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1 SUBSTRATE PROCESSI NG METHOD, SUBSTRATE PROCESSI NG
APPARATUS, PROGRAM  STORAGE MEDI UM AND SUBSTI TUTE
AGENT 5 FIELD OF THE I NVENTI ON [0001] The present
invention relates to a substrate processing nethod

substrate. procudePriAth RROEERINS HETHO8, °,

process tORSTRATE 2RO OFS SONG ARP AR AT G sBROGRA I,

Cdl ) . .
repl oY, and DDk e BB BB RERERP
lrlelqglt gs EgogZ]subls? addition, the present invention
processing a subst: D; F e Ay ﬁ ;agﬂzsw;te

proce33|[rm)(§ippar at us capabl e of, after a process to a
substrate usin roces

el abl y NS BETIEHE RYCTRObISLAIES (o SURBIER Ryossssing
t he,e3HbBS F&F ricelRseng SaJQSIbsItuiaﬁel iU aktidflaf00033 substrate

o SBT3 53p5Re8 ] 8% BRtrate by

C%é.lr@lbeﬁré@essoemmamrapwbsanatchrveocelsabngsnbsnoutmg the
for processing substrat e, \sﬂl ch is ca able of

af@'é?c%tssprlé‘&%% T%“@'@Ulgst?ﬁt 85 WHHEAEE ppfesd substitute

Ilmqlqu rapidly and nore reliably substltutlng t he
process ﬁlqwﬁl remai ni ng on the substrate with a
subst i t uf@O02 qui d. [0004] Furthernore, the present

i nventi ofh rRl@itRsn [ 8ha prdsdnt uheendidrmgeldtasotbea substrate
supplied onto an ob e

suagmsaﬁlaa Pepaaat%?% rff@?&% hqé%f)ﬁﬁgséiﬁof@acg @?Pf?%%'ar to

%eé:tﬁb%ﬁatée Rﬁ@@@.ﬁﬁgdapparﬁaﬂi icagatsle bé after a process to
stitute agent capa

| f
e oL 00. AR, 208 IR oo
[OQQEL‘tl'thh'n'g' thélgdddess! liglid |réh1é||n||hgld>mlthlé substrate with a

substltute liquid.

[0003]

Further, the present invention relates to a program and a
storage medium storing the program that is configured to
perform a substrate processing method for processing a
substrate, which is 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
liguid.

[0004]

Furthermore, the present invention relates to a substitute
agent to be supplied onto an object to be processed, so as to be
substituted for a liquid remaining on a surface of the object to
be processed, in particular, to a substitute agent capable of
being rapidly and more reliably substituted for the liquid.
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~LtTHH FEEr rrerr re e rrMmIErH HL ~11~ *@0002* 2
It is general to process, for exanple, a substrate
such as a semniconductor wafer (hereinafter referred to
sinply as "wafer") and a glass substrate for display,
with the use of plural kinds of |liquids. As one

exanpl e, during a nanufacturi ng 5 process of %
seni condbdﬁcﬂe@%ﬂﬂlc@ paogaser fPs @iﬁﬂ"@i@e@ pybgtrate such as

claeagF ‘Eﬁfc‘i%rU%Q%P' gﬁ@lreﬁfid'f@'ér Okefdrqeiddstd orsignply as

["ur of tines

waﬁgr gt acksH ﬁgh%f%@?oflﬁggta{agtbf\ﬁgfég%ﬁésﬁsg of plural
ﬁ9§ %(%7 ﬁ dbnd eSS, AePIBARPIAY $liARgbYa MRadsufdcturing

em cal quid, arinsing step by usi ng a deioni ze
5 wanr@rceses ofibat FEMrAGALICERT | AeWifiCahat MafgE| b%.syewecteg to a

Igénlﬁ?e%Hfééﬁ gjr%yl Whlidr e Q?r?d@“cﬁthagu@geﬂ@ir aapfugality of

dryrng s gasubstrate On the ot her
hemihesa substrate processing 15 nethod (wafer cleaning
met hod) @ psed i n JP2005- 5469A includes a

processi t b f he '
substit A?ﬂ;b%&répgl ﬁ@ﬁ%&?ngﬁéﬁ@mﬁ Jé{r'a UIG?%ESE"Q method)
10 Su&’i%tc#éégc?dlﬂ"' 5!520@3d9§'7c73}'13}An9n§l%Es, @n?récéééﬂrﬂ_ﬂ step by

substrate. eani n

nemaan.ﬁuoéca d:dwnurﬁab Pogod, mﬁmmay’%ﬁn |tWS|%rﬁn9t 8p %W”'ZEd
nE@%?ePf & 9§b9f\'t6fj?l| Sﬁ{bps' %OWHltﬁd,thEUtdélbﬁlzed water is

strdte is rinse tltutlngthecem
| | subsititiitad t wéth desde(sa@qatgnag@ﬂentp 0809 a |§f\é'1519n step for

pr&ﬁﬁ?@ tao?ab&‘l%‘-‘tbr at@ Uﬁﬁ@gotFHeW ﬁ'an‘ﬂ néissmﬁstréie processing

IS prefera e, in terns of pro uctio

15 efmeﬂrmtby(waﬁrart aeanjond mekard) ngisslosad d Db 205 -5469A
Q}cﬂﬁd% St olifdtc%gstr% ?to Oh{ rrP@th@donattﬁérchbh liquid, a

nd e Subsequently  used
thsubshttuam st&Dtiﬁerhul@;fmt@eAﬁh@mlﬁaé [ i%éHbﬁﬁltHF%d with

?nggoﬂ‘f’ca%?ﬂ?ef’réeﬁ@”%'ﬂﬁe P 'h/hﬁ SeRsd rf@?edF\?lrn@d @fibstrate.

Hot" only roductlon fici
prbltamahbutn Eg:5)) Cﬂﬂénlm@amett)hqﬁr sliselpsedy inceRe00 0%469A a

20 e’ggggéﬁg 4@39&5 rt&ym t%ﬁéSSﬁ #fd enéﬁ?%@ \@8@9% o?rﬁ*ﬁitted but the

em cal uid renmai n%
subsbstratef 6 ran$©dmgb}oe$ml@atlblﬂtlﬂgwéhetﬁ?ee@u%l '&Néd with the

desiccating agent.
[0007]
In such a process to a substrate using piural kinds of
25 liquids, 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 liquid 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 only at a position on
35 which the chemical liquid remains. Namely, in the surface of
one substrate, and/or the surfaces of the plurality of substrates,
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is locally processed by the chenmical liquid only at a
position on 35 which the chemcal liquid remins.
Nanely, in the surface of one substrate, and/or the
surfaces of the plurality of substrates, 3 the degree
of progress of the process becones non-uniform 1In

addi ti on, whe d t
bt RGeS & Brogrepert AR oIPIAGES DesiBEamALy uniform.

0GRURddItibat wihke o i@ bhired deiater Zmllnwa’nserom edot ssubstrate

wi t h oxygen dt bstrate 5 li
b, ot LS5, BRrAd o PR 7Lt bl “HogBs A that the

CopshaMiAlg aeidhizelewreereadtsi witlr bx&glewnaufd ghe substrate
circuit pattern of a sem conducta{ devt it be omas

sdica) 50ras tPrpeneEate WA LaTaTs the ol Hae bstate
possi bl E{Otd[% a process liquid 10 can be nore reliably
substituted for a short period of

si ngl e- vid¥ EPNE|FR ahQfe fs tRRJrece %‘W'?bé”ﬁ?ﬁ@&?f a circuit
PL%%%r@ggEﬁ{ GF s@rﬁnddﬁéﬁﬁﬂﬂdﬂﬁdh@@@@% it Hecbmesi mde say more
_ _inyenfion has ' -
Bt s Sron AR TS g of s
gnrﬁéae‘f?tbgw&?s;f%ﬁéﬁw %%tﬁstﬁwl@d dbe a)rsmﬁftspeglomstdfotjlme i
rocessin ara
hath & pralecwarar 8y P bers s and Aopafdif Byp§ Slocess.
(process liquid), rapidly and nore 20 rellably
substltutlngthellwdr ) trate
with a |iquid t8lel&n itute

['iquid). [(b@@g] In addltlon the object of t he

present 1nvention iIs to pr d
storage heaFufm & osashgtbﬁepgé'%%%dﬂ%%?@mﬁé‘s been made in

COWéngdetHé’ sV Or draumdtEin@ds prveesshjegt mof Nde present
b rocess to.a substrate.usi

[ ThHenproies meife) 3 salairy et Pl Mgfhed and 2

SUgﬁbbﬂﬂt'enﬁréb@sélhguagpafraﬁ@s nlc@@a&ﬂetdﬁﬁ Sftbsta enrecess to a
urd ﬁ g ent | g z ubStlh d
1 gubasTatsn ¢9081)a FLIARAT (PFRESHS e Gy R iy and more

ret@ﬁﬁﬁlyf %u%s%kth%tdg}blﬁh@ Ilégﬁiﬂremalbﬁngumwlhmdsubsmaie with a
strate so as to be substituted for  a |ICHJ$d

rehaiid i@ BR sk:pqwentiyr ussd Hiytte ligp!
particul ap010]

In addition, the object of the present invention is to
provide a program and a storage medium storing the program
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 liguid to be subsequently
used (substitute liquid).

[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
agent capable of being rapidly and more reliably substituted for
the liquid.
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the object of the present invention is to provide a
substitute 35 agent capable of being rapidly and nore
reliably substituted for the liquid. 4 [0012] In the
above JP2003-297794A and JP20Q@5- 5469A, there has been
proposed that a substitute |liquid having a | ower
surface tension (e.g., hydrofluoroether) is used as a
SubStItD@@13]|IQUId “whereby a process |iquid

remai ni re e P I3 5297 20N Yo FULHICUE 2BU6OA, there

Meanwhi e rtnventors o resent invention had
shasi dieem @soapsesn thartl @en@@bgﬁtm HAYid ebavipg a lower

Sgﬁ?fééé“tb%aoﬂ‘h%é'g; WﬁFﬁFbr@étﬂ@:trg ol visklde aguaf aglestitute

t énsi on but ensity of the substltute
Illqumd Whenebyha |mm€15§r diquidi seRUALIHAE 1Rk AcHEbslrate is

é f%@%@ﬁft‘t‘h@d' I g hfRnie ! tl‘i‘é If\fen&dsf @¢ethe present

e substitute |1 quid has a great inpact on
thueveaplocm mcbfstgdbedmnuﬂe@al and infeueBrea®n| lihey pgogress of

”%%lb%‘ﬂp:ﬂttki] tb\ﬂﬂch i h¥ed R NHtESRRF thBVARReR tiehsion but

on 't searc According to the pre
i r&l%@tb\orﬁhea@eﬁiél’bﬁaﬁééhW iqb$%@tﬁsl'gb‘h‘3entﬁb‘?ﬁ the inventors

t?SUﬂ'dq‘ﬂﬁata’Eﬁér9?29&?/805?5%?' ﬁ.ll%‘ﬁﬁﬁf@tl?q@bd L!a% I?/(BeHaas the

process €ess urd remaini ng o
sshyface eterzfannb@fnthea Srtdmstawtye digmsdi h@sed W?ﬁt ampact on

Sgg‘%ﬁé Hl%t\&r'ﬁg §t‘?fut‘"i‘on55}?<ﬂ thle PEMiA Bﬂlt@/f of itAB- substitution.

strate processi ng net hod accor.di ng
t Nammelypr ébempt‘aﬁﬁéﬁt i oy eindien su%stbrae&(‘-léj pP@ceQ’ﬁﬁnd’esearCh

| &%gaqﬂgp oS! ks B"r8§§ﬁ§' m@nﬁahst 1At Ec b FarRHOCRTE  the
i qui pplyln stitute onto the
sustventdonnll tegheiaues iafger raep;sp§@§§sto 1§ quibgtrate by using

aﬁ%ﬁj{% soﬂ hh %H'%S?Fé‘éésé’“lkihﬁdﬁeﬁ\‘@ﬁ{lhtgubﬁ thelWighstrate

ry |n bstrate rocessllq i d
hagarbeee rrmmstrehabé\d substituteds vpishi tauﬁb'bISF'cEHF%l liquid for a

v\k%{(ﬁtgrta@n%béf Fltl"HEe liquid used in the

tution of the process liquid has a surface
tensi on [t(HBt3]1s smaller than a surface tension of the

br ocess he i hetfed SigRidsInhAndbduaecding to the

density the process
supeesentei pveREOHI isga rﬁethﬁiua%@mpgieﬁglm@; f’ﬂﬁéhOd comprlsmg

processing a substrate by a process liquid; supplying a
substitute liquid 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 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
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
each other.

[0015]



present invention, the substitute liquid used in the
substitution of the process liquid and the process
l'iquid nmay be soluble in 35 each other. [0015] 5 In
addition, in the substrate precessi ng nmethod accordi ng
to the present invention, the substitute |iquid used

in the substitution of the process |iquid may be nor
vol atl | éntadahitidre Irpltbee§lsb$tr@l§¢opr®q3§®'i€] n]f{mtoﬁieaccordmg

| 3ot MR SYRISRIe |H(/%‘fﬁ§o°'r'1 NG Heet ?@95@%@% dll&%lﬁous"efde in the

resent I'nvent 1 on, process g ul
f subsditugion ofathe prpn:esrselIgu&mar/ebgrra@e*%v%aw% Kaan the

%q,%r Lsgq cgjﬁ’id the present invention, the substitute
lifquid used in the 10 substitution of the process

5 liquid f8Pled a nixed liquid of a water-insoluble
l'i quid \Mﬁquﬁeﬁpﬁ‘—{lltﬁscmgbéwat&é b?oé:é‘éﬁ?\rg Hhathdd aélétort’tlimg to

wat er - solubl € 'l i qui ose specific gravity is tJ’
t Hive present énveantiosl,ythe rprpﬁgsgdt;gqqdaﬂ@aw%&gghl@d ormed

ma(%fh% @I d'I'Plgéhusegltb%tPélﬁezeﬂFoc'e@éﬁﬁ‘é' fAetHd® according to

stitute 1i 15 substitution of the
prtdsxeespresqntd inggnb@ s nthed Jubalitites Haquid used in the

10 Wagl%SHIng(%)beP ﬂh'qujr%c%‘%@ ﬁq\&%eﬁ‘iaﬁmb@" 8 hﬁl%lddllq'md of a

trate proc ng nmethod according to the
prwate- mmkuhlednqunct MENOBE GRECHE6IQTBIVALY |Iad?ag%§/han 1 and

'nﬁl\HgF PEO\@S‘%& Q]rﬂﬁdof/v fs ‘é‘%‘iﬂ?@adjrgﬁﬂty is smaller than 1.

hydr of ' torocar et her
hyAikternathbYI Mrmfarf’ddﬁﬁtrah@l NQRS?SSA@%Q%%H"%@ caferding to

| Ny @ade r@s?ﬂt IﬂV%?\%I&HbSEﬁéteSl%%ﬁ?@ ngiqtRdhodsed in the

accordi'n resent 1 nvention, the water-soluble
15 Ils;mbsrcntmtyonnofuﬁ@ avrqqg;;ﬁ ligsHd Fpaw PBhat ingixed |lQUId of a

\‘R/%tﬂgl'sln%ﬁ{tﬂ'éesl’l 61} afd 28d \%Eéﬁ's%lubf@lﬂhm@g In the

Furthér stl tution of rocess of
t heubSUIastermt@q&Smgs'ﬂa’ﬂbolﬁ*eﬁ%@r@é@oF@l% piesqat invention,

prﬁgntw E‘éfrenltléG’Iublea fihedd oh |ﬁls'lk2fdé“5te légsk d one  of
an di

Y supp area ' surroundi ng the substrat
anperfrieosoe@lrhmm condbhdéoﬂhofﬂ@ar%@bstrate hygrefiyporoether,

Zothﬁgﬁlvgséﬁlto%ﬂu rGHbgbbﬁ SURPRY | eﬂu%??rféiﬂ@sé’cp alcohol. In

rate the substrate processing net hod
acadddting, tio thresybstiate ipToeAssEr] MRENagbsccendng to the

L gPLdeHESAVERLIRE the water-soluble liquid may include at least
one of aliphatic alcohols, ketones, esters, and glycols. :
[0017]

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 substituté 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
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substitution of the process liquid may be a m xed

liquid conposed of two or nore kinds of |iquids, and

the steamof the substitute liquid to be supplied to

the area surrounding the 35 sypstrate may be generated

by suppl yi ng preset anmounts of the respective two or

nmore kinds of liquids to a heating device and 6
héerta tiigg ttheambyy tthe heatinggdeésicee. [0018] The
substra%goﬂﬁﬁfessing apparatus according to the

present ‘Irnvention i s a substrate processi ng apparatus

5 conpr iTHegsubstreitdi myagessioanfdppa@tuso #efqrding to the
Sﬁﬁ%g%ﬁ&e'iﬁv@ﬁﬂ%@?sﬁg'q%#d §H8§ﬁ%t@argrBQEEEQHjeda?Baratus
supply a proceéss liquid or processing the substrate;

a cowbpriginge- agaoldisupplyitpaonfigoed dor dwpldo assyhisirate; a
subst i tut Egul V| 1 tiensi t [ iqui
Rics Y g g 3 bapL TIOR8y LB SLBRLy irecss liauid
arfdr 1@racdesiig ythehasubstrageal at subdindierggentt gapply part
pr L QY dg ot hige h QUK ion
ConifagubedtoysufBll 3 saBStiBteIRIuGenRoMg BseRrace tensio
pribedsis smalier sbppl § pafacantersippl 9f ct¥\et peocess liquid, and

subsi Ol t.he_s ' +Rage I id-

oat werdlty, it bl S0CacHeRRly BF RS0 ce B yig; and 2
sutsttral edeiceuosnfigured @ wontrel suppdyinaft thetrrocess liquid
liqui g, [ _The. 0CESS| .
220 e P Cnc UG S P, Rt 5RA7 B pFP PR hees substitute
cdiguids by thelsubstituteoagenttsuprlynpagur seich dhat the process
r es i .St | | | i |- i i 20;
G RGP 1. pdiatt, sasiidacen 2hun tne
subsbstitwee liqgidld; and a mixing unit connected to the

respectiéﬁoggfts and the substitute-agent supply
part; whereirn‘the control device further controls

suppl y ofhehesubisjratss progessingiuapparalieh BREPrgiKketo the
‘. . P PE] .

S TG ARl of cuct

unconbigdiredxéd vespeciealy cﬁuml_ybplumzj Kirdagofidiquigls to be

asp‘ggggifméﬁtéaaéﬁ‘%tﬁgps tad &l EGHEAtutd A&Okubstitute liquid;

Al Fy; Tnt substrate processing appar at us
acaoddiangnbdnghe nit exmnectadntd dhe trBspe6hivieoldurdsi ead the

ﬁ%gggg'tﬁ?gﬂé%gﬁgéﬁ@%glf'a"’ffr ViR rodh &hef E8RYEdIBdevice further
controls supply of the liquids from the ducts, such that preset
amounts of the respective liquids are respectively supplied from
the respective ducts to the mixing unit and mixed with each
other by the mixing unit so as to generate the substitute liquid.

[0020]

Alternatively, in the substrate processing apparatus
according to the present invention, the control device may
control discharge of the water from the process-liquid supply
part and discharge of a steam of the substitute liquid from the
substitute-agent supply bart, 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,
and that the water remaining on the substrate is substituted
with the substitute liquid having condensed on the substrate.
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part and di scharge of a steamof the substitute liquid
fromthe substitute-agent supply part, such that the
steam of the substitute liquid is supplied to an area
surroundi ng the substrate thgt has been processed
with the use of the water, 35 and that the water
remai ni ng _on _t he substrate IS substituted wth the
substltﬁag I|qU|d havi ng condensed on the substrate. 7

[0021] Fhe SubsLtake rffr%%%@.ﬁg YPPHRAUS_AseYing 0 the

the present invention her conpri se:
plpgESENt yibYertiens Maynfw @ﬁh%rd Q%“Pébsffbcﬁ \A%'IUJaHEYSpr/ ducts

p'cBh@l%dﬁ‘éHjstOOfreEP%Htl%ht/OEQ?pf‘y %I’Eﬁgl%h@se@?hllawﬂ to be

so as To constitu he su Itute IC]UI

umnixesbimébt eachoothrr sespectq wonghtuse Hir %beéawt@ghqwd
%bh‘fﬁlﬁpsﬁﬁﬂe@oﬁﬁ’e‘&? 8 thene ¥ \Aﬁé‘@eé‘ﬁ\/b a0étd;hénd a heating

stitufe-agent supp gwpart erein the control
d@kﬂ\u@enaydlspmsﬁﬂer Rekwesn subpey dniXiRG |iYditds BPEm the

t@%%@&ﬁﬁeaﬁgeh@a’suﬁﬁlylop@bt -t Dgh&deahi @Bedéﬁhﬁﬁbl %lé?«hce may

that preset anpunts of the respective

u

réypfa&r gengreluseppby afr Bae tIHeudss heri U@g Mttss ang heating
”Eﬁéngwé‘é‘ﬂlhg "(ﬂe\r/"c)éed Ml eRal ‘Hr@@étbhrhhﬁnts of the

m i ng unit he m xture of

i qui ds
tw@ﬁ@sﬁt@/ﬁe ligadsdaksy r@ﬁ@eﬁémlwgsuawlsé ér&rastla% respective
IRNERt 8ot RReSHEAThE! UiE dRdSYRBIdd LRt | drtil. other by the

Al'ternatively, the Substrate processing appara

adBofifign ¢ i, tEH'éd prhatefhe mbsitiren ofaie Uignis 'is®thereafter
C‘H@éﬂe%?byatrﬁ)é lh"é’e%t'lﬁd d’évn‘é'éc§§ é3s°'ﬁf)'@é*rﬁ€|€btte°the steam of the

respectlve y sucg lural kinds of liquids to be
nisuhstiite dheHibt her Aleraativelyonihir (rbstiate ~ processing

C(Lﬁ.fﬁa:tath% 'é@é’él‘ﬂln@”dt@ bgat i pyect MnddHtion| tmac} further

ected to the duCts _and the substitute-agent sup
pHAMPrigesr @i ﬁlurraéltaoﬁf [BICtSe ¢POEIGHIR &@twesrpeféhwlm Supply

SH:HGHI qi.n*d@e liiguids fd O(B‘étHﬁx@@l‘:tvﬁtﬁn@ahﬁatdtﬂ@rbﬁo as to

heati ng mXxing unit, such that preset anounts

fCQﬂfetlerét@péB?l @bstlaut@silcw'@ a@ﬂo@cmaémgsm%mamg unit
ffétmﬁ@ déoe%ectth%LfBagténHo thie sﬁ%%‘tltﬂ@ezégéﬁﬂ éwprxg part;

unit, t ha 1 qui ds are m xe each ot her
andhﬁéatféoﬂtf%/ qartrpbadevigeannan furhemicondsohsurply of the

E’(ztrjﬁfsefff&% tﬁbe@mc‘t?% A8 PeRtind Wy tHedWehting and mixing

nati vel € substrate processi ng apparaftus

adéﬁﬁdlﬁgcho)(hﬁé preseinameudisi & tag respesdve liquids are
res ge%%ﬁ:{/v?\yplsﬁrpﬁliéd’ PO AUt reepkictiveedU@s to the heating
and mlxmg 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
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
heating by the heating devices and supply of the liquids from
the ducts, such that preset amounts of the liquids are
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30 supply plural kinds of liquids to be evaporated and
m xed wwth each other so as to constitute the steam
of the substitute liquid; heating devices configured
to heat the respective ducts; 8and a m xing unit
connected to the ducts and the substitute-agent

suppl art: wherein the control devi.ce further .
ctReRSrtaEh Sitimiae, ke Rik! e S VEe 0k e Jiig, mixing
ijnliﬂ‘lt&/\/hilféu’tﬁé rlﬁqomsdtér@ du{sat%d wftth_td‘latemagelﬂ_evices, and
anpunt s 0 e liquids are respective u [

F Famkach o hieenpdtioatiant Seo amEonienasste MHEGRE of the
t B@blgtigut?ﬁli@mm.heat Bl sktlycﬁ hee shii&ttirage d;erc/c'bcﬁsingtrldpparatus,
m xe e mxing unit so as.to .geperate the steam
O\th?h%er\% tsﬁ?@ﬁ'F ioguﬂb‘? ﬁ@%b%ﬂ%aﬂ%’b tT&Ye b€ dittharged
PFEns shatk dppatatalagdntt Bappepepatted ishgawitdf o karrier gas,
substitute |iquid may b |s_%har ed fromthe
s@b@trl@lﬂaéf'ﬁeﬁﬁsgeﬁé?ﬁﬁgr@' 9% 9#%h a carrier gas,
e.hg., g[g@QQi]er gas formed of nitrogen gg_s. [0022]h In

the substrate processi ng apparatus accordi ng to the

10 pres ﬂt%%vgﬁgﬁgﬁiet %éoﬁgﬁaﬁ'wg PRI %’cﬁct?rgH%g to the
ﬁlﬁ?_ébéﬁtqlrﬁgfhhidr’?,athéhﬁﬂopllﬁ;ilhgtm?;ten?as/ wdlaltn?]ad albm:tga?e such
ori zontal directjon, ternatively, in the s rate ..
pFB@&s#‘ﬁg F%‘%s'%ceﬁ're('ﬂtﬁ t on)[éheappé)ggﬂn%aﬁ diréction.
| MV eatn Sivelyhanhendisub dthate Py cessing appridtushatabrding to
pl 'L_J‘I'a|lt of . subs ,rateé}s_tgﬁ)g that the substrates are.v nold
othenPEREeNs IRYBAE ORI ARG HULiHRY Pppa§angqpsty ho
agdigiueality roft Babsukstiesakachr ehassiheg Aappstratess are oriented
according to the, present invention, the substitute

| idlang aneth@! Greeu8: i quid my be soluble in each

other. 2QoR0R24] Further, in the substrate processing
appar at ys acgatdi ng to Iche present .i nvention

. the
subst it dfe PAGINANMRY MhethBr SURDNTAEE) PEGCHPTIAG  @PParatus
Prac@ydihg dw thelPddnt &b dntibherthier subktitbe liquid and the
substrate_gr_o essi a%ﬁa{)ﬁqt us according to the
priRIQGASS HYBIF MBAY BRSONdPR HY QAN 9FB§ hol d  the
substrat[@goxps to be rotatable, and the control

devi ce nm control. the holdin nit ch_that the .
substratFé}/ﬁth&rﬁ'édt%iﬁL@S%ra{e r%cless?rl'njg apparatus according

to the present invention, the substitute liquid may be more
volatile than the process liquid.

[0025]

Furthermore, in the substrate processing apparatus
according to the present invention, the holding unit may hoid
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
substituted with the substitute liquid.

[0026]

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

[0027] ,

The program according to the present invention is a



the substrate is being rotated, after the process
l'iquid has been 30 substituted with the substitute
liquid. [0026] Still furthernore, in the substrate
processing apparatus according to the present

i nvention, the process liquid may be a Iliquid forned

of a water. 35 [0027] The progra di tot
oG s GPIEDY 3 CPNGH dececGoanty By B control a

C%”ths‘?rat@v?r%c%gﬁfrﬁéiuréﬁ?pér%t‘ﬁ%nt rgle a pr@'@béhﬁ atmaking the

processin arat us program maki ng

SUBRSTRILE HASESSI NG apPAratys, Uageh e@ss'ecarﬂ?'anbrsytn% control
CUViek g%\‘f&% raersobgt@téquc@tssmgomesma ra:empdsmg

comprisin processing a substrate

S | imeicessouppIyT g htrativs B ube. PORESE oldhifhe Supplying a.
Suskffﬁsrt?'ttﬁeaﬂauﬁd‘e suﬂbot Hﬁé%ﬁsﬁ?aﬁé W%udstmutdn? the process
i

remal ni ng on 't strate with the substitute

arimuldiryﬁflﬁpﬁlﬂh'egS-‘Lrbéhreaﬁ'ébsﬁfatt@rwﬂwetB?o%‘é@,%t‘F‘rEﬁﬂ'&lu'd and

h n b Wi e bs I
\madér}yﬁﬁﬁ eélsisglst{slit{rﬁ?% 1tgiﬁtérh tige pgdoéseg;thl@tmd has been

smsmmﬁe@n With H@epr%tté%tst S'log-'s' asWh&§Patle substitute
10 ¢ uﬂfquts?ﬁt ghé@ﬂ ﬁﬁtdthé‘ﬁ ¥ %fpﬁﬁ%ekgﬂ&mm plast dsurface -

ess ty I
del'rwiwnoth@helspls%@g@r tl%n%lhlzﬂ SYK 3@2@] tee'%gﬁ%tec’fpig& aipcess

Stl?r'tié‘ﬂle AR %md%‘h%‘?f vithat! & (i dlr eseRtdehsitgndf ahd process
ordge medium storing a program executable by a

coiguistl. device configured to control a substrate
processwg_;b o @ppar at us, t he program meki ng t he
substrate protessing apparatus, on exeautl on

15 control 'Elbel PEQ IR cﬁtmragson%%%{ aBECAF B st ethperesent
Hpirs' é'%ra%@ﬁ?@éimﬂ StoTiRGt 4 8 rQ)gl*a)maexecutable by

process ; Ing a substltute I| P
subsﬁﬁat@bﬁl@VSGQSWD utgdt ke FPBEERL 3 |%ﬂ?% e processmg
HﬁPgrQ&JQn the ﬁrkggrafrﬁt enyaking hensubstibttiage processing

and dryin substrate,” after th
|I€l0i13@rﬁ§l$5,belém0@u@é<ﬁct—'l§t% Ot Bheneostiet ideyigepsperform a

20! gHPgtré’t%e ?63;‘e§§]ﬁngsH#’éttHddﬂc%nhbﬁlls'lﬁgU%ﬁ'@ceestrﬁgﬂa substrate

rtutio process |iqui sur
tebs’ on phatess HawiderseRalyiag s@rﬁugétﬁeﬁsu LH%@ ofgo  the

Pr Qaeetrdtcdundt UBLRARg! the IhRicdss Aguad 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 liquid.

[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 liquid to be substituted, and the substitute agent
in a liquid state has a density that is equal to a density of the
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to a density of the process liquid. [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 substitgted for a liquid
remai ning on a surface of the object to be processed,
wherein the substitute agent in aliquid state has a
slicfuideta besswhstitted.s snal ler than a surface 35
t ensi on gb3kge liquid to be substituted, and the
substitute agent in a Ii%uid state has a density that
is equa|Theb sa hedisitey agenthaceordingdpdthie peesent invention
| butefhupl 093The e HBbe 4t RaRg. accor ding Lo
the resent I nvention be so e inthe liquid to
be subsﬂﬂQﬁk&i 5 [0031] In addition, the substitute

agent  aqfoadlgeh0 thBes b8 Ate JdMRALAT TG B BRY Bresent

vol ati | an t ui d %ﬁh L
Funveation ﬂnaheb%lmbgt‘ﬁft\4ﬂ|étlégetﬁtartat:|&©r|mu1 g tQ bensubstituted.
present vention, the liquid to be substituted

may be 4 r. Such a substitute agent accordin

t he presFe,LmthEﬁvé'httlh@nSh@ﬁtktéth agEREPIGAIE A9 ot0 at%e present
Wa}h@’én't{’tﬁgnk'qé cﬁdul‘a}“tg B‘@%ég?%ﬁfﬂe{d %S{/%(été/ water. Such a

a wat er qui d whose
stiuter agant ascosdng eo tthen pIeSAnt eiffegntienymay be a

tf}ﬁ&g@%ﬁdw 5] W‘éteﬁgg’ﬁf&h %tﬁql}l@ WHo Y @pR:tific gravity is

i nvention' ma m xe wat er - i nsol uble

| |Iqlngﬂrath@na1v@méra Yot éolmlqllﬂ Hquid wih@se,@mqlflgt@rawty is
LiACEEHiNg AdrhatRI&sethel @Nﬁé‘&tl]?fb ddtt accordmg to

vva er-insol uble I'iquid “may’[nclude at ast” one of

pitte poesent boMenhipdy sravidrocarized liayit of agya@mirsoluble

hylﬁd%ﬁ cfhéﬁﬂo‘cé U\Q%%F‘rsl?iﬁﬂbtlﬁn%qfdbb‘o” 8 ti:"r‘ﬁee‘Jls@Qstltute agent

n addi tion stitute agent
acacmrmggt ot Hee present iNaHioon,thehevabeiinselubieeliquid

ol @ﬁ}gl Q@i)ﬁk é“%ltqg%si‘t rln?atﬁi ge?ﬂﬁo%cﬁ}bmaﬂgﬁrofluorocarbon

etones,

DMthumWGMEhmwmroi@qr@@mpomgan;t_i ifjigrine-based
OnRidHY]1 naII S%BH'N.‘?B?\' i '%Weoguﬁsﬁ\f@@é ra%}eﬁwt %‘t‘é@?éﬁid‘&o the

appar at us, ow ng a Schematic siructure of
present mventlon the water-soluble liquid may mclude at least

one of aliphatic alcohols, ketones, esters, and glycols.

BRIEF DESCRIPTION OF THE DRAWINGS
[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.

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
processing apparatus, showing a schematic structure of the
substrate processing apparatus for explaining a second



substrate processing apparatus, for explaining a first
enbodi nrent 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

substidtution of a process quuid with a substitute
uid on a surface of a wafer W Fig. 4 is a
I @rﬁ@pplgldmf’d]‘t §E$ﬁ?oﬁ%qsmteW‘6$nH°Qubst rate 35

pr OCGSS'F”? appRy Hrlenighgednyiaws dferbei sudktatieurproaiessing
the subsirate processing apparatus for explaining a
sadumratys shewd Hehtdoft-t he present invention. Fig. 5

is an enlarged view of the substrate processi ng
appar at us shown in_Fig.
5 our THEEMRERNEMERNTHoha

i nventi g@o@,)f be described herebel ow with reference
to the

raw Gven in the follown nb
as an exXdmb %Pﬂ'(‘)ef&i‘é%&fl Heet H@%‘?%‘ééﬁt"ef'g'qem\)’gm Een described
gﬁ%%ﬂg@ggvﬂrt]ﬁubéfél%r?c@wée?ﬁ@gda@wan@s uz Given in the
e, present invention is applie
C edlawig Tphod men Gy s Al EXarOBlS S Giesiin g the present
10 T Ahverit3dhnes é%ﬁ@@swrﬁ@ﬁe aaS%mb%@f@h@t;@fod@‘seng apparatus
(substrate). dition, glvenlnthefo

R THNGS tas HIE ERRATE (BVAILIAR bis 18P BliEdsBadht cleaning
| NYSpEIQtLUd S GsUlRRRavdIer BrEcSsdinlg ata:‘pmme:ssl ngor cleanlng
met hod according to the Elresent i_nve 0 ppl
t o{ RrOGRSHBE) of é?@HﬁPHS £1Q0pWAIEf e %%Q;%sf?f%f In°%ddition,
cl gﬁf&ﬁ‘gn”ﬂﬁéoﬂﬁlldvﬂng‘ﬂ@rﬁboalmmﬁtsr atseanv\hxahwﬂnl@s tbe&escrlbe

cessed a chemn cal I ri nsed

15 (ptta)@e@gesep%,layenltw@ vat ar agﬁam%rge 7 sd‘hb%/tﬁgte processmg
fﬁgﬁe}trrﬂicgngéc?@pguﬂtb;tﬁéﬂ degehh m@@bﬁbnguftseapplhed to a

: u
sufethad %focﬁri'é‘gdlaysupﬁé t‘%oéspgggraﬁv roqmﬁ]taeghod) in
el ARt %Lﬂﬁs?c%té)e@vtbi%'m%@s ebeBft progesded blyara chemical

mere application exanples of the pre t
anbauhd, sbtITed @Yp?o‘é’éssf ﬁ@rﬁﬁ?-ﬁ d"iﬁi'&f)t ﬁbré\zlg’%tler femamlng

20 SUBRLI S gesrelsaneppgiBL mBeascing dbshiae lauid, ond
br BaEEeAttETa A lIBSHE decreTMANAT (KA & SomUDRERIG 5P 23 t dry
WakgE. s@etriated MHORRYRrother emdidddiments described 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



the cl eaning process. In addition, a substitute agent
according to the present invention can be used for
substituting a liquid 30 renmai ning on a surface of an
object to be processed that igpnot limted to a
substrate. [0035] Figs. 1 to 5 are views for

expl ai ni ng enbodi nents of a substrate processjng .
mambedimenibst fatt e pr oGéBE|eryvalfiar aPRCESs oin - which  a

PrOGhABn A& waqawneﬁie@ﬁaa%rrm@w%acwswyws theafer™)

present invention, Figs are views for
exp|@rqqa$ge;§1 pnresbymeemﬁdﬂﬁwénanﬂo? HesVige-frgrexplaining

#’%%%%dd‘ é’H%'b%'@ilﬁ"neﬁte'T‘bPoé‘dd@ﬁc‘Pf pifceiss(enehf tebatch of

erred to sinply as "wafer ; IS processed one by
5 orseemmmduqt@rnwaéem @1ei TRBU N e ¥i MidEssedecond
enbodi megjn a batch process in which a batch of 5
sem conduct or” waf ers are simnmultaneously processed.
[ 0036] ((Firsit Emmedinent) Wth reference to Figs. 1 to

3, the fyig Pé?@?éh@%ntto rF(?{iétlfgté%t hengi pgke- vA{IB6diment
process is described. Fi

d
sercﬁlatilﬁleﬂ t@l sheosingle- §frﬁé&%%désgﬁﬁgr'&gﬂlapgﬂ& 1is a
10 h%‘M\g{? hegpitionsfir UGiawe Wrer ek, andskidte 2&5&)@éssmg

the substrate processing apparat us. 37]
Asa@,h@vatu315hpg\flnﬂ aj stReMatiBbH GRIRE, tf@fﬁ%s@ﬂé’t gig. 2 is a

1 di
1Y QFERSOAEhBARAI L HEe o%%'%@fh@%ﬁ)p@ra‘tgb ing unit

ure fer a process-|iquid
suppl y Q3Zb configured to dlscharge a process

liquid for BREGETSINOFighe veafigr thid é‘r'i‘fbcﬁilment a substrate
substitute-agent supply part 30 configured t

15 di peoceseng sapparatus | L8ui §O[RRBSESt ut 8 aaemmgf ounit 12
Su?@ﬁfl%ﬁ'#ﬁgtg%@)ﬁfé PRSRIS Wi Higk-J &L NG0E 05U p sy part 20

e substitute agent (substifute substanc
i scantgncedtta dischRias @l Pre¢ess dievddi it RraGensing “He wafer
('V\F ’afw'du' 4, sddﬁ”&hﬁj@%‘g‘ré‘;nttlt gﬁugpﬂﬁ“ a‘;‘ESS%(?ql@o%ﬂgured to
| | qLﬁcdna(ngeea substityfe guidbdsgpsafusroagent) fpg. sybstituting
20 N80 A A Miduit? refn&intRESEA tAe@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 liquid (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.



casing 18. In this enbodi nent, the holding unit 12 is
structured as a spin chuck for holding a wafer Win

pl ace by suction and rotating the wafer W As shown
in Fig. 1, the 30 holding unit312 is adapted to suck
one wafer Wsuch that a surface to be processed of

t he waf er VV|s oriented along a horizontal direction.
The hol&p@@ nit 12 is connected to a driving unit 14

such as s BRLWnN IM%F?PSt he émhdz nﬁnskﬂbstedlanl.She daisvied 18 is a
by the driving unit

r st b t@@ttwépwé\dsmthﬁ %EWQBGW Ygr%@y%ﬂhgmg unit 12

hglh-ghngtueiakt e ﬁ@?lliforﬁal hpéétieant exn q’é)émahﬁ/dram plpe 16
vertical di rect| on. hown

5 2,isaextrizeediffophea cp,—gtﬂ@w fgartsés tﬁgu%ugg%ﬁ g%he ou?snde of
SLHHé’“E‘Q%m‘d“elBﬁferAWﬂ?q@ng R 1fdteelolidi ft%émtuplﬂ..S and an

from a edst the horizontal direction.

exdaN8sPhEAR N HitPE 485iHg sl8e>af§nab‘iﬂfé}r&ﬁcg WHsiden i casing
0f18%r6u@hlané%>¢mﬁva$amfgbe ibe casing 18. A

liquid collected in the cup and an atnosphere in
t he casﬂrQP‘i@] are discharged outside the casing 18

10 through Itrl”'etﬁ@aké%lééﬂﬁh'érﬁ' P&ht6. pFOGL-lid@d Nstippsy part

((apna?fd@ézggtrhqb?@ SUBBIY ﬁ%@,%&)lrgdr Zépcgn%nﬁhghe substitute-agent
“ﬁ%b?;W?%‘rﬁg(%ﬂbstﬁulﬁélygﬁﬁf tsgplYsiidribera@ntarsufpiied by

are formed by  separate nozzles,
r eSpR2fILEINPZZIRS ;ﬁrﬂées§§'wa|t1uu d heigpioressriiquig siwpply part

thﬁosaﬁﬁt 'thé't 80 BIARL tSLRPA Nt w;ipliiop@rre §@|p§ﬁétﬁfb@drted by,
15 e.g. sli1dable arm™ or a s

m 1
15 sh@vm,uah srhld@blg arh e tahé“ﬁnﬁﬁ%euaj%%gdast wn in Fig. 2.

g&Pr?éﬁ ﬂHeqLHr‘F'nSi‘Qpls)’ rR8lkd20tharnstddees-liquid sup ly part 20
substitute-agent supply part 30 can be_hori zo E’
no@Bed éb@véut 't\kﬁﬁeagﬂ\ﬂﬁeﬁép Yt RérhofHi ﬁ@mﬂ?@ érlzontally

Spﬁ%\‘;é&alé%vé’em@e%é‘fé}OSW'ﬁ@l@b%\&ﬁ‘ ghéeMdlding unit 12,
portion of waf er W and ap03|t|on out si de .t he

waseecificg! b04mFtWA§ns@oms Hom gbove gheasiga fp%{tlon of the

20 Pr QRS \)v' élHtlda ?b%‘i’#lbn dusdide2the vwarerepted to the
process- a upply part 20. The other ends of the

process- PgaiL & supply duct 22 are connected to 25 a
pluralitysobhdWit Sn24dgand d%re \Wrid oW iprbicegsviRlMRI supply

23du-£rt] 22 is connected to the process-liquid supply part 20. The
other ends of the process-liquid 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
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respective ducts 24a and 25a are connected to
process-liqui-d storage units 24 and 25 that store
process liquids for processing a wafer W The
respective ducts 24a and 25a a4e provided with
flowate control valves 24b and 25b that respectively

adjust 30 flowates of fluids f|ow ng through e

kiR iR sRecie827aRaSSHERUd notaTAg Bt b or( RS bY
SHREL AL S, N8 QL eSSIiftingRPakel Usf alPuimslasasdiikéng force, and
dej oni zed- wat er st hage unit 24 storing a, deioniz 8
wSiehE18e) dram nenenchieaestililid sPPRLL BT 240 at a
sbqékj@geﬁh—qh@m’ Balv Fatgui d. Due to the above structure,

by 35 operating the switching valve 23 and the

f1ow at €08t ol val ves 24a and 25a, a predeternined
process A4 qwied Hfkele-5HAR | sebrige fuimitst ke saidc2Bd known
process-liquid storage unit 24 or 25, by ans of N
e S§Orage| whittsngupBuas iGN Sifb b s vThHG kBedaical liquid
g{é‘ﬂgré’dfﬁgat{l%dqﬁérgﬁk‘ftsflhﬁquwg&gdgb%zhﬂitSQFSDanrpetré Abitably
eterm ne w rate, . t he .
esiestad o AiapugeRIANS ShealigabdlaWAsneug 75 glluted
gwoylrtiréﬁiﬂﬁé‘l;ig?gﬁngéu&?@nb@DH"dFQQiaﬁﬁhﬁoﬂhﬁ!ﬁiit—thrb'genibﬂeroxide
_ em cal -] i qui orage unit .
s.lﬁotlab'l%ﬂ (S kbt 8ak rﬂﬁ%'mﬁoﬂﬁﬁﬁgﬁMEaﬁgﬁﬂ:mﬁ (SC2),
| 'dtib__bé*ﬁdirﬁglcbnafa dp Fotess 1€ hper gférnforimedaichy sheutsubstrate
(DHF), ammoni um hydrogen peroxi de solution (SCl), and
sposEesShHyaraRR disokPde sol ution (SC2), dependi ng

on a prqeREe3fo be perforned by the substrate
processi ng apparatus 1

P E e B BL gt e S7bet 5 R en SAAE Rl 30 i
GLRSDeT AL SRONETY, B L gt o abyagent
peuPPBOdUGEnas I6reRnBeCtes ubae i st Benpodifpripply part
ggévfgogh%rxggeggﬁfeehéosag@kuméiégepf duppby 3dacardl are
e rndeid 05 a S BEAES X DY v miver
Pl (ki delviké awhikiAgonARS 98I t STRE repecdivd liaicts 34a and
resgectlvely store p%lural krln_dS oF llqiu!d ; _ 4 and
(5353t ArereanReied temanpYyaliycAf JIGid sEerags winiks
othsr tghat or MegpeLhFEly Ut estbirgui dplukae readpesti vef  liquids
ducts 34a and 35a are , . . '
(substitute-agent elements) which are mixed with each other to
form a substitute liquid. The respective ducts 34a and 35a are
provided with flowrate control vaives 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 to the above structure, by operating the flowrate control
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
agent) having a desired composition can be generated, and
discharged from the substitute-agent supply part 30. Similarly



25 provided with flowate control valves 34a and 35a
that respectively adjust flow rates of fluids flow ng
through the respective ducts 34a and 35a, and

openi ng/ cl osi ng val ves 34c afwl 35c that respectively
open and cl ose the ducts 34a and 35a. Due to the
above structure, by operating the flowate control
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& ligaygd. (3) The substitute liquid and the
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esu5|tute W th e substitute lig
[ 0G¥6] The substitute liquid is more volatile than the process
liquid to be substituted with the substitute liquid.
[0046]
Herein, the condition (2) in which the substitute liquid
25 has a density that is equal to that of the process liquid means
that, under a certain common condition, a ratio of the density of
the substitute liquid with respect to the density of the process
liquid is 1.0, when rounding off the value to first decimal place.
Namely, in a case where the process liquid 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 the volatility is judged based on a degree of
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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 including at least
one of: aliphatic alcohols such as methanol, ethanol,
1-propanol(n-propanol), 2-propanol(IPA: isopropyl alcohol),
1-butanol, 2-butanol, isobutanol, tert-butanol, tert-pentanol,
3-methyl-2-butanol, and cyclohexanol; ketones such as acetone
and methyl ketone (MEK); esters; and glycols. On the other
hand, the liquid stored in the other liquid storage unit may be a
water-insoluble liquid including at least one of: perfluorocarbons



mat eri al (standard substance). It is easy to obtain
such substitute-agent elenents, and thus the
condition (2) can be 25 satisfied by adjusting a

m xing ratio between the two Kiznds of
substitute-agent elenments. [0049] By way of exanpl e,
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The Oshorage nedi um 42 may CFI
and a RAM, and a dISC shape 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. Ope'rations of the respective
structural elements for performing the below-described
30 substrate processing method are controlled 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
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surface rocessed of the wafer W 20 |Ir0054]che control

Under tgls state, based on a signal

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.
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
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 liquid from
the process-liquid supply part 20 is stopped, whereby the
chemical-liquid cleaning step using the chemical liquid as a
process liquid is finished. The chemical liquid, which is spun off
outward from the wafer W by a centrifugal force caused by the
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Under this state, based on a signal fromthe control
device 40, the swtching valve 23 and the flowate
control valve 25b are operated, so that a cheni cal
liquid is discharged from thedprocess-liquid supply
part 20 at a predeterm ned flow rate. 25 The
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[0056]

In the above chemical-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 peripheral
portion thereof, while the process-liquid supply part 20
discharges the process liquid. According to this manner, the
process liquid discharged from the process-liquid supply part 20
can extend and spread over all the surface of the wafer W for a
short period of time. In addition, in the chemical-liquid
cleaning step and the rinsing step, after the discharge of the
process liquid has been stopped, it is preferable to rotate the



20 The chem cal liquid and the deionized water, which
are spun off outward fromthe wafer Why a
centrifugal force caused by the rotation of the wafer
W are collected in the cup 1 and are discharged
outsi de the casing 18 through the exhaust/drain pipe

16. 25 [0056] In the above ch id cleanl

swafeantl R pi opAgtetiuped: Rerprboek i pfEradly, =t o

gﬁﬁ@ggg eey. Ee A@mle\?f&bethﬁg nnthaéonatt heeplstagr of the
e wal er romt t

CSHEFSPIFRR 15168 o ht AT e 0RO e TBATY isahgning on

3@hRoKhFON W herreel cohkiderialtdy pederssd.l i qui d supply

part 20_ di s harges the process liquid. According to
5 this mahBEP/lt he process liquid discharged fromthe

processNdxaui €hé& upphytipatihg26tepais edsontbead dprsthy based
over all the surface f fhe waf er Wfo
it

p@rﬂ odd ofcantyg! |$ig A | h?heceﬂgmalcaldelv'é%l 95 t
Chal?l /§Ic§§ﬁn nd/atl{)@szﬂ%: @%cﬁt}@c agtlelthbhélowrate control
ocess ||
i é’adYﬁﬁeﬁﬁg’l é"'tqe) :fg a?éetﬂﬁeg@te%f h‘\’%ep Stfo'DSQquu'& (e.9.,
10 grlgggt @X'Pcrgr IF@ltb%lEfast bnﬁrsuosabstaﬁltg -agént elanmgnt flows
i S mann
< freubaili dreh Ianidnbiaosr At pbciestit qufget "33 at a
r%@o%é%@grl{gﬂted ?ﬁﬂw Er'{a%?t ?n apel coasi @eemmq/ rléguickd. (e.g.,
X e su
s e B S L B SB35 Mgt fows
?q‘é‘bfrf g\fkﬁ@atsgbénd?nqlmdlwtl@@@er]gar\taBﬁe’so gme amke3=23andn the
control valves
15 Trmdxen 83y sthefquiy gengrat @pﬁu%%@b‘rt%[@ﬁqo‘@ﬁ Zﬁﬁﬂf“t”te
?Is?ggttaﬁt rlﬁLaSWQl?%d tslt!b@eﬁg?;ngf?l&@aﬂthul@wsf theofir¢théiquid and
r 0t
pridifet éF—‘EPH d lf'ﬂH rate h%n@ea{‘%"@égﬂgl %‘Héﬁgg ?ée Qq“‘d flows
hymr@‘dg#wr eRkhedlcas ?QS%QOndsSUlhst ibleut disgeatged effeomn  the
romthe secon

mi Kebstibutg-paet fS'prﬁci)(eP :1%:% %&%S ) dt Pow rate.
20 2?2?2' fdﬁi@;éum dséﬁﬂﬁ?gté Uhtqlﬁl(ﬂ]gsntsumlaedjl qnm the central
seBORdoN; gfiithe 'Pr‘rlarfé ﬁe?fat g& ﬁﬁér%t s %ngﬁgwi'eom the
t heeHEtaIt Peridoat 0B hwo sasfd e f th@alvalfeede torsheh@eripheral
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 liquid - 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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substitute-agent supply part 30 at a predeterm ned
flow rate. 20 The di scharged substitute liquid is
supplied onto the central portion of the surface of
the wafer W and is spread frdmthe central portion
of the surface of the wafer Wto the peripheral
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tR ttﬁresdgqugﬂ ﬁréosﬁ?f%%%%”éﬂg?%n %ﬁﬂeaspgg‘g)lgg@ in Fig.
| Bouagl do@ngeredbwfith uhed ptabeys liguidi t(deforized water) to be

5PBFsedc s urntiyTs 19Ud.cdf b roBi o ekteng and

t gptEady e ank | swifacpylofaltbehohaféavivng aEeenf adeen fine
t ensi on of ab?ut 20 n/ c has a susfac 10 ten
(%Cgh

. d Si 0
t FEBIWariigs (PRASCHQR: rECRSPER @s,Wigng Patterns
ofarkhfo@abdni w athevslefade dietisebalifentwd theheabstitute liquid
shown in FI%& E as corg})_gae[led with the process |igui dth h
(G8formPed wash) €Biee MELIRGHNR o, Ahe alpaad With the
| iddib Hizad vwiies tabiedbybenteredand spread over the
surface ‘31‘ tlgle wafer W Even when fine 15
i!rr.egulé Phitls (projections and recesses) such as
Wi ring pataeidisiondr ehéosubdtitoté heqaid flhas af dehsity that is
waf er t he substi e liquid candnpcg% eas

t rg@qqg\évgg engity. 9 BroEess diH! e suib|s¥it89<t-38r(above

condition (2)). In the present invention, the same density
means that a value of a ratio of the density of the substitute
liguid to be substituted in a liquid state with respect to the
density of the process liquid in a liquid states is 1.0, when
rounding off the value to first decimal place. For example,
when hydrofluoroether 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’
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]

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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dei oni zed 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 condition2g2)). In the present

i nvention, the sanme density neans that a value of a

rati o of the densit f .th tit Jliaui d o
el LA RS Xl BB IR b SpLASHA BB extenc
g%aﬂ taprefadt hﬁbrgg Qﬂ@s§rrégﬁmmti:es af theusuirfacat eé the wafer W,
. 0, n . rounding o to fi '
pI%’cé.w;‘Eth%x%mréﬁg ﬁﬁ qﬁf\éﬁ?ﬁ ?%%oélltqrﬁ"jb ﬂ-ﬁtco;"fﬁ:eqmeaess 8
;;f?lﬁééd vgﬁycth@q&o@e:ggsﬁquﬁﬁinei b wt?stbm%edlcént belpfomoted.
, | sopropyl. alLco n [ ' o
nedowerEs A ABPH o hisous: dn7ofdet By tie Tt gl iauid
M eeb Y Eihe GRelesat Bethevwpibcesydliquie ahtdaaly contained in the
t her ebet wee gener at

.61 D9,
sd@ﬁqstsulsesgioﬁ‘ﬁgljg%aﬁi'%Qgea frﬁggpﬁsngﬁﬁﬁ%gﬂm Nggnely, the
ggé‘{feta)foédlﬁpi@@i Oy zee \p&bﬁésSOIihﬂidSﬂbstotm@d. apdo6he area

can, be consi dered that, . '
2Po by B, FRECRISEat e Tl B Q3R SREE) Bg blacec
:ﬁgﬂsrﬁgiﬁr%t?@%? pIrgC@éﬁtiéliJl;wignt themfthuwmch is held
u iquid cap ex
i r9leghul 5'??? i e o‘?l%:éﬁesé'lﬁﬁ?cfcet } retq?g '%\ZB@F%&PQE@S’gt%t%nded’
tshﬂ']gﬁél :girégt ﬁf r?]@mtﬁexbs,bift |L§_@b$ﬂ;jaqu:iialllyntweﬁtirealiwcee;stending
W he proc ' -
caff RS Sionotd! '%Cpﬁé\%esgﬁ,s é{éqgéﬂﬁé\ﬁ qt?ﬁat'ilﬁgét@'toﬁe%% liquid to
?Lgegr%{tzsétmdtedsygwqtm@ Isiudussitct_utegtlgaqlsid his réiffisslts, to be
iquid alrea
ShoaParaked Epac Bact FORAT Teodts WarRhnd) , DEFRSe’ of the
ar AXIQeRLRI &dgvitpe process liquid up to then and the

area oc i by the substitute liquid up to then
shoul d b&ggéglaced 10 with each other. In particular,

isﬂr ]E ggem?fﬁg%ﬂrvzg%ﬂg@htof:i?z%ﬂ??m::ehtt; st ce itheﬁlsabetitute liquid

nufiBSr the T8aBstdRIT! YIiQe{?é'rctqlc%ﬁ %agg’?:@‘iﬂ R‘SOSESS Hduid to be

L?%gg%gﬁtluitég,g/hTér@\?iretEég?fctﬁcfsﬁrbi@&.?d td;}miainhe)n the surface

P Gir e oviien L ¢heoTHASRE L S YRR ®can be

sudigamafed.he TRAS) W ibesapposeld titemt ithld Lanostibite liquid

gravity. . . -
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.

[0064]

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
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[0063] According to this enbodi nent, since the
substitute liquid has the mass density identical to
that of the process liquid to be 20 substituted,
wherever the process liquid r&sains on the surface of
the wafer W the influence caused by the gravity can

b limnated., Thus, .it,. i t.h h .
SEubE MRS Tedin o REA e bRt PEiasthyl| B Rk, 0% tvarga!kyIvinyi
C@rﬁhéirf@bpt@ﬁyﬁe&)proge&s ﬂu%ttwiqd/asv\/]fﬁilwdhaatl]l?ean|iiq1uid to be
cont a e surface,of .t - 5
céH%égtté’\rg@daﬁHds m&r%\?%n@tphghéﬁﬁﬁhég}éﬁ& tlﬁ(iu \éf e??fjer 30
Wsecohelsebg0t fecon@s eshd igligkdogrds from avhéhethe tube had
posi tions on t surface

e th fer W b
P e i ToaRs e ptade SHboheu te e SR i Rafsured 2
Z)Tghgtlﬁe(rirﬁﬁ)OBftﬂ'tﬁﬁg-sbdm@ﬂt ? Jte 3QquTithJer ati ?/i‘?iﬁlscthé)embstitute
er.l n onqgquc e nventors o t
i BRo: Jralare ot dldfide ks i Ripetseld aol Epthred the
sybple frara ghf bpeANTy diytive natber (Thgslidaiditoybeasibstituted
of the nmss densit f .the substjtute I i qui i, th
r ¥pece {THXHEE ﬁ'&sé agf%ﬁ"tz)‘?dofw?h FAdde ssﬂlgg'%i gnpgunt of
qusgkéﬁﬂ,talhad% d_ér_ﬁﬁt‘l/%Of t?r&ﬂigﬁfdiﬁ wsaaogabefiedt@cri]tw?s 0.975
\/ an _ln e | a er., o . nmm.. a a l.engt .
e o O 3 ke ot et g siPRibalS 18 9% Bl guxture
vast nesteropy IPefcdiielt tafingr aetdeyisite of 'IQH786 é;/cm3 and the
e_tube

per f |l uoroal kyl vi nyl et her copolyner
f iforleviRg: h Rydroflier aeshges substTEut BUERHUPERElieE  were
Isgquvm@oZu aggﬁgﬁgindarguif ¢4F8®tﬂﬂ3,3gde$sgmﬂs,1.§20 g/cm?),

. en the tube ee
ﬁﬁéggég(% A€o RasEimR G4y B ,n§'ltji¥fe.1v£go g C”f)f and
MBasEySB A (ch d1tionm CoF Hsukidndivy e 1.660 d/cat’) which
whi ch the écé?gpﬁfjtle bhﬁuﬁg@aagpdi spllwéed tﬁe Igi/thui ) W N
t VBES pRYREHE A8 enrel eI ube ﬁ?%m@ﬁ'%n?HgsntUte
of ligiRist Wegre Gledrated dhy actiengiliptd tiiddg vagoabetween the
m xtuyre of a deionized water and a, sl i ght anmount of 10
coN A ERfiuOERRtNEHaRE; tRe b3ORHPY alﬁod‘qqo be
sugstit I%S 8 975 g/cnB. On the other hand, the
su stltua(:ep_:I iquid was a m xture of iﬁopro | al cohol

e reﬁﬁﬁ 0

havi ng alaRifsi ty POWS788N g/THREHAED {i} ngvhich  the

hysli 9édi tioreoatdnaes forrhedhwdr ofinigedetigeié ofHFEHEED18Ad the

(conposi tion; FOOCH3, density. 1.5 cnB),_ 15 .

HASPROOPYE o 19l Mas4ks %ﬁ@ﬁsﬁ)y%ﬁ‘.’vﬁ%@@/ ExpFriment

angbsult in which the substitute liquid formed of a mixed liquid of
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
with respect to the mass density of the process liquid to be
substituted was 1.0, an excellent substitute efficiency could be
obtained.



HFE7300 (conposition: C6F130CH3r density: 1.660 g/cnB)
which were available from 3M conpany. The vari ous
substitute |iquids were generated by changing a

m xing rati o between the hydpofl uoroether and the

i sopropyl al cohol. 20 [0065] Table 1 shows an
experinment result in which the substitute |iquid
formed of a mxed liquid of HFE7100 and the i sopropyl

alcoholT@@geQ§ed4F§abigozg§nqmﬁ:H9)exper|nent resul t

igﬂeld gf 5HkET@ M@ tEndwite) i sopr dpyineastmmglening (sec)
S

ubstatiQt e | i gyigh f or medipf a | mixgd |iquid @ HFE730®0
ind _t he |smoroovl al cohol__was used From Tables 1 to

whi—tch l%t‘ substitute tTquid; formed of a m xed

Q N cCc — =

3-shows-an - ex per- i-ent - r eswl-t--i-A-whi-eh - t he  — -

iy gan be ngprstood that, phen® ratio (@mass 0

enS|tv rat/i o) the mass density of t he substitiite

i qui,d,30 withgegespect t he ras nsity of ghe. 1.
rocelss I| wd*g be suggltu edslwacgg 1.0, glnSt >

xcel <ubst|:jd7ute ef fi enc,/ coplf be obs @ ned 3%.0
aIe 100 (4 density mxing ratio

mﬁo/ er si perlod ec)| r 7100 I 30 60 1 g
féloco &9 0 1443)3 1211505 /5270'40

2.0 60 40 1.5 1. 5 . .0 40 .5:3.0
%%2c 5101@ 'ooi5061201rfns?'5

Q_OOOI\)LO/\I\J(D'D —ow

o (wt i Mer sion Derlod (sec\

ensq%g Inqo%(ZtITable HFE72000(504F9002|—P)0 10

‘0.8 — S0 0.5 § 0.5 é 0.5

0 IP6 30 60 9g0l- 5 1000050 O 0 4.2 80 209 5

wt-l'
o“
)
ws
=)
w ~
N
[@Ne)

Table 2 HFE7200 (C4FsOC;Hs),

density | MiXing ratio (wt%) | immersion period (sec) |

ratio 7200  IPA 30 60 90
1.5 100 0 o 0o . o0

1.2 80 . 20 30 . 3.0 3.0
1.2 70 30 25 | 2.5 | 25
1.1 60 | 40 20 20 2.0
1.0 50 50 45 | 50 | 5.0
1.0 | 40 60 30 40 40
0.9 3 , 70 | 1.0 1.0 1.0
0.8 10 | 90 0.5 0.5 0.5
0.8 0 . 100 0.5 = 05 . 05
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15

1.2 70 30 2.5 2.52.5 1.1 6040 2.02.02.0 1.0 50

50 4.5 5.05.0 1.0 40 60 3.0 4.04.0 0.93070j 1.0
1.0 1.0 0.8 10 90 0.5 0.5 0.5 0.8 0 100 0.5 0.5 0.5
5 25 Table 3 HFE7300 (C6F13(XH3) m xing ratio (wm /0)

~ I mmrer si on peri od (sec) denS|ty ~

0105 S50 B8 £ iy zwi'séo

4. oragﬂp 40760 5.0 8.0 10, 80 1.0
)81090,560@10 é\01bo§§)@050é55[0066]

—

Or océsg qU|b0®o be suB&titu

n—this en odirment, the suostltute i quid and the’
ed Wth the s@bstitute O

i-qui-o—aretsotubte 5 each prher (above condition
3))1.as i $ \ weBIG known, h@drofl uordbét her is0-2 0.5

o). <

ter=insot-uble,—and-wtinot—be stabl y m xed Wlﬂ1a

lei odi.4ed \}lvat eB80 On the @bher han®-Q sopr opyd-Oal cohol 20

ay —s

as—a al cotot T adi can and t nu3| IS water - Ssol ubl e | n

—L

In this embodiment, the substitute liquid and the process
liquid to be substituted with the substitute liquid are soluble in
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 alcohol radical and thus is water-soluble. In addition,
isopropyl alcohol, which is an organic solvent, and
hydrofiuoroether are soluble in each other (isopropyl alcohol
and hydrofluoroether 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
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

1ddi tli.3n, B soﬁrQ)pyI al coliol | jwhi chQs an orlghh 1.0
gotvent;—and 10 hydroftuoroether are sol ubl e i n each
9t hert. Ri soﬁxrop)ﬁlo al cohol 40and hydrf uor oet Ke© can be 2.0
stably—nirxgd—wth edcn ot her)- [UUb/J AS a resul t In
tihi s ledbodijnent50 t he substQ tute ‘&1{9 d and 4K 4.0
process—tHiquid—(deronized water) to be substitut ed are
1.0 40 | 60 50 8.0
0.9 20 | 80 1.0 | 1.5 | 15
0.8 10 9 | o5 . 05 | 10
0.8 o 100 | 05 . 05 | 05 |
[0066]
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15 soluble in each other, and thus can be stably m xed
wth each other. [0068] As shown in Fig. 3, a slight
anmount of the process liquid remaining in the recess
8 of the irregularities of theewafer Wis 26 covered
with the substitute liquid, as the substitute liquid
spreads over, th

W Th th bst
A el Lo Dl L S e i
?:éggér%gggfgvtégetlﬂ@f Wafﬁ\‘\t/ﬂ\ﬂd Then) ke/léhlehotlaet gubshi¢ute liquid
in whic e
R orcicstots g b DB R SEEBR, S AL e warer
| 'Wubﬁrlgcgéfngﬂdtélgfﬁfﬁermé@gﬁfétﬂir{\@ILNed:estn 8amonuam:¢h\m phocess
vement o e subs
8|'Wgsrem@d6§r@hﬁgp'fcbc%’ﬁ qg‘l‘r‘gd l\l"?‘lién&?ce;@ gﬁﬁgutute
lalr!g*ur#gr é@c?ﬁgélail‘lhﬁg tHe bb?ﬁtc@?§ eﬂlq\Mdan Ibe anmroegaapledl with the
substitute t
Tavemant phet oeeBsti e iddih BRo' RepTaEess (Pom ThUS,
;[)Hg:vc?fﬁf ﬁget@ftrﬁ;@eenﬁcﬁim\/%nf ,00168] prd’sesiﬁsmrmbedemammg on
p e substi,tute f
b eRerhl (ot P e nare iiawabLand ey & i M Bgituted
thmt'hel i d ORSIHRRUREt R, hean?dlb$hlet upeodegui dgaidl can be

e deionized water to be bstit to th f
| iEREASHB S PTLED RGBS of HaS pet it  on gfw?h:r W

rinse I|[;U@(519]ema| ning on the wafer. W with the
substit

can .be nore I
short pe‘ﬁ;oge F"'giel‘ile abResy tth\érglﬂﬁlBg "f'i{‘&t %E}% {Ute® liquid
fmgaf%gﬁﬂ ple{/:ttﬁbl Mf@r@mbﬁmﬁwé@rc@@nmm )i gd @3) toorrH:ernlng
a oV
 Hherriauenstis betpan Ep s yotiten infud G Bl 1BE 0¥ Ronized
i W\é'té%tg)dlbseﬁl?lb%t@té@(iol thea waimrow zigd tMﬁtﬁlbﬁStutmng step,
er.e ity 1
th@"%le‘-f’lbt?ﬁti%lt'ﬁlﬁt 8? fhe pﬁ‘@?@ﬁFqH twféé a\ﬁ'?mg}‘ea wafer W
Lgﬂ’?ggft“"v‘f?ﬁ@fﬁtﬁm liGuRd ,catrimedﬁnopea&xhamvecmlnmlemed for a
sur ace
pePNBEL ofefivke, Oferfém%lel 0 %glserljf’éxvtlugla&ﬂa 9\%‘]% be more
OXy&Ieab RN & o p RiTeiofsiuat Shore prsiod Wfi tisnéhea pabdeuciiivity can
whi ch jnvites gene{]atlon of ,watermarks an the su rfc?fcecosts

of DENCITAFEN oty THOLCH qis (Y HRAGEe St Phatee
SupgititUld Ry, Wvher! Nthes UpRG ¢4 eliguti th cbe lsubstituted 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
reliably 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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reliably conpleted for a short period of tinme, a high
quality can be stably provided, while not only

i mproving the productivity but also preventing the
generation of watermarks. As 27result, a throughput
can be enhanced, mhlch is nore advantageous in 35

terns of cost The substi_tut
pr ocecad N SESIHLS R Pracatoas el 08 Sr sy rgove, and
Sltﬁt“s@dlf@ﬁpaﬂ@@wr@i rﬁi@lVIﬁrgniﬂotheheonftmwamence 40, the
caontrol val ves t ,
CHlutats Lottiobada s b aoad’ aok Thd e’ SfeRtha/closing
g‘lﬁ??tég%é@farﬁi:ﬁ?c %ltbsb bHated IaQ}Hld frDIITushethe dlscharge of
ut e- agent supply p sto
* iBes BuBSHEUER ey ats ﬂbe et SRBY sy EhaBEst 30 is
f'é%bﬁ'ﬁ)‘é‘éi [vﬂ(i)@ﬂébyl phéheudwbiRUiting | sigst @pind tthe substitute
possi b % (iharge the 10 substitute liquid from
tH&%‘Qb@t IPiREGgent supply part 30, while the

substi t yopagent part 30 is noved fromthe position

b th t f f
peri pherla 5%?155%&&33?”90”%%@& Hoid vafgsibie °rd fischarge the

ggggﬁt%sfﬁtuﬁjtﬂgogdu&t@h‘abgeltheesﬁ?bggute\gﬂuha@énmﬁugpwr;mnttBue while
ent su il t

s uhEidideneos b3 att 19anoYed SpekteR prition above
ggcﬂéaggﬂgral E@Eﬂlbh abene Wbﬁeﬂwttbath@qrdmphenél phet thereof.

SraleratE Bt 15 (ReSsiple B 1415k BEsRg tRERSh biitute liquid

grﬁ*ﬂﬂﬁhetM@fersquh&fLﬁéeagéﬂtSUbaprWtepIaIrQUI 30, while the
i schar

th

e StiEth '@'@{Qgpl%ese%Fiﬁ'éég‘%ﬁo%ﬁgen&,ﬁ%%@@ f%}ar{tghe position

pr@i‘r@t@lkylovevbbky@t tﬁé‘&:é?tiﬂr:d{ rm{m)r:twr? bgltihef suafase tdfeth@fveafer W.
speed or a e I N t

UhE astditios i ardar i frexphtihd sidyssile, fguld $Sm, being

?ﬁgﬁﬂhbf@ffl Firosh | Yt 4é(3)a$\%lfe®n W BBbfemnt thle ssgbstititemliquid

i P, bl Ve Siogh 86k Ers the

Thiige fr@@e§$'k§td>ft lth% Meﬂ*élrdV\Dnltt he prafferable shetuthef fiolding
outward _ from t he waf er V\&v |s enbodi, nent
b |§‘btae

dedBit BedratRies theavalg Wt e s %F%gts the holding
vol;ait e s the nuteer s thefkod to be

- [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 liquid, which is formed of a mixed liquid
of hydrofluoroether having a latent heat of vaporization of about
100 to 130 }/g and isopropyl alcohol having a latent heat of
vaporization of about 670 ]/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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30 substituted with the substitute Iiquid (above

condition (4)). For exanple, the substitute Iiquid,

which is formed of a mxed liquid of hydrofl uoroether
having a | atent heat of vaporjgation of about 100 to

130 J/ g and isopropyl alcohol having a | atent heat of
vapori zation of about 670 J/g, has a |l atent heat of
vapobstizate dinasl hlaaingsentewad thenfiael seepss Bedn thie surface
Vv [ [ a kLe) h Qrd ged, wa
VBRI P WeBOHboPZR: Kb Pa splort BB Fieteihce the
| sqbistlithiaeilguichiesednt péf from theasafes W andk thersubstitute
of. th f a t S per i [

2Hghle, Srlordigtore aspliute Ao PR RBLEY Torn the
waliefady afdtheewafest W.ut €hus, gthel wadporyt és,driad, and the

S 1ut Lquid 4.5 . r Y : t f ;
WBPER bl G shehfidifigr GRRFR AE PR BY e Ml AR fled f 14 is
ofstoppedolwihagebyitthel 2 rdima etiepyist fisistredi ng nmeans 14

IS sto;@@e}g whereby the drying step is finished.

[ 0073] 'rlgthis drying step, it is preferable that

a gas (@®uring thisndryouyestgas)itos arefeghblengvatanugas (e.g.,

is. t rdet : . i ni
S Ay Sl SR gl St warer
WW nhelik byuthadwlding heniiaser that shaesurdacasofathe wakar W is
1@1 Ve t he evaporation of the substitute liquid

remal ni ig on the wafer Wis pronoted, whereby the tine
requi redO0ot4 dryi ng the wafer Wcan be reduced.

[0075] V‘%teglr t#u@esﬁﬁra' 8s ﬁfthtg sy g ﬁgsw@faesr d¥scribed
have been 0" frnis e&, Phe processed wafer S
urd madedtiie evaperatdsnnef tise Jinestituleolilgerdwefreainingoon the
b n e L&, ' - [ :
1A e R R B BBy Y e PGl 98P dWing the
subpbert ¥d cam berergduwcedses. [0076] 25 According to
t he abov[%de di ment, the substitute liquid has a

tensi

surface n that is smaller than a surface tension
of the Aftecede Iseriesl.ofThusceases oippdahed wafelr YWhdave been

P;fgrﬁfﬁ%%dé;%gjrgﬁglgggrﬁg\g%tf%w&eis' LAWK SHEGFrBR §he 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 liquid. Thus, as compared with the process liquid,
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 liquid can be easily
mixed with each other. Namely, the process liquid can easily



10

15

20

25

30

35

the surface of the wafer W In addition, even when

fine 30 irregularities such as wiring patterns are

formed in the surface of the wafer W the substitute
liquid can easily enter the regess 8 of the
irregularities. Further, according to this enbodi nent,

the substitute liquid has ,a density, that js equal to .
déneVeyfrem tt"}?eSqu éﬁmfkﬁn\f@ erhls INtA Fhsuﬁu%gﬁ"%te Tiquid.
i fiheenged dubdtheiteSliguayidan ebllypeatesan beeadnanchich the
the substjtute |igquid gan be aS|I%. m xed with %ﬁéc
ottocestalighid tonBepsubstisufed amains @sivgl 2 theyprocess
fnrdnihhﬁema"iham? o thleewirker WAcaRt eakhy edbst ithet substitute
liquid. Since the substitute |iquid can easily enter
aliGitida thewRrereshe! ARIGCERNAINGIE dOPo the wai&i (Wt &gn be
r ¢ARi A ahdWhbrasreli¥dIpr 6GBSSitutédUul fhr ef@i Qi igtifite liquid,
the waf'er Wcan easily enter ghe subst&%f%e 5 lh ui d,

{10 ShaEdhe PTeGRss lduicncAg bR seBataled NeuihBesurface of
r gpiediwafapdynmore reliably substituted with the

substitite liquid, so that the process liquid can be

separ at @G48 t he surface of the wafer W [0077] 10

Thus, eveiughendheavREpCeRE Ipraekdsi Fgaidwiker watdnea time
peri od vvhg\n the water i s present on the

) fer W i
otfRIiodoraen the wakepks PSESRREP RhenmaisT W I\Q{lotﬂer words,

coptapk petibd Whewntre Watéans iRecdmdietadith the wafer W, can
Accordingly, generation of waternmarks can be

r dir KaBV Gl est AGCREEINAly, [ 9@TEratip el tWakermarks can be

aGeehdrRably rébtraigelodi ment, the substitute |iquid
and the ﬁroce s liquid are soluble in each other.

Thus, : _3 e substitute |iquid and the process

Ilq;ﬂd alfr?a'td'@iiggﬁt,aé“dbcotﬁﬂ'tiﬁ ﬁ?ﬁhi@@ﬁﬁbo@trg'e?ﬁ?tth@ s@bstitute
certajpn part, e substj t uf i qui an ocess
il i heribreaeas NaUHEr i ot bimdnersrd, BERRES " Thus,
PrRERFS thedsi BstifiMEd Migiddoanthehagd®ceds lig@id @re in contact
slight anount of the process |liquid remajnin m_%&e N
r eWeldl epdt ather at feast At ai e8riann Rerates  SubsFifye liquid
di 388! tRd pirbess RysidbeAht ié emixédubdht 8ath Wtarkial ITherefore,
ext ends and spreads over the surfaT_&gLBES t he waf er

Wth@aprosessy dayid ¢ RMEDEIY ngNoft Jcels |€quid slight

r egR{dumg dnthaeprideds WUlHO réRfaipibglint the Feeesdl 8 of the

can be further pronoted. Thus, according to this .

entbeagitieshef the wafer, can be dissolved into the substitute
liquid that gradually extends and spreads over the surface of
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
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 volatile than the process liquid. Thus, as
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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process liquid remaining on the wafer Wcan be nore
rapidly and nore reliably substituted with the
substitute liquid, so that 30 the process liquid can
be displaced fromthe surface3zof the wafer W [0079]
Further, according to the present i nvention, the

substltute i'S nor atil th th
| irgRidy W?soor@§635 WHRE8PYd thet eraj ecra Fﬁ?‘ fﬁc rﬂ%@ for a

prsq;l(begspéﬁ,ggl(gk tipndried directly, the substitute
liquid rerral ning on the wafer Wcan be 30 rapidly
evaporat{Q@ %ereby the wafer Wcan be dried for a

short peHeoGivd ifilst EABOIimERe adatind itosthe single-wafer
enbodi nent rel ating tciyt he sin Ie wafer 5 process can

b FPEESEUATY Db A QS [r@@sﬂif']e For exanple, in the

aboveI fi O@tsv\/n odi ment, there has been described the
exanple in ich the substitute I] qui d substi tu

agent i Fog EXgunalet & elh EP@@@%@hﬁf@‘ecﬁm&’(?ﬂ'wtloﬁhere has

fﬁ?g@b@%:ﬁgﬁ? bﬂ?‘@lﬁ'e?(a@ﬁbtegﬂw bh*(\%%eftheﬁotubsﬂtm@ liquid -

upst)] t ut e-.agen du

cdiviisuiepdethoin o 1GH SeEL i Gncharget Mom the
%Jpﬁéhﬁﬁ'é Bgo ItS§@9Paeqbarfcr9m t Neo Gielar] tndtehargeea thereto,

part nt o Accor di n

el rsU T et er RG e SUPPIY c08gEnd 2 Stdarb8r a5 RRgd Swith 3
S%@ééﬁéﬂ”&@%@t)ea@ﬁnélﬁmﬁéssgbstlh@téurgam% cafn ﬁ)leemscharged

fer W so that the substitute | I
Lo the racksarutaao it sHnRIV k] 30| e eRsing 18.

th@cécfr’diﬁbuwstm% H%rﬁ@tSpﬁWcleVehéU@@bytlmté %géﬁt (steam of
(nozz ducts, and

abd\e subr%ttteﬁb@aﬁﬁéhtcwrb%e%m 5Bﬁys acf%seh%@owafer W,

X%d"'ﬁh%t tHee subisekate-liquid eapupel appRet wPthadddface of the
ubstitute-agent supply part 30 may be structured by
a WafedNVnozzle. [0083] 25 In addition, in the above

embodi memggpiere has been described the exanmple in

whi ch predet efm ned anounts of t
P In addition, the structures o? the respective supply parts

(nozzles) 20 and 30, the ducts, and the pipes in the above first
embodiment can be suitably modified. For example, the -
process-liquid supply part 20 and the substitute-agent supply
part 30 may be structured by a common nozzie.

[0083]

In addition, in the above embodiment, there has been
described the example in which predetermined amounts of the
plural kinds of substitute-liquid elements are sent into the mixer
33, so that the substitute liquid formed of a mixture of the
plural kinds of substitute-liquid elements is generated.
However, not limited thereto, a substitute liquid formed by
mixing plural kinds of substitute-liquid elements may be made
in advance, and this substitute liquid 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
elements and stored, there is a possibility that the
substitute-liquid elements may be separated and/or the
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plural kinds of substitute-liquid elenents are sent
into the mxer 33, so that the. substitute liquid
formed of a mixture of the plural Kkinds of
substitute-liquid el enents is3generated. 30 However,
not limted thereto, a substitute liquid fornmed by

m xi ng plural kjnds qf suhstjtute-liquid elenents, ma
peomiesiaf en e su sty Lodidaed be TG nafthyse of
%@f@e'ﬂ&eai ribb?gitaétrtiélyp(ré.g JUthatiIh'b)@e' ; bet\llveielm (tjﬂﬂebpiasal kinds
ere the su itute liquid i revi,ous . o
mioi ﬁ'@éﬁt'ﬁv‘éﬁmw S SIRMERSS: | (LS MR BsUbsEiriediauid is
ar%bﬁém@@ﬂ, biyh@Ehd Splarabsehls! oft gubkaituteeiquid elements of
su stLtute-quHL% el epent s nag be separ at ed agﬂﬁor ﬁpq: th
3CONIABEIPY o GErene PUBREItIGFe Mt gl d PRE(SIRPIE that the
chanogdbuteedrysid 9§ geéinratenceyi mpiagertheesustitute-liquid
volatility) between th | yral kinds of, 6 . . : .

S EMeDtS. Wi ePal cAMR's DYTHRE WHERT a(TUING (¢, mixing
| i g idel) S33 gamenatiestedy Bisfiore tHelsabskitade Iofuid is supplied.
SUbStltLﬁibélfUId el ements of 5 considerably different
propertiles] 41 is preferable that the substitute

l'iquid imy@eeer aredthy gbysived filke suhbbidinfentl, i ghede is the
el enents with each ot her _t%(cfﬂhle m X
[

2Ie| r i Xi ng.uni.t,
CSPANG ePeby saeanmmehiddaioniagruofer Wil s taken by
:c i\ﬂé'{ydofngxﬁmﬁlé,eﬁlnd t[l@;%%?%airﬁle_rrtthisr not{hirhft@datxw:eeto. As
Irs e | men ere ' s r.ns]n Sl e nmeans. .

ot dBClTes; HbAPRB-SH%H De BRI Stk By B WSonized
gxﬁa}@ée,rgmd t?]é;gogg‘@?jjgn?ﬁdt mepihémmaltecuiquseretsoa Pyocess
I SCI 0ose | - y . rnsi st e a . .
deiguid Baay ke st bskirusedowith EB? SRETHE ek Gar Also in this
It Lﬁmtdcﬂgi@at?)rgr @lﬁ‘ﬁsﬁe_lé&ikligqlﬂhé @tﬁﬁa_sbiﬁtuwgﬁpm(w:ﬁﬁimt atisfies

e supbstitute |1 quld. SOo. I n | 1 T1 |1 QN.,..

seth®t i@ r@ﬁ‘éegﬁ'@g}q ut@m‘ﬁ)‘&mrbs vmquc)hnggtiégi est€ 'l'?éxg the
affélté!ﬂﬁjﬁshmbgdﬁ%éﬁ ?E%(é%bttgtt(xﬂé Fqﬁi@gagdgm{aﬁ chemical
rel.atli onsni ps etLwee e, supbstli e 1. .Ul an e .
chbaH |(DfPE&éﬁd"9Hf d0sbg; HE?G)%‘@ P?fstéd,cof"r?épond'”g to

ef {188 tah PRE I RSN A Irdsp etlivd e orifivioriesani bedindependently
respect Ie{c@ conditions can be independently obtained.

[ 00BE3IN§Mecond Enbodi ment) Next, with reference to
Figs. 4 ppgg§] the second 25 enbodinment relating to a

batch type process is descrjbed. Fig.
yE)Segond Embodiment) g

Next, with reference to Figs. 4 and 5, the second
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
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.

[0086]

As shown in Figs. 4 and 5, a substrate processing
apparatus 50 comprises: an immersion part 60 containing a
process liquid, into which wafers W can be immersed and
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4 is a longitudinal sectional view of a substrate
processi ng apparatus, showi ng a schematic structure

of the substrate processing apparatus in the second

enbodi ment, and Fig. 5 is amgenlarged view of the
substrate processing apparatus in the 30 second

embodinent. In Figs. 4 and 5, the sane parts as those
oPreERs38d sta edbgdiamemrta/® sHuwWiouyed heo sdme the wafers W

r ef h

(FHRE 1G5 c IR i A ) Q1 [P60LEG L8 ARE processed

and@ldiagsubHt 85t<éorpfrl@@é@§|tﬁgh036 t&wpmaeﬁeus \fso Hnd a shutter
déﬁ ma80! M‘[;éfra'og%dp%{ﬁtmﬁébr?oméhmr?\%reuorpf 580 and

I|qU|H, into wh ers can be I mersed and
pthﬁedfﬁétﬂg aParyi fg. parliheroskutmErgunegheaismy 8@1elncludes a

V‘@F\Gh} '8°§‘|H?é’r3> ﬁﬁééﬁdthé‘ g@&&fsf&ﬁf}? art 60 and

| Tqui processe uni t con
htihe dnen\gap@rrt 9, aami aa §|’mnttter bo@dygh8hi bﬁkBCbY the Shutter

| Bb& ggsedt @d@%ﬁe & TPRATE M0 R3P & 08 oA a5(§J[rB%ess liquid

dryin tter mechani sm 80 i ncl u
SEUDO Y aaxts(?.)romeélspbggdd beuReln ERMberdrePogosdigured to

69 {’lﬂ'ija 31@ g?%tggs Hgl%ﬁ d7por Zﬁ‘@&%énﬁftﬂ% Ql%‘ﬂé@whe'(gn the

eothgra baa@esstthuddylrs@pppwbar?O( pne@l:e@sc;\?lh?ﬁrs}i d WIth a
f

YIRS RO inf b BATE Aoy essfaracsgp P sAeben)

ha%d cem@garedndopadisch@rge pa ost@am wof haa substitute liquid

ﬁg%@ﬁ%ﬁl%%aﬁg@ﬁtf ‘f'BPdéi_{tf’ﬁﬁfut(lﬁgb%étHF&&eﬂ#} uidPRfhaining

ure 0 diI sc rge a steamo
sobst tnat ewhifqus d W( substaremedongenthe f crfeSQ@l@thet ustrgctural

tlé?erﬁ"feﬂ'gc\‘jsvsér%]'o%gcﬁilﬁgﬁa' ning 15 on the wafers W

Her éb e respective structural el ements are
descri b€B08AI087] Firstly, the hol ding unit 85 is

structur el ofigs LETRR Taffie | 95 1R YSTre o I this
merbbod g iyt el dingt ueit 8dbés aatruatufgedw@s zom@ﬂer boat
CIAERIGRG (oA IRIRS oA | e ookt T
t@uthséaﬁ(otallshmcu‘lmtfdndmesttw a(ddreectn@mmergaenduchléar to the
8@%9%@ bl Figyet If7d 87 efld 8- siPpole! B iignHERRERSDer 87
joined to the four holding members 86 and extending in the
substantially vertical direction. The holding members 86 can
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
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.
[0088]
On the other hand, the support column member 87 is
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25 sinmul taneously support a plurality of wafers to be
si mul taneously processed, e.g., fifty wafers, from
bel ow. Thus, each of the hol ding nmenbers 86 has
grooves (not shown) arranged3at predeterm ned
interval s therebetween along the | ongitudinal

ST B8 Ol %3 " par 70
neldRnrsh 86 belwi. t Mate tsh;@qﬂbrateoBLmlfnflmenﬂfertic?'? ils joined to
respectiv | a er,pen '

[ G rEeyigs! BlEehEficfa, W8 AlbwR,, RELBE AGYAG of the
eﬁlevda{d})\/n lm@chatrhtgnpl ghe sup actesc@mmhegjereﬂmct_ t87</gcan be
warl,er s are o ent e n e ve . | r.ecti on.

e PR I RErEA AN E DS weShice cUrtiHoRensBL S Jo the
i Smaaeneéhemredhéfs"upm@rtacbmnm‘enfmemﬂé} 8f7 tamangirbheng/ertlcal

70 d d bel ow_ Th t b
Pt edtion’ % SahaNBy AR, FidhecharTin Snothensuppaly Column

t hmednber @7 ofar Hee rabeeat bemvwmrhamesrmnhhesmmpparrt 60 and
c&l urra nmenber §77é1{:an be 5 el evated and | owered al ong

t Qe\/ FY{XRIPA ettt i on. Due to the novement of the
support [@@8®n nenber 87 along the verti cal

di ti ho Fi ! .5, ,the. ,
Col o Wexbo rREMBisTo fonatt B B utelqubERNorAs shown in
pahg 64, atte |Irhgwoellﬂrs}/®n§gpaﬂtft6C70mAchd[e§089brbleatssmghetank 61
rsti o ar |1 S escr
e i o Byt 19AE, K clidiglerentiall
hasumtguaﬂd|ngpehe0\mpper19)p@nirﬁ_:po)fetiyet[an’d«:eﬁs%mg tank 61 from

¢ HitaEie B e nlonta FTR R A Hitd R ARS b Itinding the
:&@fog/?rgyl rttami SﬂsBmfr@Hnl Yostwaedindi mg tggeovtvneqnqu@_ 4, the
ar ro shown i id., 4, e

sl ik il ccait acramonafate b iidiAfag rasmpers 86
860f tjlﬁetﬂf@lchﬂt:lduﬁtt 85'ﬁ09&§tﬁquﬂﬁﬂergglmkal&ypbﬂmféns W held

L PRIHE Dol fefhers 88. proREaBTREs (218 HALE Part of the
crteasswﬁ967taoﬂovsdednsvwmdaramonﬂ engiml cpmn@dedl vxmth an

d.%eﬁakrg%&%gmsé? Vet 6due: iy et éomaought]h% frocessing
drigdrik @ peaev be discharged from the processing tank 61 through
the drain pipe 67.

[0090]

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
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
surfaces of the processing tank 61. Preferably, each
liquid-processing supply part 69 is positioned such that each



[0090] 25 As shown in Fig. 4, two process-liquid
supply parts 69 are disposed in the processing tank
61. In this enbodi nent, each of the process-liquid
supply parts 69 is formed as 3@ elongated cylindrica
menber extending along a direction in which the

hol di menpers 86, of the hol din nit, 85 acco dat e
irAlséHgﬁ%egBQ S51 IRF AU DEP R S rld, SdRFEnt Wafers W
CWéldbive @heMBah@ing Maenthseh@ae@lseso (Arichsitgenh process
ich are fornmed at, substanti afJI he sane pitches as
Al Re @t SRREEHRSURERHEE WATETS W hel d by t he
ggl di ng [lm]g)f{s 86. The process-liquid supply parts
are respectivel el d py opposed i nner wall 35
5 s_urf_acesI%fﬁl%esﬁ?%ﬁasﬁfﬂgogé&%rﬁl. Ay egf?‘é?"éiﬁl yn Z:égh 4, the
| sy eI ngRSal 8GppHUPRartBast 69ei Bopnsictédnesl pradess-liquid
that each 34 disc arg\% hole i s | ocated tf,et en th
t viFOsaP&CEAILS. véf 8RY g tEPY By 3 RECFRF ngv}ﬁeﬁ%lép_ﬁ)’ ggict 22.
SOS A% cta rds HNEn @RI ActRl 9§€3he Em@é dftthed seeadd embodiment,
betg_een t he fers W %909%_]“ I n fth second L |
erBik ke AISPORBANUPRTIGYN 5106 HYf thRoBESCErs diawd supply
10 SUPRHY B9 tarebth@isaraenieehedetdt Bi@cRR e ifitdt @mbodiment.
storage units 24 and 25 through a process-liquid

supply di#Q92> Structures of the ducts and the pi pes

of dt hef S{eﬁ@ndeeab@ﬁy rrwmgdes@hi iSlh aarlt?rdit S@@aggbwpsa reafrect a

side o e process-liqui up parts 69, aret

SaREOGRSS Hb@él%fowef\caﬂm et tagpalipRessing [f@d&z]gf- As

gr‘%lgéﬁr‘ﬁprﬁrmgga@}(jﬁﬁé@.t@ tl?@krélitiﬁmr%»dtéﬁkCQBl Efta drain pipe

ess liquid gverflowing fro e processi a I

15 B16AAPTOVHARR MIFR: gn HPS A aYNohadINeo g (ale liauid

63chBected dinn tRePreddvEA REPK &3 ¢ lb@ndischarged from the

openi ng/ cl osi pg.val ve 64a. The |iquid ol lected in
thée%\t%rwewnpa%% through bhe dirain I8€4OFr om t he

recovery[@@gt_z;]63 through the drain pipe 64. [0093] As

shown in Fig, 4, the outer tank 63 s adapt t.o 0

recei ve.éscish@lWﬁ‘ePrénE'igal 4prSF§cPiUﬁSr ‘?'I]ESE’% IS a%apted to
20 Pr ph&silviend Efrelinhfdresitidit projeeNadiwa11884 Mejrctitg from the

projecting wall 84 enters liquid stored in the
ouﬁélﬂt'é%fnlm@@haﬁiﬁrﬁ‘r 88-i n%&?%l”trﬂlﬁ RICIFCH ARk Wil B4 enters a

liquid stored in the outer tank 65, an area inward the outer tank
65 and the projecting wall 84 can be blocked from outside.
[0094]

25 Next, the drying part 70 is described. As shown in Figs.
4 and 5, the drying part 70 includes a cylindrical 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



65 and the projecting wall 84 can be bl ocked from
outside. [0094] 25 Next, the drying part 70 is

descri bed. As shown in Figs. 4 and 5, the drying part
70 includes a cylindrical bodwy5/1 having an upper
opening and a | ower opening, and the lid nmenber 73

oL s BT o e 52 Mo
| Qf?ﬁirg@eﬂ@@ ¢dhatbd faﬁtcw?hwh \@atexpenimhg oid Hﬂfmtber 73 can be
cyl i ndr.i e, upper .o en| ng .o

el apdofPugred Mgk iR oSG dleon &Y theuriving

I nofFiag eEBevIaﬁ@nShmétI@anMﬁy 83t ehove. SHU’(t!iﬁrthe lid member
se the | ower of the

80 n
5 oyl At B Speajatad TAams Hag e d egl aaY; 3 de a
charrber [@09He drying part 70, whi ch is defined 35 by

th l'ipdrical body menber 73, t he
Lot ooy RS n 8 MG & RpdnSnave sebstitifagent supply

hopditzg 1M tar<85d3§po§@@emethw bhoaesbm@ térYkOfSl In this

ac%ﬁ]mvé{‘]gbg Bt oo P or AR R -BGeNE  SyRbBbY RS 75 is

10 | ofsrheddahengnt BRo edSadylihdlﬁ@él Qﬁehybéheeﬂendmg along a
| evat i on . nechan

f t e
et BBty 3h i €8 LB a0 TnsPREs 9P flitheaholding unit
7185t[at9@9é'»1te%ﬁd(§d10wfrhen c&l@ﬂjrléa;gﬁﬁiet’ilbdérv\ﬁhas glschatrge holes
St e arts re | SPOS N
o ShpG T ihish 8P forPied S subrErstislSefe s ame pitches
suastat—rtatm;em@ﬁt wﬂﬂids D6f tihe Swaserl OM diared s e holding

on d c ndri nenper. extend| g alo
15 G FRATDGES, 13%ns ol DR TOPShHGroRsIS SePory Rarts 75 are

hof@b tumelty &@I@T%yexkﬁﬂﬁ%éd Thﬁnéyllwénl Céhrfﬁ@@’@erof the
has ) whic e .fornmed

cha ot _sh
SuRKBATRE Hod¥e7dam PRRICHEDY, £RGH sineHERS BaSiHeSUPDIY
Of hhﬁt@flgrpwh%ﬁebys@bﬁ ?%tgléé@hlﬁlgﬁﬁbg%? l&gle T@elocated
i tut e-agen arts are i v
R B B L Sl S b e nolding
20 cym@@hrbecrsls;@@b/ ablto RIistRaBdE Ya seeam DfbstddbEtELaBeENguid to
osi ti oned such that each di scharge
F?/%qug@;i’v@@” EBEW@@ EtheéVtwo adj acent wafers W
heI d by [d@o6dl ding 20 nenbers 86 so as to discharge a

t f t te |i dt ace between
\?Va?::nsove‘a sshovsvnI 'l;l"llj Felg.légu'the SoUbStItLl?te agent suppiy 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, similérly 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 also functions as a heater, and can

35 heat plural kinds of liquids (substitute-agent elements) to be
mixed with each other so as to evaporate the liquids.-



[0096] As shown in Fig. 4, the substitute-agent

supply parts 75 are connected to a heating and m xi ng
unit (heating and m xi ng 25 device) 38 through a
substitute-agent supply duct 38. As shown in Fig. 4,
simlarly to the first enbodi nent, the

SUbStitlfg)%;fﬂ]em supply duct 32 is connected to a

pluralit liquid storage units 34 and 35
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ar 5. n the s ,
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e
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t hewoskhsds taft erggeid selpehys.painsthis eedidisnantt ¢hen mixed
|oif Hapm X é%ﬁs&tﬂ{:%?ln%@@?&?%dp&feé h§f ttHKe) lé\'/vrc])d?dlgf(fjs 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
liquid state. In order to satisfy these conditions, the liquids
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 liquid 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 liquid has a mass density that is equal to a
mass density of the process liquid to be substituted with the



a steamof a mxed liquid (substitute |iquid) conposed

of the two kinds of organic solvents. In this

enbodi ment, the mxed liquid (substitute Iiquid)

conposed of the two kinds of Brquids satisfy all the
followi ng conditions (1) to (4) which are the same 25

as h(gse of .the first enbodinent. In other words, the -

s CHRRTHEENAY KA from the substitute-agent supply
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shown 1n Fig. 4, In this enbodl hent, the_,. o .
suors iheonitsadknsiPosi Bt $5 TR thenfgetag pgd,mixing unit
ni 380gemMheat Orthge nitfdg&6 dasguyhhichducas 36eepr dwaketl to a
Wi th flowate 10 control val 38h_an . .
15 oeirdRparBLTen moe e By pcheefiy BN mixing, unit 38,
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heati ng and m §i ng . '
storage unit 36, a known storage unit such as a tank can be
used. -
25 [0101]
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
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20 unit 38, the generated steam of the substitute
liquidis discharged along with a carrier gas forned
of the nitrogen gas, fromthe substitute-agent supply
parts 75. As the nitrogen st®Bage unit 36, a known
storage unit such as a tank can be wused. 25 [0101] As

4 ed to the d
Bt ital PR lrt S, o oPEEidTanLTe g Thie WP RG described
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AR oIt e et b, Sekicd ATF PR oRgbBee e, previously

ststvege inedhaiprégrésestorage 4b1edwinml423re simlar to
t hose of fﬁlat above first enbodi nent. [0103] Next, an
exanpl e[g ‘He substrate processing nethod 35 that

can be &Mlmmdtobyhéhﬁrﬁumﬁhj@dnenah@petsnei fglapireg autstrate
50 as structured
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sybst j t ut ui.d is pple to the rinsed wafers
I Wi the PREEL Wb TRl s SR deresH TtV stbps are
oruémlb@aflardet/tmls substituted with the substitute
l'iquid, step in which the substitute liquid is
renoved he wafers Wso as 15 to dry the wafers

W  Her elritomly, tthe fies paehilver s13pis mlevad@:t,crairm%cthm holding

gﬁ%\%{\ggwlgé] ?FFI"{%WH theurlnjtd8 JeaRe e?evated to a position
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
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.

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



menbers 86 of the holding unit 85 are elevated to a
position 20 outside the cylindrical body 71. Then,
wafers Wto be processed are placed on the hol ding
menbers 86 of the holding unB®% 85 so as to be held by
the holding unit 85. At this tine, the plurality of

waf er s W sj nul aneous held_b [ [
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15 ¢| eani ngV g{([;},pthghglr@,gﬁg p||§q Hgéd gFlrs'tFy, based on a
Coék?hfﬂmtﬁb)’\adltfﬁ@ﬂ?ﬁtﬁéotdrit@ml tdee/meo@@sshéu switthéngpraive 23
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15 Next, the rins % g s .descri bed. Firstly, tﬁ‘i
onPEOCESHIGGIABR g PV A 4 Ga S PSR SSINg arTRB to the
S\/Vké@@v@@,{ veéme 53 amu t bisehl anweateheontabl ligald ei4trained
are o
hrc?&gr;ﬁ t%e draln p|pe 64. In this manner, the chemical liquid
in the processing tank 61 is substituted with the deionized water,
25 so 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-liquid 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
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dei oni zed water as a process liquid is supplied from
the process-liquid supply parts 69 into the
processing tank 61 at a 20 predeterm ned flow rate.
The chem cal |iquid contained4Dn the processing tank
61 overflows fromthe processing tank 61 to the
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t hat e.in he drying part 70 is filled wth
E?t? b%ﬁnﬁynﬂé'g'ﬁ&de In addition, at the sane tine,

by opera[@mgot]he heating and m xing unit 38, a

ni trogen h_tenmperature i I|ed to
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di ﬁ?tf@fﬂﬁ@' d®yihlge part 70, the shutter body 81 of the shutter
mechanism 80 is slid with respect to the shutter 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]

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
valves 34c and 35c and the flowrate control valves 34b and 35b
are operated. Thus, a predetermined amount of a first liquid
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drying part 70, on the inner wall surface of the
drying part 70 can be remarkably prevented, whereby
the substitute liquid can be efficiently utilized. 20
[0110] Next, the substituting4$step is described. The
holding unit 85 is elevated together with the wafers
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accomo {n the drying part 70. [0112] 15
Si rrultaﬂg)tolﬁg?L with the generation of such a

substi t Uflkeus, 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
stored in the processing tank 61. As a result, the substitute
liquid is applied to the surfaces of the wafers W, so that a film 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.

[0114]

A supply ratio between the supply rate of the first liquid
from the first liquid 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
the second liquid at this supply ratio can satisfy the
aforementioned conditions (1) to (4). Thus, the substitute
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liquid, a nitrogen gas may be flown into the heating
and mxing wunit 38 by operating the opening/closing
valve 36¢c and the flowate control valve 36b. In this
case, it is possible to stablyZ? and reliably supply
the predeterm ned anount of the generated 20 steam of

(] bst te,l d he 70. 0113
Re it RBbLELaH o st s Y i L SR Es P atag g pul Caditions
tafea)surroundl ng the wafers Wcondenses on the

sur aceiog 5t waf ers Wwhi ch have been drawn up
fromth di dnl zed water 25 stored in the processing
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e LS g SR 2 LR bIE A0t R0-ThE above

angor@itid®s (g teal3)Ndasntbddrbed innthe FMrstoeasbdédiment, the

geg%géses ?quné deionized water) to be substituted can be stably
and reliably substituted with the substitute liquid for a
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 liquid to be
substituted (when the condition (1) is satisfied), as shown in Fig.
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
can more easily enter a recess 8, as compared with the
deionized water to be substituted.
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15 liquid, it can be effectively prevented that a
conposition of the mxed liquid before evaporation

and a conposition of the steam of the mxed liquid

differ fromeach other. Thus,48he substitute liquid
applied to the wafers Wwi Il satisfy the

aforemsTbi qgﬁd conditions (1) to (4). 20 [0116] Wth
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t hg. dei oni zed water to be substituted, the substitute

l[iquid re rapidly extend and spread over each
surface(‘@gjﬁﬂe wafer W In addition, even when fine

irregul arlidsf;,eSt G@rgj@?medsthad thezﬁsmf Jtutechigasd having a
wi.ring patterns are forned in ch sur e,.of .th ,
welPEh B haefiB, iFPlaed SREC2E3R8 Lty Swhich has
erieEnanr gonsescbt8wia‘$ thengartacaviof hthenevatihr Yiwed! then, and
wat er t e substituted. 4 011 In diti en :
! redtanists Anet SPTeats o iong dhabadtdrd ALY Wk o this
tftgist@,{ tl’?@q?r@fcesssﬁagimmdﬁnamihg subpbittives ontdadheurface
su itute |iqu en the condition (2) is.satisfi

S O% e Rare (ehE ettt RSTheridint younSiifdted’ bith the
reddhstveuteoliqoedt of the substitute liquid and the
process dq%ﬁ can be elimnated, wherever the

process remains on the surface of the wafer W
[0119] WDpdEhtisularn d svisuppesttetrhad bddosuied iinw surface of

S SEbPNATRa oI KGR AP SRR el smatier,

sushacehefe tdre waletr oV vatesseharxtemtingekn eaddiraation other

SIOtrheaar(ils’a ar'xc?rn a} WFneSlgipggteio%f o%hae p\li%f:éersx}/yfalcg Bpit%e wafer W,
from a microscopic point of view. Thus, even when a wafer W
is held such that a plate surface of the wafer W is oriented
along the vertical direction, the condition (2) is greatly effective,
with a view to improving the substitute efficiency.

[0121]

Further, when the substitute liquid and the process liquid
to be substituted with the substitute liquid are soluble in each
other (when the condition (3) is satisfied), since the process
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
of the wafer W is covered with the substitute liquid, as the
substitute liquid spreads over the wafer W. Then, when the
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case, the process liquid remaining on positions on
each surface 15 of the wafer Wcan be nore reliably
substituted with the substitute liquid. [0120] In
particular, a wiring pattern #4 be fornmed in a surface
of a wafer Whas recently becone nore conplicated and
smal I er, 20 and,t

ropsluse 1N RgFEnBRaafon ortte ARERSUiTade fRPETof the

a oplrpd € BT frRe avaffert e anaf &5 |\Welyftornaenitbreofioeprecess 8 in
poi nt of view Thu

PHuf I g o"asmenbo vl SRnioiar crewiactss Bl s ‘HeBoived
a'lﬁﬂéll tt'h%f]\c/g[]bstimhté“ neptidoncoveingpndhei qmrc(@sg sliquid, in
grlwoieat ré@tnée eggxmlg té}ﬁwo{/mgtmh I]?tvq{e%%gsrdb Ov'epﬂghhg into the
syeskistuge | Mgl anreotrbngr beetlsisl iequbdditmerte the process
substituted with the substitu I|q idare solu "
et ofﬁmalnm@rpraﬁ@ecmﬁie{.{sﬁ Hes riafe JAPLEY arll more
siretiabife quipneEred0 Mtcnw Ghéd@Lm’stztezdewaicanDd t sdbethat the
substituted can _be di so ved i

iRfaces s Bpuideaano iR Era JERd theusdTage: dhHTedvarer w.

Wter)bt[@lb@z]sugstltut ed fromthe surface of the wafer

can be nsi sho

sl i ght a%%ua?sfa'f' Bh@ybpcf I?aﬁﬂnﬁe%%%@ﬁqﬁ@] e diquid,

f%ﬁﬁ%&{sﬁﬁthérait@tﬁbﬁﬁet\tlleme'iﬁgohduheﬁwa(b) toV(i¥d defining
red w e stitute |iqui as,.t it :

%aeﬁg%gaguqﬁlép Stﬁ.‘.étﬁsllwg% qrhcg%& cﬁjél%mzed

Suhtaﬁetttbebgel gubétueut@@,dmaéang snefaicienof sinef avafeshdpein the

e surface o

o astSiesbeesteg! B Ate ALY ML Binaining
gﬁtgisilt?ﬁn\léhﬁerpwg\@ﬂgw |th@gisdtbsgltdrltgsl®d1wﬂﬁ calmté:xe nhere reliably
AL T bRBAd P HRBESS W id Mypgpiuton
'eg%zgralt ESntrrﬁSféﬁzr‘él%ObIZQUSm@I@Q@ddIfOQ aosﬂidmrts perlod of time, a
o e L B Sy o BB LM Yo PRad i s o
mgﬁ?ﬁmgaﬁagﬁtgftﬁ a{é\‘m dQeSptr;bhesstlrtﬂndp}:mdlr?ssubstltuted is
o dUL 0508 sbieced, Pmhe Ebassroht Nl Rlion of
supsitelrtigrdd @H the Whirthics adf sheesvafer afocanebei efifectively
Coggle\t/leg?esd(llrﬁuos (ﬁbedef ItHI "thct that the substitution with the
substitute liquid can be more reliably completed for a short
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]

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
supply parts 75 is stopped, whereby the substituting step using
the substitute liquid is finished.
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the rel ationshi ps between the substitute Iiquid and
the deionized water to be substituted, to each
surface of the wafer W in the 15 substituting step,
the substitution of the rinsed4biquid remaining on the
wafer Wwith the substitute |iquid can be nore

reliabl onpl eted for a short period of tinme. Wen
t he subipiléu‘ﬁipon can be nore reliably conpleted for a

aﬂ_orth pehi gﬁjebeé‘i/@’edegcriI@é@dwb%t\l'tz%t}ln@astém thpreovest been
chis ant ageous i.n terng o ost s,
palascelied 1€ \aimPke (Br BEHSE, 1aMET T, Wiifers W have been
Subég!etdutrﬂ@ the @ry?@igobiaf@d’m?trﬂi tﬁE ijﬁyitrfdhfpart 7fO has been
enbo ni, generation of water s, .on surfage
D1ORkCair B e MEBEET P BB PTBPY DY BBt ARdy 81, the
dt%etbﬁ?tP@flf@ie_ g %@tbstt{)t%ltéllbﬁhmclﬂl_tikgln wism?@edd ffrom the
substitute liquid can be npr elja conpl et.e r,.a
swhstztsltﬁéagg@to?uw%mﬁ%% 78ni yHPN@\b%f{P&'i ’*w%acﬁwretor
betHe_prﬁtfée?dd A boltth tI@éS@ua)_slnitgllneqUHjhljin rng bbestsglalryed to be
provi ded. At .the sane ti t hroughput ,can
CrhsRbato el e SR tRHuResp850 RPN Refy 75, at an
goééﬁiebr{ glﬁﬁig th\%nT'gﬁeEalbét/ét t»ihhilmg.S: Eblrpém@ﬂjlile%&h.lring the
escrj bed above, an ased on a captrol. si.gnal _from
C HANEGHE FSEPacIS 2 taam (et P SHE Bl Dy, &8 started
34y aedd3iharaeéd Peorppeme rglsdtiisitegagealtvasp Bicpants 75.  In
35¢ are operated agabn. Thua_\ the. disch r98 r?f bthe Iread
st 't GSe RN ARRPFPOEES NGt e drying (RRY as been already
supyhhéditey apendtedmsoPphy Revdtstute ligusd oppath the wafers W
wher ehy the su stith{?isng st eg. us}an% ége substitute
| E dTRYTY MR U080, this PrP6esaing R Ke® hbove- descri bed
substityigrms$tep, there has been described the
exanpl e

CXAL© BB 4301 5h S5 SEISEScHRDaYS, BESpy, 198888 on o
begsn&rdd! SiekrAl friorm the tomeroli daviee t4G0 the opening/closing
VAN AR d e ST B CIBR. GBS Bddng ana
75mikpyevienit B8t arenbpecatditr ebothat e sitergemfgadeof a high
supstitute liquid may be started jo.be dis rged
T b RRsebuER o sEBPlisehi Tk di%itg P AOhaAgya result,
eatthé efindidel ngf t{ee digirapopart | TOnds Foaiekdmede,at a high
fj,ugéj%qtfggubé,l ngsrkf?c‘_@tse@het eSa%to(?g[?o%f otfhﬁﬂesusbL%slttltuL}t% liquid
from each surface of the wafer W is promoted. In particular,
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,
the substitute liquid is removed from the surface of the wafer W,
so that the wafer W is dried.
[0126]
In this manner, the series of processes to the wafers W
‘are finished. The lid member 73 is elevated, and under this
state, the holding unit 85 holding the processed wafers W is
elevated. Then, the processed wafers W are unloaded from the
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to be discharged fromthe substitute-agent supply

parts 75. In this case, an atnosphere in the drying
part 70 has been already forned by the steam of the
substitute liquid, when the wdbfers W 15 are drawn up
fromthe processing tank 61. [0125] Next, the drying

r /iRl G B e Barter AR, e fhyecRBs PRy sEhaRQkently
quozcieh;e_eﬁ! awea;blieaaemhtormltheahmda?is@,uranﬁqsé}tw@;'dra]iariregge\r/:/afers
33& %r?e ?“ﬁ\'&%lygé'ﬁ?ﬂgggﬁﬁgoﬁgé ?J@%FPS%SI nto the dryigng
part 70.[CARZ] rgsul t, the inside of the drying part

nt ai ne

70 is ' t hi tenperature, ,and t hus
evaporgﬁcocr?rgfm?hgosﬁ%%t gpm’@ Iryl'%&ﬁﬂﬁi efrpgr?]agg&%r%’t, thE same
swffacks ofist birosaf ef Wies fprstnmrabodimerdr tcaml be, dBained.
accordi,ng to this enmbodiment, as CLi 0 the .
Siee e e EUBSDIIEE oy BRRNG, Aftet tEngbethat is
| igraiadletro than sabstirfated teinshon hefs ulst | pudbeess qligdid, the
( : diti ) hus, . & he it Laui d. i
{ AR NBLE £a mpre ity SRt il Baredl By BP each
besienfaperett tie fwafer ¥hoas coenpadedfwithnthe Proces’30iqhie. In
substitute |jquid i enpy frrom.t he face .
et el ” ey e ath bl PR L 18P sty 255 Akl patterns
t hae fanmeyd in Hdes suirEscefofptive esafer ¥\ t bleevaikstitute liquid
are finished. The l,id nenber 43 |s,..elev d und
F i 5a805; enltef e, BRORSS, s obattier iegiad0es " Rlrther,
prsicess et ewafudrstitiwties licalidv dtasl. a THensityhdhatodesequal to a
waf ers..W a oad fro he 4 hol di ni. .
TSt MR BREFeb TR, < ShebapEncss ihuiE  eng the
arsulpstateck digquide chal diengasgiiy kedndithhesehvaftbes, wilthout
are_sim. | arl biected to t p oo
ackerd hALEhR BB Byt o PBEREEATS Rtothss Tiauid can
ef éasily moviehbamothée lmiffacstofetibedvatert Wamtbethe substitute
obt ai ned. ~.Nanel si;nce, the substitute_Ljqui :
SuliBLRE"; SiaREhte SURETELdH RUPA; Fal' Ba|IV; kRe8P e area in
t engiioh ttfe phecgsotiepddl taqbiedsubsEtutabsenaires &5 qued as the
can_nor e r,api.dl xt.end and rea el,, eac .
caprdRess Y LRl ifaRBh SRESAARL T HL diibeagnter the
| i gubdtitlite 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
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
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
the steam on each surface of the wafer W, the substitute liquid
is applied to the surface of the wafer W. Thus, the amount of
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addi tion, even when fine irregularities such as wiring
patterns are fornmed in the surface of the wafer W
the substitute liquid can easily enter the recess 8
of the . irregularities. Furtherd7 since the substitute
liquid has a density that is equal to a 15 density of

the praocess liquid, the process |iqui nd the

L e o T s bl e I RLEE e seflea kit Hareasads

W thout [Qued3@p influenced by the gravity. Nanely, the

rocess Jiquid .can easi|. ve, fromthe. surface of .

P ont din ARG el Ty §nld BbAGIEEL e substitute

tsub@mid @tred Itlh_eumal%@@ss gia:&iih)éa?e:ﬁflua@meairneeaich a@hmlﬂ:whereby

rogess, r.lqula.to upstitutea,re I NS a wel . .

s el e PR P HEse (i Gnren Reagpixed with

eagatly @mieel (Meus, Sthstjriodesd iis&lidi,rehhgirnhgpeﬁSthe wafer W,

liquid renpiping on each fer can be rapidly and .

R r o SBPPL AR E el YIS HPEIRESLBE Y idareMAin B in the

;géd@ifs ghef Eﬁ@gﬂ@gmliaqbt{i/\?s @“Itz“? v@@MT @faeldbferﬁmﬂkéhevr;/ith the
surr.ace t.he er us even en the

* TSGR, Jlaflls Bl chmdugys Bksandsy an Kb riads, aver the

pregeaceonft fige Wwakeer Wv.i n To{dtelis Wy day, ath@eenedriviterof the

the water (is | _contact vvlthﬁhe waffer \\&n’%&n QE 30 titut

r RGPS ALEY inTgP§! M GEn &t he WefGAt Rs tREn Sppstitute

r elm@luki_abtatn{]etsér Eﬁumed?;r [Q{kﬁﬁiotelglt a?m;;rtdsz;ln,a@odrdtingt hto this

Su (AL eam ol - e S Stltute | | 0

sremiodifasnli Thel Redcaserauid fomainiigonnatag Wafengv can

ft@emdmreacm?i@nzaf@n?; M@ﬁe}/\af@lna%hbabs?halt%lutwnh the

I qu | ,e surrace o, wa r

Thelbstikute fgis sp that the Rrodass uawid cea be reypeyed from

cathdeureaes loiihe defeeaged. [0130] In addition,

accor di n[g?%g% hi s enbodi nent, the substitute I|iquid

and the s liquid are soluble in each other
wher eby Fértihee, suhsddridihg | t@ui thignd ehhbodi®eeRs since the

| S Bl SH thrkreloele hag THE' orealt 8RR, the
anpubstiefité hirgpidceemdinamgd grenendi pafer Wie canecless rapidly
C Bl bhee o WhaRbY PR o B e east s B B ray short
sppefids o¥ermighe

[0132]

The second embodiment relating to the batch type
process can be variously modified.

[0133]

For example, in the above second embodiment, the
steam of the substitute Iliquid is discharged from the
substitute-agent supply parts 75. However, not limited thereto,
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
(nozzles) 69 and 75, the ducts, and the pipes in the above
second embodiment can be suitably modified. For example, in
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10 surface of the wafer W That is to say, the

entering of the process |iquid remaining on the wafer
Winto the substitute Iliquid can be further pronoted.
Thus, according to this enbodBnent, the process

liquid remaining on the wafer Wcan be nore rapi dly

and nore reliabl substltuted Wlt

I itgﬁl (f‘f]bovoet%%(foe((ij]e B?%%%'STQ & qul}rﬂe Eﬁ Z%é freaonrg the
t b esnirdadcéqaid tdre Widavanyed B thléucbhemorammrc@issgliquid
to this enbpdi si nce the u i Liquid j Co
PR3 BETRe Chan HAYERscdiat THTed b the Yeionized
substart uhe thquittemeoal Higogd omayhé ewdfsrh akgeah fbem separate

el ERST B DBHEDY L MBRGQl CHe0G skt tne
ersudbtiene tiguad i agdt the hethegeh gapeareslipcheegedcmom the

b I 0133 F
AoBNER DSBS TR SRy, e TndalBLiF oy gvay of
I i@uaimﬁpils di sihranigaiteldr obheheto,subst ittebes agénthsuppbygtitute

Liqsldt %pé:'_qgﬁe&t itr gfe d%tﬁ%ﬂagb% (élgghépg@d fchm separate

sqﬂﬁjgtimte ak_:;leqmsuppmwpbetsjl scharged fromthe
substitLtItOﬁ-gngnt supply parts 75 toward the wafers W

[ 0134] ition, the structure of the respective

suppl y fdartke 350(/aoemtasd|rﬁénandthé5e has tnieensdesmrdbed the

LIERRTR 8 WIS BB RTERN o S, Bral inds of
Smnmﬂmﬁlqlmdteldrhendglm zedtwalter tlemdchédeng and mixing

orgtieds seivifo BT Ao v8TEet AR P fag plural

thamltsooftsneb@tetm -fiquiid velieeneabs ddee noixead @ald IHepted so as
e AR LA PR SuBaBR Tl Fowever, nor
SUIlnstltéththelreqou tt mﬂdoltl‘aways wmesgasyaﬂmtdttsemmgaege units
508 R gy Bt o SeRQe R pBURBLY A SBmenss. A
staabstifutene |aphislt | fotraed by m|xmg the plural kinds of
substitute-liquid elements may be generated in advance, and
the substitute liquid may be stored in a liquid supply unit.
However, in the case where the substitute liquid is previously
generated by mixing plural kinds of substitute-liquid elements
and stored, there is a possibility that the substitute-liquid
elements may be separated and/or the compbsition of the
substitute liguid may be changed, because of difference in
properties (e.g., volatility) of the plural kinds of substitute-liquid
elements. Thus, when a substitute 'quu'id is generated by using
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.
[0136]
Further, in the above embodiment, the substrate



liquid and the nitrogen gas nmay be di scharged from
separate 10 substitute-agent supply parts. [0135] In
t he above enbodi nent, there has been described the
exanpl e in which predeterm ned9anounts of plural kinds
of substitute- quuid el ements are sent into the

0L B Bttt [ BeR Pt PR FKiTng and
suhdtingutait B&usdr\elr@mmtb as a Mnea&éra:ndd reahederso dewever,

HOUES RV, ety 3 nubBFte BobeREnd Milratus S0 may

. nénekskg yhedahgt bevstes agis posieds orarthali repepestiveorducts 34a
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S A esn e ki A T iR Asdike) crppested to
stthszt |rte1specltl\.cm|<diuetserrmas ared BBageret atleel isnbstltute agent
SRR, 3ans NERER ehe EYsuURE A5 aAL ERIRERE in 2
suigptidt lxtatél mayl be pespeotnsrleyy beatedt s0 las moxmaparately
DB SSElrr BEL A A PMELRBE™ ST 288 hure-agent
fhtéjehhémntoﬁi- Ia:mﬂid}emaﬂfmemtsheayh?s geparated zsmgéms of the
IR TARESL BE Shpb R rer et [GiBme s TR (E mpixed with
e e e T ey o2
emen
ypaatesd Sl ofr T ottt S, o REOR YRy, the
ofsmrbntferzz}:h:r?ma%estalgggf aggailrtaﬁ?spﬁﬁt n_erayi lsnclusle a tn;ixing unit
P Gh R B LR ARV ERh e Bt AbE et e i e and
byth@ ns wiesti futie<iage nni 4y p piyxi dgctle82cepnd naedieddteng device
PS80 o B BBl BNl PRV Hh posivion
prdowsstreprappheamixing unil uddamély, axsunpsetutehdiquid may

it o G iAtel b2, Hixind” Afirbla%ifhe, 87 RbSHie-agent

sufighnahts pnoaeHguind Mal;aamld HBlerenfter nﬁmmﬁstamtegliquid
devi ce?POedl S%%e‘ﬂ on the res ective ducts 34a 5

3554V, gs%n% %9( per?ﬁe;(lq]gstoeeq;ncé))f RE substltute
cdmuen;t ed Iho thiese meua‘mtauenducttme Sdaxamgl Gﬁat asdptéferably

bSt ' tﬂtagt g%ga%lt Sy 1 gugﬁt ?the'\ﬁeauﬁg and mixing unit 38
|n Flg 4,

[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 Ilimited thereto. As disclosed in
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]

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



liquid state may be respectively heated so as to
separately generate steans of the plural kinds of
substitute-agent 10 el enents, and thereafter the thus
generated steans of the plurabD kinds of
substitute-agent elements may be mxed with each

gty & BBl ShECUIB PRl Ty 5 17Re8d tereto.
AlAerdiatiosdd/,int BR209GbSHGS A, mhecemsung amqarlmms d@ionized

co‘&ﬁt%'%le[g‘%s'o %neg@nﬁtegnSEQ 3‘%@%8& hg]quvgge}, process

Sub@ltlid tﬂ&/ dgesubstitptydducth 8i2e sarbbtatuteatiqoid deilse in this

5 SROREL-B 8 MR SROSIbGRBRL G P2ahatic state

Su\bgﬂim lﬁaﬁtldgie:wltderm‘}oremegglmTai ednidytionsi ?11_31) pd_a gl defining
t t ) .
2 o RRb RSB (63,5 TR, Uy SOl g chemica

hela@edd {prasety lijgniat)ate bestsed) dhet eéfenibscotngsponding to

liquid, In these. ific I pg,u t:

or e g - R e sH st Y eSS dnphe ingependently
10 hegbtdigieand m xing unit 38 in Fig. 4. 25 [0137] In

t he abov&fgé?nd enbodi nent, al though the wafers W

are rins . for exanple, imrersing the wafers W
i nto theHedeiraboes, waherest bieee | hadre pleseibédg the two

tank 61,. the enbomentl not lim er

i SEnSadi Bits o 33 odhies sebBsaRon | SxafifhiEs 1 e qupstrate

|n I—olc@sangpra)ppaaaﬂugquaddsmm ysphstrateucpradesising method
ers can sub ect ed

nsi
15 o aehardingg ta” af oRtese Tt nkBrfisli, o HEWRVEE, 85 dgpcribed in
thawelrymlmgalpauartGQf &ﬁéS&!escﬁ*ﬁpﬂmm Imefr rbee, ernbadiments, the
above see i_ment I Nsj p
medR®lige 'a?rblepgﬁ 38d %@%ﬁra ﬁm.pcfﬁcregf%ie%wa@gm@d the
of sgb@lmit% p&@deiﬁlagemb@mmmCGOSdmg td theepredenteimvention
As . di scl ose JP2005- 5469A, rinsing. ste
doi DIl ke &0 Hay Gecomai e s Ikl RIE hmfeonductor
20| | quiféras Farpsxasgde, |Wldlblt!h&ml)seb@f aubsbstitu ez agertt having a
the substitute |i ud Al n | [ . by .
LopeBiTisitheraRety fxcraah oAbty ghibsosEdbeluid? which
whiremsialsi fri es  shbesafateemmidessed dondirteams ¢fl)ther process
(4% qd(?fl,m ngy be substituted with the substitute liquid, and the
substrate may be continuously subjected to a process (e.qg.,
25 process other than a drying process) based on the prominent
property of the substitute agent.



the rel ationshi ps between the substitute Iiquid and
the chemcal I|iquid (process liquid) to be used, the
effects corresponding to the above-descri bed
respective conditions can be brdependently 10
obt ai ned. [0139] Herei nabove, there have been

descri bed the two enbodi ne ] the application
exanpl es of the substrate i ng appar atus and
the substrate processing nmethod 15 according to the

present jnven a t he

Pt ol Abalssrath e Reessing PRAETE ol Brisag heon s,

thg ﬁpmnocc&tssmngcﬁsubetrsatlesbyaa evxr/]@igen;es& ng appar at us
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processi ng nethod according to claim1l, wherein the
substitute liquid used in the substitution of the
wager  The substrate processing method according to claim 1,

wherein
the substitute liquid used in the substitution of the water
is more volatile than the water.

4, The substrate processing method according to claim 1,
wherein

the substitute liquid used in the substitution of the water
is a mixed liquid of a water-insoluble liquid and a water-soluble
liquid.

5. The substrate processing method according to claim 4,
wherein

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.



and the water are soluble in each other. 3. The
substrate processing nethod according to claiml,
wherein the substitute liquid used in the substitution
of the water is nore volatileée2than the water. 4. The
substrate processing nethod according to claim1,

rein_the substitute liquid used,in the substituti
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I |qu|edeand a water-soluble liquid. 5. The substrate
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The substrate processi ng met hod according to claiml1,

wherein in the substitution of the water, a steam of
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surroundi ng the substrate, and the steam condenses on
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9. The substrate processing method according to claim 8,
wherein

the substitute liquid used in the substitution of the water
is 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 substrate is generated by supplying preset
amounts of the respective two or more kinds of liquids to a
heating device and heating them by the heating device.

10. A substrate processing apparatus comprising:

a holding unit configured to hold a substrate;

a process-liquid supply part configured to supply a water
for processing the substrate;

a substitute-agent supply part configured to supply a
substitute liquid having a surface tension that is smaller than a
surface tension of the water, and a density that is equal to a
density of the water; and

a control device configured to control supply of the water



area surroundi ng the substrate is generated by

suppl ying preset anounts of the respective two or
nore kinds of liquids to a heating device and heati ng
them by the heating device. 103 A substrate processing
apparatus conprising: a holding unit configured to
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supply of the water 53 by the process-liquid supply
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S %i%ﬁge-agent supply part, such that the water
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12I|qﬂ’hh substrate processi ng apparatus according to
claim1l1l, further conprising: a plurality of ducts
configured to respectively supply plural kinds of

li yRi dsThe bebsiratd protessioly apparabes axcaording to claim 11,
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a mixing unit connected to the respective ducts and the
substitute-agent supply part;
wherein the control device further controls supply of the
liquids from the ducts, such that preset amounts of the
respective liquids are respectively supplied from the respective
ducts to the mixing unit and mixed with each other by the
mixing unit so as to generate the substitute liquid.

13. The substrate processing apparatus according to claim 10,
wherein

the control device controls discharge of the water from
the process-liquid 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, and that the water remaining on the substrate is



ducts to the mxing unit and m xed with each other by
the mxing unit so as to generate the substitute
liquid. 13. The substrate processing apparatus
according to claim10, whereba the control device
controls discharge of the water from the

process-1iquid,s |y part and,di scharge of a steam,of
{0 DI Wi | 1T B e B e Vg - cadieriSet on the
supptrpest, such that the steamof the substitute

liquid is supplied to an area surrounding the
substrate that has been processed with the use of the
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demr‘:’cﬁefrucrotrn%rrisﬁrqat:ro' s supply of the

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; and

a heating and mixing unit connected to the ducts and the
substitute-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 to the heating
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.

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



liquids fromthe ducts and heating by the heating and
m xing wunit, such that preset anounts of the

respective liquids are respectively supplied fromthe
respective ducts to the heatirhgp and m xing unit, and
that the liquids are mxed with each other and heated

by the heatin nd i xing unit so as.t enerate the
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clam 1 wherein the hol di ng_unit_similtaneousl .
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19. The gubstrate processing,apparatus,agccqrdi ng to
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processi ng apparatus according to claim10,:
18. The substrate processing apparatus according to claim 10,
wherein
the holding unit simultaneously holds a plurality of
substrates such that the substrates are oriented along a vertical
direction.

19. The substrate processing apparatus according to claim 10,
wherein '

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

20. The substrate processing apparatus according to claim 10,
wherein
the substitute liquid is more volatile than the water.

21. The substrate processing apparatus according to claim 10,
wherein



wherein the substitute liquid is nore volatile than
the water. 21. The substrate processi ng apparatus
according to claim 10, wherein 56 the holding unit
hol ds the substrate so as to 19 rotatable, and the
control device controls the holding unit such that the
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substi t uithéigini the substitute liquid used in the substitution of
the water has a surface tension that is smaller than a surface
tension of the water, and a density that is equal to a density of
the water.

23. A storage medium storing 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 control device, perform a
substrate processing method comprising:

processing a substrate by a water,

supplying a substitute liquid onto the substrate and
substituting the water remaining on the substrate with the
substitute liquid; and

drying the substrate, after the water has been
substituted with the substitute liquid;

wherein the substitute liquid used in the substitution of
the water has a surface tension that is smaller than a surface
tension of the water, and a density that is equal to a density of



wherein the substitute liquid used in the substitution

of the water has a surface tension that is smaller

than a surface tension of the water, and a density

that is equal to a density of .57 the water. 24. A
substitute agent to be supplied to an object to be
processed so as to be substituted for a water

r etfee waltgeron 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
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. 27. The substitute agent according to claim 24, wherein
the substitute agent is a mixed liquid of a water-insoluble
liquid and a water-soluble liquid.

28. The substitute agent according to claim 27, wherein

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.

29. The substitute agent according to claim 27, wherein

the water-insoluble liquid includes at least one of
perfluorocarbon, hydrofluorocarbon, hydrofluoroether,
hydro-chlorofluorocarbon, and fluorine-based alcohol.

30. The substitute agent according to claim 27, wherein
the water-soluble liquid includes at least one of aliphatic
alcohols, ketones, esters, and glycols.



