he
substitute liquid and the I oni,z . b ubst | e 0
surface of the Q/\%ftgre AR hgiél%%ggn%‘ssﬁ?t |fm‘n§q§ly(gp%ér{ #tg ?u%st{§ﬁ§?ign of
the rinse |iquichmehsi rom g4 waggpaWew tiimea.he B3t t an be

q el riig Hert wag 6o Ao t VWibat thestsel Dstgurienc
nore reliably c I f.or.a. r k Ofrt EMeR oM I cFubshét Wt ion
can be nore relfis)%gltsé gﬁr‘%ﬁ?e@ﬁgr&é@%?‘?‘j pgrri od o? ti%%er, a‘lg)r oductiiyi ty
can be i nprovedpragi Ghvity cadvBat Byrevedi v E s afivaptageds !t BaitTecl ariy,
when the prasess,dikquipth bR ubgrisubstdrt vhethicseasded o zedbeatibstinstadnid hi s
enbodi ment, generation of waternmarks on %he surface of .the \{%;%Esp ﬁ\/\(lz\ﬁp be
effectively prevertedanizRtusWalge €5 t'e FHSt TRECHAEYubdE 8 th the
substitute |iquivdteanabies n etheelsiuatdoe ofnphetwdféorwacahobe efecipeeiyod of
time, not only the productiyvity can be i rmnar <t A i £y can
be stably provi B'é%’epr)&tedf heﬁ%léﬁed{)?&é}, ?}éé'?%rcg\ég‘%ﬁ%ecgéﬁgg%&eﬁ%gﬁl\’c@ﬁam&i ch
i s nore advant agebsttite tiepuid oéncbet stofepIE3jably completed for a short

25 period of time, not only the productivity can be improved but
also a high quality can be stably provided. At the same time, a
throughput can be enhanced, which is more advantageous in
terms of costs.

[0123]

30 The substituting step proceeds as described above, and
based on a control signal from the control device 40, the
flowrate control valves 34b and 35b and the opening/closing
valves 34c and 35c are operated again. Thus, the discharge of
the steam of the substitute liquid from the substitute-agent

35 supply parts 75 is stopped, whereby the substituting step using
the substitute liquid is finished.



30The substituting step proceeds as descri bed above, and based on a control
signal fromthe control device 40, the flowate control valves 34b and 35b
and the opening/closing val ves 34c and 35c are operated again. Thus, the

di scharge of the steam of the substitute‘hgquid fromthe substitute-agent
35supply parts 75 is stopped, whereby the substituting step using the
substitute liquid is finished. 45 [0124] In the above-descri bed
substituting step, thete4dhas been described the example in which, after the

waf ers W have been | I t AV k h i 70
has been 5 bl ocked ?ﬁé{ﬁ%t h@@%ﬁ@?@fﬂﬁ%%@%%“é@ﬁfﬁﬁeéfhﬁ??’?r’ h%%dggégl, t he
t

steam of the substdrihace the eramipde dnseiatiyealaro ¢ e Qipst fare-
supply parts 75 Hewewves tHok - idg badk terptognd heysigamarel7d hmssubsti tute

liquid may be started to be discharged frao e bst 1t ute-agent.s |y
parts 75, at5 anblotbeddipietng i”ﬁi’ﬁﬁ*’%ﬁ&np?ﬁgéégb\(/y#?i?ﬁ% er gy ye&ém'gﬁg,
;:Iuribngdjt hehri nsgaﬁé%@ta%fh tﬂf@bs%@tﬁtz@;ftet hbcéambstiftMiechhcgﬁaﬂ rfagyrrEgtharted
o be di scharge romthe substitute-agent s parts. 7a.. S..case,
an at mosphere i $HRHEUEFAHY gl‘r‘Pp'f’bpﬁg% gém*ﬁ%’éég@ é%‘r@i%@ t%]ﬁg“’tsot’eam of
the substitute tHauitdarmhef the waftetiduvg 15qaié dnawn bep ftastad heo be
processi ng tank,,! ; i (o eseridhed
Firstly, based %I%%Q&E%#?% iﬂnsitghneal r%“?%%’%%%ﬂ%psﬂ vipgitsgo, tr?e "
openi ng/ cl ds) ngeadieretigBog i fthewsbeee dbmePel }F&va@xéﬁlﬂieatﬁ’ﬂ‘ft%m@ati ng
and 20 m xing YAkt B8t & erioperabad. ofSthd RalbsAithté regea aasy de atitgh
tenperature is supplied into the dl’ﬁ/l nﬁ pE,rt 70. As[ua reg}ult tZg |gﬁ| de of
the drying partto7Qei dispBpraad heematne SHPGA Y ERmdetur e Pimaatiiué 1t h
evapor ag i on of ETQ c%}é@?taintz gtraolsb@au{ré Eﬁ{t@mt eagingspatiage lés t!jaaen/\afre_ad\/\(/j is
pronoted. In papticular, cecor o.thi ]
above, the subs{qrfntﬁ‘ije i IR aéf%mn‘&i g'%/&l”&??‘ﬁ@%ﬁ%ﬁ%mernoggggﬁ%&%i to be
substi t ut edi v t brd Heawnbst iftanetie guode{sibovi@rndohdi tion (4)). Thus, the
substitute liquid in[totﬁS]r‘]i ne recess 8 in the surface of the wafer Wcan be
t'pe

evaporated for a shor iod of tinme. Thus, 30 the substitute ljquid is
renoved from the surfNexd, dihea b vieg ety isglaskaidathe GElY, WasEdPNed.

[ 0126] ! | FrofN@hSetd B§oPTddifiee €86 he ol imgf@6sing ar e
finished. The |?%ﬁ%ﬁbﬂgﬂ%fmﬁj e otomo ' o] Mg cd sind/

: _ _ Is elevated, and un% r. thi state, the
ol di ng. uni - B5VABICITAG: thE PPUEEES G KPS Fotel S04 6 NFREIT hd
processed wafer gni\Wraf @irinl3mded bperatdde so that a nitrogen gas of a high
temperature is supplied into the drying part 70. As a result,
the inside of the drying part 70 is maintained at a high
temperature, and thus the evaporation of the substitute liquid
from each surface of the wafer W is promoted. In particular,
25 according to this embodiment, as described above, the
substitute liquid is more volatile than the process liquid to be
substituted with the substitute liquid (above condition (4)).
Thus, the substitute liquid in the fine recess 8 in the surface of
the wafer W can be evaporated for a short period of time. Thus,
30 the substitute liquid is removed from the surface of the wafer W,
so that the wafer W is dried.
10126]
In this manner, the series of processes to the wafers W
are finished. The lid member 73 is elevated, and under this
35 state, the holding unit 85 holding the processed wafers W is
elevated. Then, the processed wafers W are unloaded from the



46 holding unit 85. Thereafter, other wafers to be subsequently processed
are placed on the holding unit 85, and these wafers Ware simlarly

subj ected to the processes. [0127] 5According to the above second

enbodi nent, the sane effects as those of tge first enbodi nent can be

obtai ned. Nanely, since the substitute Iia id has a surface tension that is
smal l er than a surface tension of the process liquid, the substitute liquid
can nore rapi dltyslext@neniangs spridestconesr, eatdter Whfsus ftacbeotubheauafdy W as
conpared with the process liquid, | dit. n i
irregularities %ﬂ?&%ség Wi Hggé)ead[ toer?ﬁggabéicﬁgpngﬁﬁi ﬁg?ﬁ‘%'ést}? 586 8 Phe
wafer W the sulysaid atreilbiiguiubjeateedsi the @nbeesidfe recess 8 of the
irregularities. Furthgh, §i nce the substitute liquid has a density that is
equal to a 15 density 017 the process liquid, the process |iquid and the
substitute I5iquid cafidseréiag It FredbveEnSeaeRd o HEIOI R e NoutNBefHg e

i nfluenced by td@earavid yehdNaMB)sy theheiptoeassotiiraght ean easiditamye from
the surface of the wafer Winto the s.l‘!bsgtilt,.%tﬁ Liquid,  Si ngc.t he,sybstitute
liquid can easiNgMEtyes e HreUav oY tani EH % RE° &t GHEREY HHIFE B De
substituted renminasicas tehl eassdtfecpr aeesson i qli the epabneésy Onuithe haf er W
can easily enter the substitu liguid,.t. s. Llquid . repslpi on
each waf er Wca%u%%‘truiﬁi lb‘wldahgnn@%ger% é'gﬁf %@%ﬁgt?%%%ﬁﬁdt Egtbﬂee%%h
substi t ut e 110 qusukfase dfttie whéepihcessomparet! ¢dth BBesepHiessdiividomifthe 25

surface of the W : ; , @8 wheh 36y ipr: tédr@uid is
a water, a peri%\%élwloend Fkgaﬁbeern ifisnepr‘g%gzltia@g’%?he waf er Vi\ﬁlsﬁ%??her‘ wor ds,
supbstitute liquid

a period when taee fareedii® e corifaee ki te vafeRafer

30r educed. Accor gi ngkysigenerat tRa ebcued g N kdecarrelgelsetmskabFyrther,
restrained. [0129] In additi

liquid to the afd&esiPFoaH 'Fﬁgﬂier%%sﬁ%glr@%r}\/ g@ggét\ga&q%;é%ggqggﬁﬁé' tsa'ltjfa:m
on each surfmcedehsithe afaftae Wrodesssubmitidi utkel ipqotdss s ligppd | @ddt dhiehe
Ui d can be. ranas iRy LR RIE S Rt el WA RorTRERPSLIIIG | (o
this enbodi nent betrhe isfidencediby theuravand themsvcEse Nrr§asd liadd S@Mubl e
in each ot her W@%ﬁ\?%ove from the surface of the wafer W into the substitute
liquid. Since the substitute liquid can easily enter an area in
20 which the process liquid to be substituted remains as well as the
process liquid remaining on the wafer W can easily enter the
substitute liquid, the process liquid remaining on each wafer W
can be rapidly and more reliably substituted with the substitute
liquid, so that the process liquid can be separated from the
25 surface of the wafer W.
[0128]
Thus, even when the process liquid is a water, a period
when the water is present on the wafer W, in other words, a
period when the water is in contact with the wafer W, can be
30 reduced. Accordingly, generation of watermarks can be
remarkably restrained.
[0129]
In addition, by supplying the steam of the substitute
liquid to the area surrounding the wafers W so as to condense
35  the steam on each surface of the wafer W, the substitute liguid
is applied to the surface of the wafer W. Thus, the amount of



5 the substitute liquid and the process liquid can be m xed with each
other. Thus, the process liquid renmaining on the wafer W e.g., a slight
anount of the process liquid remaining in the recess 8 of the
irregularities of the wafer, can be mxed ,with the substitute liquid that
gradual |y extends and spreads over the 10 'surface of the wafer W That is
to say, the entering of the process liquid remaining on the wafer Winto

t he substitute Llssi;emifdheas;ultm:in‘umtlharidpcra)lrsrdleedem'ﬁhklsbl&adeor@&imﬁ-to this
enbodi ment, the procgfﬁ‘l quid remai ning on the wafer Wcan be nore rapidly
and nore rellably substi't ted with the 15substitute liquid, so that the
process |iquid can bénraadiiE,faerardhes sier faicee oo adie sl dihensu petigage

Furt her, accor dj @Qsdt %ntdhtﬁe eﬁ?‘eeélémiau;d%F@%om@tesub%td&ubehércwh@lrelb%/ or &
volatile than th pr ocess 20 substitute |i Icr]]u%e r emai.ni
C

the wafer WXxantife Sﬁ@;ﬁtdpyﬁeé@b@r%i‘@dth@mpéﬁst%h%u\ﬂaf:é’ gH*BE Wi d for
a short period @icthidmer[ 088k, the process [quider@ﬁtammgenhOWWerrawatl ng

to the batch type 25process can be variously modified 0133]. . For
exanple, in theg SEoh FTRAYBY ?réntt”e CEpaaliidi t%@%%g i (U9 i quid

i s discharged f:ra’masmhe csfdbezt lrmeglemgtem ofupe waber, tcarvbe mowedenithnidte

limted thereto t i dayl t he

substitute Ilqu%%b%&eb ?%c ggﬁd‘uaﬁ %éténu stltufggﬂ%%gﬁt Ogsrqih’f parts
75 toward tHe weldaseWf [t(mraszat\]afer W, Thartnlsaddl 88n thEn8NSEFINGt G etf@r t he
respective SUppbb’oﬁsfst iR &”P&%b%h&%rﬁ%eﬁmaﬁé?ewlumt% tﬁ@dshbgtiﬂﬁﬁes ln

t he above second enbodi nent can be Suit abl m)d|1t| ed. For I‘ijx I"
the above seconddgifthoBffreRe MRE ®fei B ZEH Water R tREEY éWczSP It iﬁu

are di scharged éfrﬂfﬂd|h$er¢t0nﬂ1‘w1 ppb@@%ﬂrquur@h@ummlgyolnathe afeHoweneer , not
l[imted thereto, the deioniz

and the ,chem cal
di schar ged fron?@edgroéFe ra@'%ﬁ’oc%@ ITEFa s sﬁﬁ\@gﬁ?‘;} psélrt{%‘t%le%ga:}%ﬁpl oN'€ t he
st eam of t hes subsbstittte liggid, doatteatt tee mirbcegeniqyad carebdi mrhavgedrémom t he

comon substitu S 75, which is by way of exanple. Not
limted, ther etgsFe t%%'z% < gfr)nﬂlc') eetrg\/dlbstl tute liquid and the nitrogen gas

may be di scharged froffils&harat e
Further, according fto this embodiment, since the

substitute liquid is more volatile than the process liquid, the

20 substitute liquid remaining on the wafer W can be rapidly
evaporated, whereby the wafer W can be dried for a short
period of time.

[0132]

The second embodiment relating to the batch type

25 process can be variously modified.

[0133]

For example, in the above second embodiment, the
steam of the substitute liquid is discharged from the
substitute-agent supply parts 75. However, not limited thereto,

30 a substitute agent that is not evaporated, i.e., the substitute
liquid, may be discharged from the substitute-agent supply
parts 75 toward the wafers W.

[0134]

In addition, the structure of the respective supply parts

35 (nozzles) 69 and 75, the ducts, and the pipes in the above
second embodiment can be suitably modified. For example, in



10substitute-agent supply parts. [0135] In the above enbodi nent,
there has been described the exanple in which predeterm ned anounts of
plural kinds of substitute-liquid elenments are sent into the heating and
mxing 15 unit 38 serving both as a m xer,and a heater, and the plural
kinds of substitute-liquid elements are mXed and heated so as to generate
the steamof the substitute liquid. However, not limted thereto, it is not
al way's necessamyethabveheesbodagGWMWmweeahetbﬁs@@gywzﬁdrWéé@ﬁ andt hee

substitute- | q#hgnl?lc%m?unt{uﬁd Ave %Qsir?’%ﬁgdt Pcin! H%“é%r%ﬂo’?@@r@&’eé@ﬁﬂq@@dt he

plural kinds o ubstitute-1iquid erated in advan e and
t he substi tut eskipgly doaey bE. st*dfléf@verﬁr é‘qtl Hm‘@e@u%tﬂ"?t%mt e figlere

the case where\,\tar&rs%tweaem.am dalisd pﬁgylt@@sjlycm@%ﬁatr@dnbsemmmg
plural kinds of substitute-Ii | el ement er‘?e nd stored,, there_i

possi bi | i t ySt h&t oEfes JUBedi SyPelY i §ar'e el Fr‘ﬁ’y ‘b h%eﬁ%ﬁ'aiped)faﬁa?or t he
conposi tion of sh*ﬂ;%tﬁubétlluﬁwweahdqm@ Areyodeen cfrangee, dibelcangsd dfoudi ther ence
in properties (e. VO iity). of he pI ki nds suQs It lJequi d
el ement s. Thus(covr\ﬁ'gw 5 %ﬂ)ogéfﬁ HE tdeg‘f i qﬁ g [g%r‘lcér afédmlc 'usi ?10 %3%/ plfur al

ki nds of subst igxaraplé.quidoe! lemirds dfieceiosi the aplepndi eﬁ*@tSLﬁ?S&ﬂé‘ﬁ{fl es,

it is preferabl, ?]d}gag BWhé“Fﬁhﬁgﬁe ad qﬂbg b% 8%’?2%%%@5' YN 3 ikt Be

substitute- Ilqu el 8hen other a mxer (mxing unit, mxing
devi ce), i hfredisatbsltitubefdgent ﬁ@D@h’o@ﬁl‘ttSut e I | quid is supplied. 35] 0136]
Further, in the abovepeniaqdi ment, the substrate 49 processing apparatus 50

i ncl udes, for exanple, theé heatl n and m x uni serv
heater and a mxe;rp Hovide@PoYst efmhRg! é‘&e”%eg%?rﬁ F’?ﬁ %%51%5%{@) (f(gﬁgsm ng
ggpagat USd5g5W&sé<drﬁ slaide heatdm g rdeeteas itk pasedl ras Iolﬁepharspekmdse oducths

a an a a.m Xin i t t he
respective ductséj%gguéﬁcf'%%% Qﬂecfnfzﬁg% éjgs%&ﬁtlg&agg%tﬁ:{%bﬁ rﬁ@aé@
Narel y, thessuhsiitt B8esageny bbeEmer s imixer agdi @ beater, b’é?er &dpedt i vel y
heated so as tﬂ?'ﬁ?ga&atﬁl%{t@ﬁf@rﬁ@ﬁﬁ%sé!% n&yf ah@emﬁlééf ahdkhBdee@fso as

substi tut e-age er ea ter the thus . enerat ed steams of
the plural kinde gereubseitha stagenof el eeresiistiiaye bad Witk edAMEY Sa W lot her

by a m xer (m ﬁ!rﬁ&éﬁ‘kﬁeréﬁoﬂxf‘% ‘F'\%\f'aﬂﬁ\bay%onééeééhrgeﬂﬁtaﬁlﬁ atsieanuafist he

substitute |iqui ternativel ESSI n arat us,50 may
i ncl ude a mi xi Ay eurfiEPe5efnt Q‘éré/acrﬁ x?f ”3%‘:‘)% @ RAnEtt! Qd%é%#‘?% Sduct's 34a
and 35a andggt hes sdistutkut ﬁqagﬁntfosm@pl ybg}ucmtaﬂqg antea pieal ngideyi o

di d th stit 3

the mxi g unt ot 5-hgu BERSerRE' 1hdlihe s Rhetelnll qip i ahBoem
plural kinds oftheubsthdtitireadjenid 201ayel keresitosedn im ki Gavt s?euanréy Ardt.
thereafter the ﬁH&%R)gz‘r“tlﬁ M@‘Ea@e%é?% Pﬁét%eﬁﬁt&é ﬁ&u&ﬁn@;ﬂte@u@u@yeam of

the substitute 1T qui I cations 9
preferably | ocegemerited Busimixdng dtleupi édngy QméUHéHwtﬁ‘g aHbﬂ rﬁ*ﬁmfa‘témt 38

in Fig. 4. 2%5[0&&81 stored, t'h'éréh% a@%%s%ﬂﬂqwﬂ amétocuh@rﬁumlmmeugd;mﬁhe
wafers Ware rinsed é; tor exanpl e, i nmersi f{ﬁ waf er s |ntoftt'{%
1,tN¢ fot

dei oni zed wat erel§fogB |W5Wneb%r6%%§"§]tﬁ6’ t h&CaNRBUE IO &
limted theret Osu$§t;djt%C|lQ§lﬂd lmay’iOb%PZﬂ%g&V?%%autsheodryilﬁﬁgremcret 160 may

Lo a rinei g ot Pty s chat it b Shite #10k BN FE R it T EY, T

the drying parteMneheé_SS]thE:thdneranmmbstitunta hquecbm/eegeca)tr&ﬂ @l’srb@%!ﬂ’lr@ent

there is 30 plural kinds of substitute-liquid elements of considerably
different properties, it is preferable that the substitute liquid is
generated by mixing the substitute-liquid elements with each
other by a mixer (mixing unit, mixing device), immediately
before the substitute liquid is supplied.

35 0136}
Further, in the above embodiment, the substrate



the rinsing step by neans of a deionized water, which is taken 50 by way
of exanple, and the enbodinent is not limted thereto. As disclosed in
JP2005-5469A, the rinsing step by a deionized water nay be omtted, and the
chemcal liquid as a process liquid may bg substituted with the substitute
liquid. Also in this 5 nodification, by Selecting the substitute agent in
a liquid state which satisfies the aforerrentloned conditions (1) to (4)
defining the r@lrat@msblaﬁpb&ﬁt\neeﬂ(}tthe it faruerahipg dhandeatisgchemi cal

liquid (process_liquid d f e ng h

above- descr i beﬂnwég%e%ﬁ'tﬁ g% %1 gﬁg#%‘angb@g%ﬁeﬁgéﬁd%ﬁﬁ,}@rloo %’%\rlérd

[ 0139] et nmam/ehete:t@r, ethwaeebb@'@he dérgmﬂSt&efag taffévatf@é%r%cﬂ‘i‘ﬁ’ént s as
the appl i cati o, axaRPles Rl 1 SUDSIEBbECRT RCERE NE=ARRANAL URIADTSE e

substrate proceSS| n according to the l%éesent |nvent| on

However, asS5desdd Béd.iand @e“?‘?ﬂﬁg é\flmﬁ)éf‘”t’XSFr PHE e SeMi gl 6ANBRCYHE O
enbodi nents, t *&ﬁeapakﬂaéﬁwéndgtté he4 substr &% psodeshenguappanai-ageand t he

substrate processi ng net hog ordi n o _the present tion_ is.no
limted to the Sé‘lpé’é\‘u?ﬂdcranﬂ‘thi ‘ggEB? E“E%Hf %nagg?‘ o ﬁmﬁf‘er’ﬂ é
exanpl e, wth tihgidsetate anaybsti trasgeeatgeah/ Heevd teg! asqoraﬂntnersﬁp@r@iféwy

except a vol ati I I tygfa t%réggﬁ)gcelslqu % ﬁ’ﬂ“%”' rlgrﬁ%lsnsopn ﬁ@ﬁ@ﬁéé@@%nt

processed by s |iqui be substituted wth
subst i t ut e 10i quildmentd, t andsabsteafter ke b@tti)rﬁfﬁfh@l@i@ﬁy s§@dNectéd tb% a

process (e.0. . A9A1 9GRS G BeholRBR. Sl BRBERRESElaDaRednr i

promi nent prop e substitute agent.

substrate proce@ﬁhn@tﬁﬁf he¥ @ofiresi (g dpepy N - ”HFHE%S@L\HQNE %‘hbasst f8te by

a process Ilqwgdane‘}%lﬂ@pbyswm sabgid tautmsstitugei Hqond.o tAeesidistalat ehand
substituting tHhe pr oces

substitute |iquitPStEHE procgss*@lg;leaﬁg’atmﬂgg%ﬁtW%YSUIRQH ereat ‘rﬁ%w\l\%@gﬁnﬁ
been subst ijtsut @anrhrﬁ:hﬂw@Ld}S&nté}xtcenlmeqbe«ﬂ to the ductswhva gind Bha and
oot 1 O I 00 Bk s o
disposed on the substltute agent supply duct 32 at a position
downstream the mixing unit. Namely, a substitute liquid may
be generated by mixing plural kinds of substitute-agent
20 elements in a liquid state, and thereafter the substitute liquid
may be heated so as to generate a steam of the substitute
liguid. In these modifications, the mixing unit is preferably
located at a position occupied by the heating and mixing unit 38
in Fig. 4.
25 [0137]

In the above second embodiment, although the wafers W
are rinsed by, for example, immersing the wafers W into the
deionized water stored in the processing tank 61, the
embodiment is not limited thereto. As disclosed in

30 JP2003-297794A, the drying part 60 may include a
process-liquid supply part, such that wafers W can be subjected
to a rinsing step by discharging a deionized water toward the
wafers W in the drying part 60.

[0138]

35 Furthermore, in the above second embodiment, there is
the rinsing step by means of a deionized water, which is taken



liquid, and a density that is equal to a density of the process liquid. 2.
The substrate processing nethod according to claim1, wherein the
substitute liquid used in the substitution of the process liquid and the
15process liquid are soluble in each othef, 3. The substrate processing
met hod according to claim 1, wherein the Substitute liquid used in the
substitution of the process liquid is nore volatile than the process
liquid. 20 4. Biherassub$§tenatreppe,0sed sl enetddidnaot dk didiglitotethyh 8 Cof
clainms 1-3, wh r.ac i=Q inS [ f f ieEg

255. The substr edﬁﬁggggg 9;§§§9P5 ggggéV ?ﬁ%r?gbgpa?%gﬁqnaﬁ @eWﬁ§

t he substltute\ma@ﬂldHMSeﬁelﬁﬁvﬁ@dsubéﬂlf@?l6%eﬁwc%hé“b¥%c%%saIW?ﬂﬁeésls a

m xed |iquid Ml@rrﬁ%%@e sk dut 88 ol whl @ e sausdr@ndliguwat eAtssolrutiie
l'iquid, and ecif] of th

ravi t r-1
liquid is I argepodifiationaRy %&%8@9\‘ it egﬁ‘h‘?ﬁ E*%Sf APhRB \Aﬁt%q’os%au%ﬁaggl i qui d
is smaller thanyfich satls@es The @ﬂd}bahﬂa’ﬁteorpe@cr&ﬁsiit!@me(mbd) ééb@iﬁﬂlmggt o any

f cl -
SUbsti t ut on o TEHE RHPEET 1S fekieed raaty ot A bE bR RELATNER | oo
a wat er - sol ubl diduiduimgrocess liquidiheo suhstseat, ethe (ﬁfé%(“sﬁsngorrféﬁﬁ@ﬁda’cﬂ:tﬁpdl ng
toclaims5 or 5:610 8{%9% e%%r@e%%%ehﬂ@%'é’tﬁl\@stldrﬁﬁ'cgn' peliHdepentichggst one

of perfluoroca uor ocarb and hydr of | uor oet her,
hydr o- chl ofiéf | lﬂht@mﬂ!dbon 8. The substrate processing net hod accor di ng to

any one of claims 5-7niwhgrein 15the water- sol ubI e I qui d i ncl udes at | east
one of aliphatic al cohol s, ketones, esters, lyc S trate
processi ng net hod ac&?rrémﬁb@‘()eran&h% \6EF a| 8‘5) ét?@eq The st

embodiments as the application examples of the substrate
processing apparatus and the substrate processing method

15 according to the present invention. However, as described in
the initial part of the description of the embodiments, the
application of the substrate processing apparatus and the
substrate processing method according to the present invention
is not limited to the cleaning and the drying of a semiconductor

20 wafer. For example, with the use of a substitute agent having a
prominent property except a volatility, a process tiquid, which
remains on a substrate processed by means of the process
liguid, may be substituted with the substitute liguid, and the
substrate may be continuously subjected to a process (e.g.,

25 process other than a drying process) based on the prominent
property of the substitute agent.



20in the substitution of the process liquid, a steamof the substitute
liquid is supplied to an area surroundi ng the substrate, and the steam
condenses on the substrate so that the substitute liquid is suppké onto
t he substrate. 10. The substrate processing nethod according to claim
9, wherein 25the substitute liquid used4in the substitution of the process
liquid is a mxed |iquid conposed of two or nore kinds of |iquids, and
MCSLLP 53 the steam of the substitute liquid to be supplied to the
area surrounding the substrate is gemgraiisd by supplying preset anounts of
the respective two or nore kinds of liquids to a heating device and heating
them by the heating device. 5 11. A substrate processing apparatus
conprising: a holding unit configured to hold a substrate; a
process- | i ui d Asppsiyatparocessing mateod compuisploysteppodcess 1iquid for
processing the substrate; 10a substitute-agent supply part configured to
supply a subst|mf9§@SSlﬂ@|Q|%1U$§@¢Q1QYé eeesciadidnsi on that is smaller than a

surface tension of the process |igui, and a den3|t al
density of t he PHRAEEEE ‘Fl%}msé!tu’fﬁn'(bqu'g onto Q"eco'i’w‘tbrsgla %céugﬁtﬁﬁr rté@ to

Sopply. of E%@X%Ew?fa%éf’n‘?ﬁiép heplbredie i M s e duit b,y Paar
such that the s ?/{SP{QI h]eee%Lbesgr% ’t hﬁenslﬁ%’l %ong dB ?d&%h{“%‘? \Rllf}{"tt Qas

been processed e process i qui rocess |qU|d
remai ni ng g @trate is substituted with the substltute liquid. 12.
The substra e proc SSsing apparatus according to claim 11, further

20conpri si ng: wherein 8 &&éwﬁhu@mcﬁd dy&d $n RNELRESb 8f hespeebéy Rhvidsuppl Y
plural kinds of liquids to be m xed wth each other so as to constitute the

substi folt enhd @UEGfa@Ntension thaRidTeiidlier Wiai o @0Facs adnsiont detHeeprRriE Ve
ducts and the substitute-agent supply part;

liquid, and a density that is equal fo a density of the process liquid.

2. The substrate processing method according to claim 1, wherein
the substitute liguid used in the substitution of the process liquid and the

15 process liquid are soluble in each other.

3. The substrate processing method according to claim 1, wherein
the substitute liquid used in the substitution of the process liquid is more

volatile than the process liquid.

20
4. The substrate processing method according to any one of claims 1-3,
wherein
the process liquid is a liquid formed of a water.
25 5. The substrate processing method according to claim 4, wherein

the substitute liquid used in the substitution of the process liquid is a

mixed liquid of a process liquid-insoluble liguid and a water-soluble liquid, and



25wherein the control device further controls supply of the liquids from
the ducts, such that preset anpbunts of the respective liquids are
respectively MCSLLP 54 supplied fromthe respective ducts to &£§¥gbxing
unit and m xed with each other by the mxing unit so as to gen t he
substitute liquid. 13. A substrate pr@gessing apparatus conprising: 5a

hol ding unit configured to hold a substrate; a process-liquid supply
part configured to supply a process liquid for processing the substrate;

a substitut e- aggripesHiePravRArdf Beniadstingdollibles igpYisalasgeainal 1supst st ute
liquid having a surface tension that is snmaller than a surface tension of

t he 10pr ocgsswifld gravidy ofihd waldersiuye libaitl is smedjeathdrota density of the
process liquid; and the control device controls supply of the
process liquid fromthe process-liquid supply part and supply of the steam
of the substitute liquid fromthe substitute-agent supply part, such that
the steam®f thEha sbbsiratet pradegaing methathpreeding tamnyr ede Nirddmsdiling t he
substrate that has been processed with the 15use of the process liquid, and
that tHe pvbe®¥s |iquid remaining on the substrate is substituted with the

substitute liquid having condensed on th ubstrate. 4. The .substrate
processi ng appalgties Q’g‘%f‘@ﬁ“ ¢sed 'BItEPrﬁu%§ﬁtI‘J?}PFr?Zrth%€ff?g§?ri @iq]aq_:xelcggqmg
plurality of ducts canfjigured to respectively supply plural kinds of

| i qui ds toogb%wﬁ%{éﬂscaf@fﬁq%'é aB&ﬁe‘?’a‘%é’sgg‘ﬁ%K%‘é'ﬁsti tute the substitute
liquid;, a mxing unit connected to the respective ducts; and a
heati ng devi ce di sposed between the m xing unit and the substitute-agent

supply parj 25%@E@%é’[rétg?rﬁ@éﬁsﬁ@gnﬁﬂécﬁgci&mﬁ&b GSR1 5 S, Supbiy of the

liquids fromthe ducts an eat eati'ng device, such that preset
amountigy of the thg water-insoluble liquid includes at least one of perflucrocarbon,

hydrofluorocarbon, and hydrofluoroether, hydro-chlorofluorocarbon.

8. The substrate processing method according to any one of claims 5-7,
wherein
15 the water-soluble liquid includes at least one of aliphatic alcohols,

ketones, esters, and glycols.

9. The substrate processing method according to any one of claims 1-8,
wherein
20 in the substitution of the process liquid, a steam of the substitute liquid is

supplied to an area surrounding the substrate, and the steam condenses on the

substrate so that the substitute liquid is supplied onto the substrate.

10.  The substrate processing method according fo claim 9, wherein
25 the substitute liquid used in the substitution of the process liquid is a

mixed liquid composed of two or more kinds of liquids, and



respective liquids are respectively supplied fromthe respective ducts to
the MCSLLP 55 mxing unit and m xed with each other by the mxing unit,
and that the m xture of the liquids is thereafter heated by t§§§n$@ting
device so as to generate the steamof the substitute |iquid. he
substrate processing apparatus according to claim13, further conprising: a
plurality of ducts configured to respectively supply plural kinds of
liquids to be m xed with each other so as to constitute the substitute

liquid; and a hgatdtagmanitthel stibsgtueiliqurornes tsegplied tdenhelueds sandubdiag
substitute- 10agent supply part; wherein the control device further

control s stapEupstrbtd isegdregatedhyf supplyihe plesdtaraodnisedithe gedpecdtine theatri ng
and m xing unit, such that preset amounts of the respective liquids are
respect i vehygres ippls efl libpigis tche hesier devisedand shaaginghthame dyi tie dredtingxi ng
unit, and that the liquids are m xed with each other and 15heated by the
heati ng amdewié&i ng unit so as to generate the steam of the substitute
liquid. 16. The substrate processing apparatus according to claim 13,
furthep corrprl Si ng 20a pI urality of ducts configured to respectively

supply plu Kj uids to orated and m xed wi th each ot her
so as to c{)ﬁstié\ﬁf’ SE’W@ 88‘3\%’%@ aPH@fSS E‘f’mf)ﬂ'?@ S iquid; heating devices

duct s and the supeldrarat ERERIEE S RSIEa s AeT fer i n"t he “cont ol devi co-
From the duct s, & EIGReTHa T SBEL BRH BOnAEKEATD BMShIP fE Rikolts 10, 1) °
supplied fﬂrﬁ%égﬁg@ﬁé%&&t?é{@; ducts to the mxing unit while the
10 a substitute-agent supply part configured to supply a substitute liquid
having a surface tension that is smalier than a surface tension of the process
liquid, and a density that is equal to a density of the process liquid; and
a control device configured to control supply of the process liquid by the
process-liquid supply part and supply of the substitute liquid by the substitute-
15 agent supply part, such that the substitute liquid is supplied onto the substrate
that has been processed with the use of the process liquid, and the process

liquid remaining on the substrate is substituted with the substitute liquid.

12. The substrate processing apparatus according to claim 11, further
20 comprising:
a plurality of ducts configured to respectively supply plural kinds of liquids
to be mixed with each other so as fo constitute the substitute liquid; and
a mixing unit connected to the respective ducts and the substitute-agent
supply part;
25 wherein the control device further conirols supply of the liquids from the

ducts, such that preset amounts of the respective liquids are respectively



MCSLLP 56 liquids are heated by the heating devices, and m xed by the

m xing unit so as to generate the steamof the substitute liquid. 17.The
substrate processing apparatus according to any one of clains 11- 6%6,
wherein t he hol ding unit hol ds one substrate such that theSlstbst rat e
is oriented along a horizontal directigp. 18.The substrate processing
appar atus according to any one of clains 11- 1017, wherein t he
hol di ng unit sinultaneously holds a plurality of substrates such that the

subst r at essupie@rficnties redpergva duetsttoabl rdixirertnioand IRixébavitlbath atreer
processi ng apparatus according to any one of clains 11- 1518, wherein the
substi t ut eby thguntkimndnit e gertogessrdtedbe dubsiusoligdiie i n each ot her. 20. The
substrate processing apparatus according to any one of clainms 11- 19,
wherein 20t he substitute liquid is nore volatile than the process |iquid.
21. The substrate processing apparatus according to any one of clainms 11-

20, wher ei 18.t heA isobgiralg RiRFessiRg apPAMUSOPBPFIENE so as to be rotatable, and

25t he control device controls the hol %ang unit such that the substrate is
dried while the? 8akking unk cpafigiued fo Peidse 8HPSHERer the process |iquid has

been substitut eéj pvyoggss}-lri]c?uigus%%tp'h} lgjataﬁ l;(lar?flijduorléd to supply a process liquid for

processing the substrate;
a substitute-agent supply part configured to supply a steam of substitute
liquid having a surface tension that is smaller than a surface tension of the
10  process liquid, and a density that is equal to a density of the process liquid; and
the control device controls supply of the process liquid from the process-
liquid supply part and supply of the steam of the substitute liquid from the
substitute-agent supply part, such that the steam of the substitute liquid is
supplied to an area surrounding the substrate that has been processed with the
15 use of the process liquid, and that the process liquid remaining on the substrate

is substituted with the substitute liquid having condensed on the substrate.

14. The substrate processing apparatus according to claim 13 further
comprising:
20 a plurality of ducts configured to respectively supply plural kinds of liquids
to be mixed with each other so as to constitute the substitute liquid;
a mixing unit connected to the respective ducts; and
a heating device disposed between the mixing unit and the substitute-
agent supply part;
25 wherein the control device further controls supply of the liguids from the
ducts and heating by the heating device, such that preset amounts of the

respective liquids are respectively supplied from the respective ducts to the



MCSLLP 57 22. The substrate processing apparatus according to any one of
clains 11- 21, wherein the process liquidis a liquid fornmed of a water. 5
23. A program executable by a control device configured to control a
substrate processing apparatus, the program maki ng the substrat®StBcessing
apparatus, upon execution by the contrgk device, performa substrate
processi ng nmet hod conprising steps of: 10processing a substrate by a

process !quid; supplying a substitute liquid onto the substrate and
subst i t ut i pgiddenipbAE esised VAN shdredtrieR b ghe miking i Shtahset Wetrixtdre of
substitute liquid; and drying the substrate, after the water has

been substtheuiridavig héreafteubsebtddube thequéatingl Sehiesesm ashto gabstatd dbe
liquid used in the substitution of the process liquid has a surface tension
t hat is snetbbmrofithasubstiutd dpadt ensi on of the process liquid, and a density
that is equal to a density of the process liquid. 24. A storage nmedium
storing a program executable by a control device 20 configured to control a
substrate Processi ng apparatus, the program nmaking the substrate, processing
appar at’us, 1&ponl & exUpstigie W%ﬁ@'%%n@ﬁ’%rag&i%q‘g@gf B rflaims ubst F‘Eﬁh@r
processing net hod conprising steps of: processing a substrate by a process
| iquid; COMPMSING:  gsypplying a substitute liquid onto the substrate and

SubSty Ut g, € PR A TR B! 5o BT ol bl
substitut etg 8’(‘-‘) ﬁﬁr&etdt\@itﬁ légﬁﬁ iottﬁjér%ol égw génsti%fé"thg soBstitute tiquid; and
a heating and mixing unit connecied to the ducts and the substitute-
10 agent supply part;
wherein the control device further controls supply of the liquids from the
ducts and heating by the heating and mixing unit, such that preset amounts of
the respective liquids are respectively supplied from the respective ducts fo the
heating and mixing unit, and that the liquids are mixed with each other and
15 heated by the heating and mixing unit so as to generate the steam of the

substitute liquid.

16. The substrate processing apparatus according to claim 13, further
comprising:

20 a plurality of ducts configured to respectively supply plural kinds of liquids
to be evaporated and mixed with each other so as to constitute the steam of the
substitute liquid,

heating devices configured o heat the respective ducts; and
a mixing unit connected to the ducts and the substitute-agent supply part;

25 wherein the control device further controls heating by the heating devices

and supply of the liquids from the ducts, such that preset amounts of the liquids

are respectively supplied from the respective ducts to the mixing unit while the



wherein the substitute liquid used in the substitution of the process
liquid has a surface tension that is smaller than a surface tension of the
process liquid, and a density that is equal to a density of the ocess
liquid. 5 25. A substitute agent to be supplied to an object‘\ﬁ%S processed
so as to be substituted for a liquid regaining on a surface of the object
to be processed, wherein the substitute agent in a liquid state has
a surface tension that is snmaller than a surface tension of the liquid to

be substi tgHiegs arnfedtad HuUbethdating dgeds, and anixedWydthstraixhdasit 8o densi ty
that is equal to a density of the liquid to be 10substituted. 26. The
substi t ut egageate thectesinng the sabsiitmte?2iguisvher ei n t he substitute agent and
the liquid to be substituted are soluble in each other. 15 27. The
substitute agent according to claim25 or 26, wherein the substitute agent
is nore volatile than the liquid to be substituted. 28. The substitute
agent accot @i nglh® sHhgiraigeproressing pprartgy acgretiag fo Zoyhenppbedss|ilquid to
be substituted is . a liquid formed of a water. 29. The substitute agent
accor di‘ng 1% WhePHR 28, wherein the substitute agent is a mixed

a water - le Li

[ i id of ter-i ol uble Ij id | i d 1d 2
spoai fi o v B grclome Wt Bplfats ShPefatEti it 1Be SubsiHlen s, SREHETS

ifi it f t t er - sol ubl | i id i || th 1. MCSLLP 59
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the substitute agent is a mxed liquid of a water-insoluble liquid and a
wat er -sol ubl e |i quid.

18.  The substrate processing apparatus according fo any one of claims 11-
10 17, wherein
the holding unit simuitaneously holds a plurality of substrates such that

the substrates are oriented along a vertical direction.

19.  The substrate processing apparatus according to any one of claims 11-

15 18, wherein

the substitute liquid and the process liquid are soluble in each other.

20.  The substrate processing apparatus according to any one of claims 11-
19, wherein

20 the substitute liquid is more volatile than the process liquid.

21.  The substrate processing apparatus according fo any one of claims 11-
20, wherein
the holding unit holds the substrate so as to be rotatable, and
25 the control device controls the holding unit such that the substrate is
dried while the substrate is being rotated, after the process liquid has been

substituted with the substitute liquid.



531. The substitute agent according to any one of clainms 29 or 30, wherein
the water-insoluble liquid includes at |east one of perfluorocarbon,

hydr of | uor ocar bon, and hydr of | uor oet her, hydro-chlorofluorqﬁggpgﬁ. 32. The
substitute agent according to any one of clains 29-31, wherern 10t he

wat er - sol ubl e liquid includes at |east sgne of aliphatic alcohols, ketones,
esters, and glycols.

22. The substrate processing apparatus according to any one of claims 11-
21, wherein

the process liquid is a liquid formed of a water.

23. A program executable by a control device configured to control a
substrate processing apparatus, the program making the substrate processing
apparatus, upon execution by the confrol device, perform a substrate
processing method comprising steps of:
10 processing a substrate by a process liquid;
supplying a substitute liquid onio the substrate and substituting the
process liquid remaining on the substrate with the substitute liquid; and
drying the substrate, after the water has been substituted with the
substitute liquid;
15 wherein the substitute liquid used in the substitution of the process liquid
has a surface tension that is smaller than a surface tension of the process

liquid, and a density that is equal to a density of the process liquid.

24. A storage medium storing a program executable by a control device
20 configured to control a substrate processing apparatus, the program making the
substrate processing apparatus, upon exscution by the control device, perform
a substrate processing method comprising steps of:
processing a substrate by a process liquid,;
supplying a substitute liquid onto the substrate and substituting the
25  process liguid remaining on the substrate with the substitute liguid; and
drying the substrate, after the water has been substituted with the

substitute liquid;
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wherein the substitute liquid used in the substitution of the process liquid
has a surface tension that is smaller than a surface tension of the process

liquid, and a density that is equal to a density of the process liquid.

25. A substitute agent to be supplied fo an object to be processed so as fo
be substituted for a liquid remaining on a surface of the object to be processed,
wherein the substitute agent in a liquid state has a surface tension that is
smaller than a surface tension of the liquid to be substituted, and the substitute
agent in a liquid state has a density that is equal to a density of the liquid fo be

substituted.

26.  The substitute agent according to claim 25, wherein
the substitute agent and the liquid to be substituted are soluble in each

other.

27.  The substitute agent according to claim 25 or 26, wherein

the substitute agent is more volatile than the liquid to be substituted.

28.  The substitute agent according to any one of claims 25-27, wherein

the process liquid to be substituted is a liquid formed of a water.

29. The substitute agent according to claim 28, wherein

the substitute agent is a mixed liquid of a water-insoluble liquid and a
water-soluble liquid, and

a specific gravity of the water-insoluble liquid is larger than 1, and a

specific gravity of the water-soluble liquid is smaller than 1.
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30. The substitute agent according to any one of claims 25-27, wherein
the substitute agent is a mixed liquid of a water-insoluble liquid and a

water-soluble liquid.

31.  The substitute agent according to any one of claims 29 or 30, wherein
the water-insoluble liguid inciudes at least one of perfluorocarbon,

hydrofiuorocarbon, and hydrofluoroether, hydro-chiorofluorocarbon.

32. The substitute agent according to any one of claims 29-31, wherein
the water-soluble liquid includes at least one of aliphatic alcohols,

ketones, esters, and glycols.



