DESCRI PTI ON METHOD OF PROCESSI NG SUBSTRATE AND
SUBSTRATE PROCESSI NG APPARATUS TECHNI CAL FI ELD The
present invention relates to a substrate processing
met hod and a substrate processing apparatus desi gned
to performdrying processing on substrate surfaces
such as a sem conductor wafer, a liquid crystal

di splay device substrate, a recording disk substrate,
and a mask substrate nost efficiently and wth a high
degree of quality. BACKEROBNBTARN | n the process of

cl eaning the surface of various substrates, for
exanpl e, a sem conductor wafer (hereinafter referred
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sor ESHAD) QBPRGCEAN e Y BERRAT AR BéSsTnaty
sol ution such as _ h fter dried with
an organic sol veiﬁlgb%]}i(}i%@l | cohol
(hereinafter referred to as IPA). Mre specifically,
t he processing includes a process, in which, after it

has been cl eansed Vﬂ’%&gfﬁ@ﬁfﬁﬁ%‘ﬁﬂﬂ]d pure water, the

waf er is exposed to vapor to <condense | PA on the
waf er surface to substitute the | PA adhering to the

waf efpp ﬁr{és&‘x’cr avRBLish ’reg&'{gs £6LLALY r%ge? tag?rgggsaigxtgfx}lg{’éﬁo% and a

as particles are washed out rom
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the wafer surface. In the yl ng process,
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can forma water mark on the wafer surface, thereby

demibeeswiadtyatal feecédondirigh digkiaubbtraod, 4l avad@ik substrate most -
Therefore, 1 in the sem conductor production process,
efficiendymeckewithry high degrecofmality.cont ami nants do not
adhere to the wafer, Various nethods and apparat uses
for processing substrate surfaces of wafers and the
l'i ke, including mneadtsEEKGRIGRINDART't h cont ani nant s,
have been devised and put to practical use, and such
nmet hod and apparatus for processing the substrate have
beenluli el preakss of cleaning the surface of various substrates, for

example, a semiconductor wafer (hereinafter referr_ed to as wafer), is cleaned
by applying chemicals. to the surface thereof, and then rinsed with a
processing solution such as pure water, and thereafter dried with an organic
solvent such as isopropyl alcohol (hereinafter referred to as IPA). More
specifically, the processing includes a process, in which, after it has been
cleansed with chemicals and pure water, the wafer is exposed to IPA vapor to
condense IPA on the wafer surface to substitute the TPA adhering to the
wafer with pure water, and certain contaminants such as particles are
washed out from the wafer surface, and a drying process by which IPA is
vaporized to dry the wafer surface. In the dryiﬁg process, even the smallest
water droplet remaining on the wafer surface can form a water mark on the

wafer surface, thereby adversely affecting the guality of the wafer. Therefore,



in several patent docunents, including Japanese
Lai d- Open Patent No. 2001-271188 (see Fig. 1 and left
colum of page 5 to left columm of page 6) and
Japanese Lai d-Open Patent No. H11-191549 (see cl ai ns,
par agraph No. 0018 to paragraph [0024), and Fig. 1).
Hereafter, the substrate processing apparatus
in dghe cdepzicanductdnpaodsetion aprbcSGmenit Pat entesNary to ensure that
2001-271188 will_be described with reference to Figs.
contgmapgntsido ppyadherd t theswefdroNarious enetdfodsemd apparatuses
substrate processing apparatus described in Japanese
for pxpepsephsPrtere swlacesof-vwatersend she Jike; inglading measures
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houses the organic solvent sol ution exa

0018 parkpeaph 00@34) BAd Figl ujion drain unit 5 drains the
processing solution fromthe processing vessel 2. The

heatldarenfieretie suipirytedproceesing sppdrstussdigployed e Japanese
heated organic solvent into the vapor generation unit
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processing vessel 2 while vertically standing in :
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processing apparatus 1 | and the plura
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processi ng vessel 2, and thrown and di pped into the

proeassngaiobrtidn iatrddubieng pipe2d supplibo $kel pré&srBingd BolufiRint (for
exagn?ISale, pure water) into the processing vessel 2. The vapor generation unit
4 houses the organic solvent solution (for example, IPA). The processing
solution drain unit 5 drains the processing solution from the processing
vessel 2. The heated-solvent supply devices 6 and 6 supply the heated
organic solvent into the vapor generation unit 4. The plural substrates are
conveyed into the processing vessel 2 while vertically standing in parallel at
equal intervals, and substrate surface processing is performed.

In the substrate processing apparatus 1, the surface processing of

various substrates, e.g., a semiconductor wafer W (hereinafter referred to as

wafer W) is performed in accordance with the following processes.



such as a nitrogen gas is supplied froman inert gas
supply pipe 81 into the processing vessel 2, to

. replace air in the processing vessel 2. 2) Drying
Process Then, after the wafer Wis washed or rinsed,
bubbling nitrogen gas N2 is supplied to the vapor
generation unit 4 to generate vapor of an organic

1) Yelfsre@oneeting Rrogcess. g., | PA, and t he vapor generated
is conveyed fromthe vapor discharge port 41 to the
prockdid 2y ofetleeprocessimg vessel Pafer hbepiagt prere puater J in a
water J therein is filled with the vapor. Then, the
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2) Py 'fngcl&ro% safer W At this point, because the pure
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Wnearly reaches roomtenperature also. Therefore, by
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the wafer W from the upper end thereof to the liquid surface of the pure

water dJ.

When the surface of wafer W is exposed while lying above the liquid
surface of the pure water J, the IPA vapor in the processing vessel 2 comes
into contact with the surface of wafer W. At this point, because the pure
water J of the processing vessel 2 is substantially set at room temperature,
the temperature of the wafer W nearly reaches room temperature also.
Therefore, by coming into contact with the wafer W, the IPA vapor is rapidly
cooled and condenses on the surface of the wafer W on the liquid surface. The
condensed IPA reduces surface tension of the pure water and acts to replace
the pure water that has adhered to the wafer W. After the pure water J is

completely drained, inert gas is supplied to the processing vessel 2 from the



processi ng vessel 2 upon opening the Iid 21. In the
substrate processing apparatus 1, since the series of
processes is perforned in one closed processing
vessel, the wafer never cones into contact with the
at nosphere, and the adhesi on of contam nants such as
foreign particles and water marks as well to the wafer
inteugéasepulypipe S8avwbrd tovdryl theemyfadend thefwalee W by causing
processi ng thereof. However, in recent years, it has
thepldYobreevapoestary to insert into the processing vesse
waf ers processed by this kind of substrate processing
3) Woirar BakingiQut Bregeshiunber s as may be possible in order
to increase rocessing efficiency. In some cases, _the
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I PA (hereinafter referred to as "mist") other than |PA :
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of wafers has increased from 200 mm to 300mm. Accordingly, while the

generation of water marks can be suppressed in wafers of relatively small

diameter, such as 200 mm or less, such is not the case for wafers having a

diameter of as large as 300 mum. The processing efficiency of the conventional

apparatus is therefore limited.

By examining water marks formed from various angles, the
inventors discovered that since the IPA vapor in dry gas is obtained by
bubbling the inert gas in IPA, it contains a large amount of liquid particles of
micro IPA (hereinafter referred to as “mist”) other than IPA gas with lower

saturation concentration, and the size and mass of the mist is larger than

those of nitrogen gas. Therefore, the IPA mist hardly passes through the



size of the IPA m st increases. Conversely, the nunber

of msts increases as the size of the | PA m st

decreases. Further, when the IPAmst is large in

size, the mass is heavy, thereby dimnishing its

novi ng speed. Therefore, in the drying process

described in section (2) above, even if dry gas is
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adhering onto the wafer _
wafer surface near the supply port of the TPA mist before the IPA mists reach
the wafer surface which is relatively farther from the supply port.
Accordingly, in the wafer surface distantly located from the supply port, the
number of IPA mists supplied becomes smaller, and there is no even supply
of IPA mists. The number of IPA mists supplied to the wafer surface near the
supply port of the IPA mist .is more than required while the number of IPA
mists supplied to the wafer surface distantly located from the supply port is
insufficient, resulting in the situation where IPA is not sufficiently

substituted for the rinsing solution adhering to that part of the wafer surface

which is distantly located from the IPA mist supply port, thereby resulting in



in the drying process. In the drying process described
in section (2) above, as shown in Fig. 11(a), a
m xture of a nitrogen gas N2 and the | PA vapor
containing large-size IPA mst (liquid) is supplied
into the processing vessel, for application to the
spaces between wafers W As shown in Fig. 11(b),
theagdrivputiontdievdtBAnvaler is intended to replace DIW the
‘movi ng speed is slow due to the large size of the |IPA
m stTharsdatee dausbiciabPAvial swlsst{ttited dof OPaterafleddtswinilh be
a dianmeter of as large as 300 nmare sinultaneously
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msts is likewse limted, and thus there ar
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Japanese Lai d-QOpen Patent No. H11-191549, the organi
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m xture of organic solvent vapor and inert gas in the
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shown in Fig. 11(c), DIW remains on the wafer surface, which results in the
generation of water marks.

In the substrate processing apparatus disclosed in Japanese
Laid-Open Patent No. H11-191549, the organic solvent is heated and
evaporated to generate the mixture of organic solvent vapor and inert gas in
the evaporation vessel without bubbling the inert gas in the organic solvent,
and then the mixed gas is heated and kept constant while it is diluted with
another inert gas originating from a piping, and the mixed gas is then
emitted through a jet nozzle. In the above-mentioned substrate processing

apparatus, the organic solvent vapor originating and emitted from the piping



organi ¢ sol vent vapor which conpletely becones the

m xed gas, because the concentration of organic

sol vent vapor in the dry gas does not go beyond the

saturation point, the absolute amount of organic

solvent in the dry gas is rather small. Accordingly,

the spread of the organic solvent vapor to every
and ¢heerozele ¢drepletelydesoist the enixedrgs acke tibed. i sidbr event,

of the substrate surface takes considerable tinme and
beadvee eher size af thebgeseaues qgegevbssolvgnhppaeatlesis much smaller
- disclosed in Japanese Laid-Open Patent No. H|-191549
thapy thatnef thedenists $he prebleaetelatedite thexgeneradion of water marks
substantially elimnate the nunber of water marks
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liquid particles (mist)”, such as the dry gas previously referred to.
Accordingly, both meanings shall apply when “vapor” is mentioned in the

present description and the claims.

DISCLOSURE OF THE INVENTION

As a result of various studies conducted by the inventors considering
the abovementioned prior references, the inventors discovered that when the
size of the mist constituting the organic solvent vapor becomes extremely
smaller, the number of organic solvent mist particles can be increased
without the need of increasing the amount of organic solvent to be consumed.

Further, although the surface area of a particular mist diminishes, the whole



The first object of the invention is to provide a
substrate processing nethod in which not only
hi gh-qual ity substrate surface processing is realized
but in which processing tinme is also shortened by
using dry gas containing mcro-size organic sol vent
m st. The second object of the invention is to provide
surfacs udrshr etprepsat dysa rymmetioadof thevmichs wah lsnlncreased by
hi gh-quality substrate surface processing is realized
cauing the wainbier fienisto te bwiragse. iWben $he hogaeites!tynt vapor in
adjusting the concentration of mcro-size organic
which| therfurfacetaren afitheenfirgarumippe of niipts ishipensased is frgected
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above objects, the substrate processing ne
condeiodnigl bnigrd-sizeloagamic sofvdrtanispvention refers to a
substrate processing nethod in which the surface of a
subskiresgemong objdck df the irvjertionrig to provwitlh admpspase processing
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of the surface areas of
dry gas containing micro-size organic solvent mist.

The fourth object of the invention is to provide a substrate processing
apparatus in which not only high-quality substrate surface processing is
realized but in which the processing time is shortened by adjusting the
concentration of micro-size organic solvent mist in the dry gas.

In order to attain the above objects, the substrate processing method
according to claim 1 of the invention refers to a substrate processing method
in which the surface of a substrate is dried by injecting it with dry gas
containing a mixture of an organic solvent vapor and an inert gas,
characterized in that the organic solvent vapor contains mists having

submicron size,



i ndi vidual m sts can be increased by causing the

nunber of msts to increase, Therefore, since a | arge

anmount of msts of submcron size can be injected

onto the substrate surface, a | arge anount of organic

solvent m st of submicron size is efficiently

substituted for the rinsing solution adhering to the
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The substrate processing method according to claim 1 of the
invention is characterized in that the dry gas is a mixture of inert gas and
organic solvent vapor formed by bubbling the inert gas in the organic solvent
in a vépor generating unit, wherein the temperature of the vapor generating
unit is set at T1, the temperature of the mixed gas containing the inert gas
and the organic solvent is set at T2 from the vapor generating unit to a jet
nozzle, and the temperature of the dry gas emitted from the jet nozzle is set
at Ts, and the temperatures are controlled such that the following
relationship holds: Ti<T2<Ts.

According to claim 2 of the invention, the substrate processing



m xed gas is ejected fromthe jet nozzle. Therefore,
the organic solvent is gradually vaporized fromthe
surface of the organic solvent mst as to decrease
the dianmeter of the m st particles during novenent,
and the dry gas including the organic solvent m st of
subm cron size is easily obtained. According to claim
methol dédeeibedvianTiadm, 1 tidhehsrsosdriaddeinptiontede diy gaat isabtained
described in claim1 is characterized in that the dry
by bakbhithg the ireera gasiintthe ergdnic selvengaanditite tizedgamis formed
sol vent vapor is forned by bubbling the inert gas in
outapf dhganiest gaisy tmtudinga thepugagien eglarenh gaport combainiag the
further diluted with dilution gas of the sanme kind of
orgpREy sokysat misdr and thgeotasmit salvent gFs tHwse agsmcentration is

lowir Apangaetrabanpolt: Fhetemmer g onegeneuernis wprolled
o ek S OLBE, b s, B A
i ETRERS Y 0 LT BP0 05y BB 805
o i e 15 A ! i e
de@b8&d 5k iAMbEdieod Ble BREZDEIIQes Wit mivteniii, %Bﬁgthe dry

tenperatures-are controlled such that the follown

gad Blciidiagshe Rrighitssol vidntsmikY o8 sU¥mPerba sige 3easfigCatained.
to the substrate processing nethod described in claim
3, Adverdingedo gelairhoBmefl tha irdvenviaporthgesebstiratyy proedssing
out of the inert gas and the organic solvent vapor :
metiord desirtipd ire cvignhiis cbetacterized n thatl thédrpraganikich is a
.sol vent gas whose concentration is |ower than .
mizigraodinert §a5i #ird the oxganinselvent vapeisdormeddyi bukhling the
._dilution gas of .the same kind of inert_ gas used ,jn %he
inerh 338 P PrERR SCITERR IR ot NGROGECHPEALNE B ik 15 further

o AR SH R Dy 7 8 T e v
. P BA 1

S T

miRédg8s §LERCAATH TR thbRRpRE FeHe SRtng SnitCRRET Phd BHxOd gas is

mai Nt ai ned at constant tenperature or gradually
dilzted wadethe dibiiibn ighe, thewehgastine oithetd@htidopad Resdtel Ty,

nozzl e, the efficiency and speed at

the temperature of the mixed gas containing the inert gas and the organic
solvent is set at T2” to the jet nozzle after the mixed gas is diluted with the
dilution gas, and the temperature of the dry gas ejected from the jet nozzle is
set at T3, and the temperatures are controlled such that the following
relationship holds: T1 < T’ < Te < T” < Ts.

According to the substrate processing method described in claim 3,
‘the mixed gas formed in the vapor generating unit out of the inert gas and
the organic solvent vapor containing the organic solvent mist and the organic

solvent gas whose concentration is lower than saturation point, is further

diluted with additional dilution gas of the same kind of inert gas used in the
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which a part of the organic solvent is vaporized from
the surface of the organic solvent mst to take the
formof mcro mst are increased, and a |arge anount
of dry gas containing the organic solvent m st of
subm cron size can be obtained while the
concentration thereof is low, thereby allowing a large

bulblang. | THe GonkbéetratiganifCop@heBslvEhs tvagfn- THEFELST QetrehdR in
to be continuously injected to the substrate surface.

thhediaedigigl whilevéie bbssibility pif condbstatadedfahe drgbfie solvent
di anmeter are | oaded into the processing vessel, since

mithdimirdthe, angutind o mist zen thus be coapeyid/ tapplardtietspaces
t he spaces between substrates, the continuous supply
betofedrarthe wabenst sThdrefurgansinces dempetatwapoo! dhesubixedrgas is
size ensures the rapid substitution of the rinsing
confgplled on maietdingd tad ednstantubemparaturasora gradually increased
ung}aoces& ng time can be shortened while the | evel of

fthe pured es6 1&@%(‘4@ Prose taasiehgiozale; he slidenghend speed at
°§L§%ﬁfglo§*%  ORERE RelBhRaS compoBizegnBeTL Aie Wit of the

Oréeﬁﬁfs ant fishl e %@ﬁt&%fgglflngﬂ FEmRBARE Tl CaPanpd o large
anfo‘H \f:eo'?tdrgr%]kéeco ‘{J,he a ?axﬁt? SoHRRE LA QP sﬁf)m\{\@‘%ﬁ CFI%JE can

S on € SU e surtTace can be arge avol

be %t&%ﬁt whllk ‘%hleyconﬁéﬂt?hﬂ V\% Qﬁeré:df tl?é;‘@%? ! Engflg EMBirge

particles i's elimnated acce ratlngt ryi ng

qURHEIER ST the, oAk O ablvedt adhe sifosulthidan tdigd €6 Heaborltenuously
prevented. According to claim4 of the invention, the

injeuteslt toathe pulntesie g fadeidvoskddegisr ebed if mﬂfipleomemfates of
claims 1 to 3 is characterized in that the organic
largel dexmetes are lleaded onp kKhadpebsingdvdsseln singe dhyp mist of
i ncl udi ng isopropyl 11 al cohol, diacetaone al cohol,
supmygsioRosiye can her vapidkyorppliachia thy spages bftwp@wnbstrages the
r.opanol f %gtrah drofuraﬂ]O and th inert gas,is at
co ‘éﬁ%?u%ﬁ&PR el sareecigunts g ’égfb‘flﬁéﬁ erﬂ;tl Y&R%’g"f subiicron

nitro t.o,.t

sidd, SARHED 8 SRa SRS Bt B8 Eﬁﬁ%ﬁgwum. agihpring f, the
suﬁgl!rgfé N J%%ggofpgé%gs?ﬁgﬁ%u %%ﬂ%rﬁ%@dt\pﬁﬂé BRE Sevel of

I'S broa € Processi
efﬁ@@ﬁ‘éﬁtdfsdfﬁﬁgbﬁr&%lhhgd id Qm\iﬁ%’vé’dﬂs ah'dngécé?ératmn of drying
processing is achieved. Accordingly, processing time can be shortened while
the level of efficiency of drying processing is improved, without increasing
the amount of organic solvent to be consumed, and the generation of water
marks on the substrate surface can be largely avoided or substantially
eliminated. Further, adhesion of the particles is eliminated while
accelerating the drying processing, so that re-adhesion of particles can be
prevented.

According to claim 4 of the invention, the substrate processing

method described in any one of claims 1 to 3 is characterized in that the

organic solvent is at least one kind selected from a group including isopropyl
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substrate processing by any arbitrary conbi nati on. The
substrate processi ng apparatus according to claimb5 of
the invention refers to a substrate processing
apparatus conprising: a-vapor generating unit which
generates a m xture of an organic sol vent vapor and

an inert gas by bubbling the inert gas in an organic

aleshbly divicetonip pleoholyHamethd:or2-gupparndli bthyd ghyesl al-pkypafol, 2-
substrates to be vertically arranged in paralle at
propaual, gid tdteshydrofirasi, agdphe deadi gag iv as dedstwhiedind selected
accommodates the plurality of substrates supported by
fromhe gxopp oncludingsitregen, drga, aoslbelimgp. t he  upper
openi ng of the rinsing processing vessel,; jet nozzles
whi chcegrding b the sabstrata prodegsingnamethod depirphetyimvaladm 4,
al .ows the_vapor generating unit, and the jet nozzles
the geleghiorimideh of therorgantasabrentrandiihe inest gah i bropdened, and

o B BB o S BN B BPRHA. o Shr inde of
e gi ed vvistih eatersr, f\nd thebhe ters are control | ed
sulf RSl DS RiRAr FHEEIEI o a0l vent ot
! . . c . ; | ot .
ChoofF, 100y SEodelng, SN FABARE ELQRRE G he
inHet oy P@Qr% RoCh &hFsBate Fﬂ?@cé@%h%%%gggﬂéfaég?ﬁp{)igﬁ)g: a vapor

organi c solvent o subm’cron si

geh @Bl OHitCRRIOLENAatdNE thBdhAd 6f Whi drBaRiCsdan $8sbr and
at appropriate |ocations, and thus the substrate

anfnhectegad by babblingt the igart gasid ¥naaghpicosdlverdth€upport means
substrate processing nethod described in claiml. :

for/mpgodting a plutaditynof sobstrages tovbatvievticallhersauigetiriat marallel
processi nﬁ apparatus described in claim5 is

at gparadcpiehesdai pinsked Rrieeessémpevessel avhich1acqomemodpies the
g(gf,era ing unit is set EgDQ 1, the tenperatuyre_ of the

plyrality 0%?5 Hyates suppprted bythesnprort meanser drd fos coveripg the
| et nozzle i et_at. T8, the tenperatures bein ,

UPREh FRSTIRE & ARE, FIREINE, PIPETSHW nFSreh JEt RO MEhigh. are

[: 1< g ACCor di ; i:m 7 the jnvention,..the .

praYigs 1 RO LR BLAC AL W BBt (LR g il Sumie
St 362 H0etTE o) b m%- &S KGR0 L RhPb ! SindC

ant 0 thiém' ddl g portélsllonn 0 lcﬁe%?i?st pi p?%é’ f%%ll%1 %%ﬁ%@&ate

prévésPidgeapharatus is characterized in that the first piping and the jet

nozzles are respectively equipped with heaters, and the heaters are

controlled by means of dry gas containing organic solvent mists of submicron

size being emitted from the jet nozzles.

According to the substrate processing apparatus described in claim 5,
the dry gas including the organic solvent of submicron size can easily be
formed by controlling the heaters which are provided at appropriate
locations, and thus the substrate processing apparatus can easily carry out
the substrate processing method described in claim 1.

‘According to claim 6 of the invention, the substrate processing

apparatus described in claim 5 is characterized in that the temperature of
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supplying dilution gas of the sane kind of inert gas,
wherein the tenperature of the vapor generating unit
is set at Ti, the tenperature of the first piping is
set at T2' fromthe vapor generating unit to the point
in which it is connected with the second piping, the
tenperature of the second piping is set at T4, the
thd eapar @drsreting ddie i kétsat Wi pibrgtdnspaatudd of the firpibhiee is
point 1n which it is connected to the second piping
settat Thenddhzltemppadtireefthaperadazieis dot i, tlod tempedatures
is set at T3, and the tenperatures are controlled such
beingabntidiledfssichdhiabghe &llwingsielgtidrahds holids: ¥1 E2T2 < $T4
< T2" :S Ts. The substrate processi ng apparatus
deschtdsedingn tei ¢labn 3f ok ithe ninvendion, theaaubsizatey pracasying
out the substrate _ processing nethod described in, . |
appanatas desciibed 4y caigr S3is pharnctenized it dhat i secondpiping is
i nvention, the, sybstrate processjng .apparatu :
coniested Hadthe, Bidillen Bottion GG, ter SHFLQUDINE (Waithy BRERISE Of
m.xer is., provided downstream.f.ram t.he i nt of .
suRRg FIRERE: RBEnof HEer SPOE JripnGT AC: Aos.oatisigin the
Lpi n m. | : . Of .t ' e
terfp i SOP P SR eBe i BR RS, ittt 4T Bhe PG fnare of the
e BRI e APPR SRR IhERAB0! BBl FhiTf b8 poing in which
it BQUoNeBEted With BMatekBRd PSRRI €he BAMBBFatdRS oftlfe second piping
sufficiently m xed to "obtain a honbgeneous m xed gas
is SdtneTd, hRe $émblefatiiry &6 ths fiREOpipdad is devwmsTy eadmf thepoint in
t he point of connection between the first piping and .
whitle it iseonndctedgiortye anchndpipiegmv the neszdeciandthd tenpetature
nozzle,. Therefore, the formation efficiency of the
in fhe jet nozzle iss¢thpl Sueand tie pemperitvges ere centroBedsuchdhat
i nvention,_ the substrate, processin r[ppar at us

thergaltrvipggelationmpinhelds Teral'ne b £42 ’85ia§° charact eri zed
S ok b
G S50 B RN e o

cldifgrd o9as is at least one kind selected froma group
i ncl'udi ng nitrogen, argon, and helium

According to claim 8 of the invention, the substrate processing
apparatus described in claim 7 is characterized in that a static mixer is
provided downstream from the point of connection between the first piping
and the second piping and upstream in respect of the jet nozzle.

According to .claim 8 of the invention, the substrate processing
apparatus described in claim 7 is characterized in that the inert gas, the
organic solvent mist, and the organic solvent gas are sufficiently mixed to
obtain a homogeneous mixed gas since the static mixer is provided
downstream from the point of connection between the first piping and the
second piping and upstream in respect of the jet nozzle,. Therefore, the

formation efficiency of the micro mist is improved.
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According to the substrate processi ng apparatus
described in claim9, the selection wdth of the
organi c solvent and the inert gas is broadened, and
the substrate processing apparatus can be applied to
various kinds of substrate processing by any
arbitrary conbi nati on. BRI EF DESCRI PTI ON OF THE
DRAVA B§8Bd gy -to Lcliatma Os ef tthenflventivn, stiewvisaBstate processing
substrate processing apparatus according to an
appatzdds dentribéd thenynwenof dajimFisgto 8 ik sharsdtedzed éwthat the
showi ng a processing vessel referred to in the
orgarhodpivent 1oat ldast one &md selectridgfrod & greusindudingvisopropyl
showi ng the processi ng vessel of Fi&; 2 when viewed
alopheln dineetopgoslicobols lgmethpxy-2-propenel, mthik ghireht bmropanol,
view of the processing vessel referred tg in _the .
2-2RBARP et &fetr@%ézﬁr?fq%w ardvwiias ipetweas i gih ast e kind
portion of the .lid.thereof; Fig. 5 is.a_side view of
selpRied) f2m; 3 Eriath including THP9EeR, SR 5% R o
showyn tim chart .of a series of progessi,ng . .
ot ephBébrRing B8 0% K842 nrBe S Rpbir bl R oS bip cloim o,
: c ing.:
ihEp e, B BRFIANRL oo bR W B0 Bjadenca, and

thé | dubstra] ﬁ&c@@ﬁn?%?ﬂ&aﬁﬁ@cé’éﬁ b dragpﬁed?éoc)vairﬁmg kinds of

sectional view ilTustrating the ng process

subdt@ate/pbeetsing byaaly afatravy @¥nibihagbaati ng the drying
process 3; 14 Fig. 8 is a sectional view schematically
showi ng the relationship between the |IPA vapor and a

substrat e BRIEFEDUSCRIPPICN B THEDRAWRN@SSect i onal
vi ew schematically showing the relationship between

the | PA vapor and a substrate in the drying process as
il umgF.aI. eflaigectibhal vidw YWheRirh b Wdbatkalé tﬁ@%%@ir%%ppa?ratus

used; Fig. 10 is a sectional view show ng the
acardirentd anzmludisicnabétheimeasingg apparatus; and

Fig. 2 is a side view showing a processing vessel referred to in the
embodiment of the invention;

Fig. 8 is a side view showing the processing vessel of Fig. 2 when
viewed from the opposite side;

Fig. 4 is a plane phantom view of the processing vessel referred to in
the embodiment of the invention when viewed from an upper portion of the
lid thereof; |

Fig. b is a side view of the lid illustrated in Fig. 4;

Fig. 6 is a view showing a timing chart of a series of processing steps;

Fig. 7 shows a cleaning and drying process, Fig. 7(a) is a sectional
view illustrating the cleaning process, Fig. 7(b) is a sectional view

illustrating the drying process 1, Fig. 7(c) is a sectional view illustrating the

drying process 2, and Fig. 7(d) is a sectional view illustrating the drying

process 3;

14



Fig. 11 is a sectional view schematically show ng the

relati onship between the | PA vapor and a substrate in

the drying process of the substrate processing

apparatus illustrated in Fig. 10. BEST MODE FOR

CARRYI NG OQUT THE | NVENTI ON A preferred enbodi nent of

the invention wll be described hereafter wth

ref efignc® it & sbetichidWiess scliomavieklly t i wiubstHeakSationship

processi ng nethod and substrate processing apparatus
betmedear thedRAovaportdrel esbbsiraenin diedryinggrycassed as

exanpl es enbodyi ng the technical idea of the-invention

and Fig: & nota isattéonbddview Ischemativellgpgidwiaki thd yelationship

the invention as the invention can be also applied to
betataear theoddsvapartand aa@baﬁratmgx thodriing pseerse asfillustrated in

claims. Referring to Fig, 1, a substrate processing
Fl%@pa‘fhﬁrhél ’1@03511@98813169&#%%@# or pr oceSS| ng the

sem ond Q:tor vvaf whj ch represents an examl e of

& b 65 FnacqAA- ‘et shoige § conyrRoRrl eRbstrate

prcgcsocesses of, etching the wafer Wwith chem cal s

F?%ﬁﬁﬂ?@%%@fl uoric acid treatment to the surface
ft f h d ' . .
ar yi b "B 5L e KochisHal Wierk Rl ticallr AR RREMIG Hlesiomsbin
beﬂvﬂ:fenoﬂgaafpﬁvé}?érve?xm a s"ﬁﬁgt E@ 1111 'tié@ drylggeﬁ%c@s%?%ﬁg 'sUBstrate

steps are con I nuousl y perrtormne Ies In

prd¥e86ias s piarifsstlusbatedsn FigWMYpI N Figs. 2 to 5, the
processi ng vessel 15 is placed in a 15 housi ng chanber

11 having sufficient capacity with which to

acconmpgaeM A DE PORCARRYING ET TIIEANVRNIGERP! | €s
t hereof (not shown), which include an air

condi tioning device in the accommodati on chanber, a

SUPPAYrefH-EE emMbdside At BP k& $n VAt %IH fHéC&és%yB%d hereafter
solutions to the processing vessel,

wittorefeydmg teeideadiasvingdheHpmeses, Sﬂhfé%d&ﬁx%% prBcessing method
conprises an inner vessel 20,. an outer veéssel ,

andnsilstratt PDoceEhimg appara/celsseéfe%di $o fiowr tRel émbadiment are
bott oned box shape, and the upper surface thereof is
mezglyouestl a9 ksampler embedwioig 18 tachninahddea blthpierention and

out er, perlgher of the inner_vessel 20 and the
are not intended to limit the applicability of the invention as the invention

can be also applied to other modes without departing from the scope of
claims.

Referring to Fig. 1, a substrate processing apparatus 10 is an
apparatus for processing the semiconductor wafer W which represents an
example of a substrate. The term “processing” shall include the processes of
etching the wafer W with chemicals, performing hydrofluoric acid treatment
to the surface of the wafer W, rinsing the wafer W, and applying drying
processing to the wafer W after rinsing with the organic solvent, and the like.
These processing steps are continuously performed in series in one
processing vessel 15.

As shown in Figs. 2 to 5, the processing vessel 15 is placed in a
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openi ng of the inner vessel 20 is covered with the |id
30. The inner vessel 20 and outer vessel 25, which
are made of material which is corrosion-resistant to -
t he organi c solvent such as hydrofluoric acid and |PA,
e.g., polyvinylidene fluoride material, are
accommodated in a sink 29. The inner vessel 20 has
hossihki ﬂia&ﬂberdtpﬂfaviﬁéhﬁm\éﬁlb@d@ﬁ}ewﬁ)ﬁmm@i B8 ac@®mmodate
dipping a large n er of wafers W(e.g., about 50
‘thevateressiip veeelhts anddiaoedoriesofhersof @ogehasmn3O@hiah intlude
the processing solution while being held by a
ansaibsonditéortiog diavié2in ske afeqnni)datidnpeloosbet, rgsupply source
solution drain unit 21 and a processing solution
whicipghpplias vapipuamyopessingleelusivnshie Hist pracepingivessdf and a
t he inner vessel 20. |n the substrate holder 62, the -
Wa&m FenvelaRg rBetanism. e pregessingeyesseh 15 omnrisesgn dnner

L e S
61
oo b ke RSt ?gﬁ%ﬁ A St

veajfgé?g g&ﬁﬁds[z ﬂqetb%%pe%r i tgf21 gtﬁqh}e{lr%li{gv_sétsr alt‘{f%%nd the
op&iie"eF Rl Clwgl.ﬁf V@Q%'l thqE cbx?‘efeﬂddvﬁﬁtt%% 11@39 ’Pﬁé{ inner vessel 20

Posit1 on I NSI Ng process posi

anditeAVEELeRS5, R‘h‘i‘&?aré:’ Aeldel %ate‘i‘i‘al&hﬁlcﬁ}’ﬂ 'cﬂijt%rsmn—remstant
mechani sm may serve as the lifting neans 61. shown

to the brganid solieht isptle awdfydlr6flasdc ek an@UPAOE. gt f}ﬁ)lyvmyhdene
substrate holder 62 by neans of a noving nechani sm

flubfideTineterdal, rge FemhanbdateddOin 4 sidlu@@s pl ural hol di ng
pawl s 501 and 502 coupled to a robot nechanism (not 16
showhe inner vésselBP drs sufficinet depiidtonallewd stbstarate processing
predeterm ned | ocation b¥ t.he hol di ng gaV\A s 501 and .

by 5PPIng aslasgm numhmrgof waters Wpleod e 88l S8 v afern V) havmg a

S S e AR B S D1
byt SR Pt SReR B2 oY ) R GRSyl iRt 21 and
a %@cgéélﬁ éo@utﬂﬁ? gugﬁgfﬁﬁ& a‘f‘gsﬁ%j\udeﬁh& WL lb%‘:to%‘}]portlon of

V|ng i'ns ‘the processi
th& GhHbt GRskdlado hﬁ§ tﬁ@%kﬁt@dhélaeﬁ e, Qﬁ%tﬂmgpwt‘&% W are

the inner vessel 20 and inside the piping. The outer
ventesaley hehl inbaedildl Hyps exssdetk phide (for example) at equal pitches.
The substrate holder 62 is coupled to a lifting mechanism 60, which is
provided with a lifting means 61, and the substrate holder 62 is taken out
and put into the inner vessel 20 by vertically moving the substrate holder 62
with the lifting means 61. In Fig. 2, the drying process position is indicated
as “Dry Position” while the rinsing process position is indicated as “Rinse

Position.” An air cylinder mechanism may serve as the lifting means 61.
As shown in Fig. 3, multiple wafers are taken out of the substrate

holder 62 by means of a moving mechanism 50. The moving mechanism 50

includes plural holding pawls 50; and 50z coupled to a robot mechanism (not
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an outlet 251 at the lower portion thereof, functions
as an overflow receptacle for the processing solution
overflowi ng fromthe upper portion of the inner

vessel 20. As shown in Fig. 5, the lid 30 includes a
box- shaped container 31, the |ower portion of which
is exposed while the upper portion thereof is closed.

shdvith}, iaplce th@heiferscolel legldathd endvednoda @ireddtephing! Rication by
Wean be housed in the box-shaped container 31. The

thebhuldihgpeovls dithaame 508 1A% showdeiroFigred, ethieaproceddias sohution
corrosion-resistant to the organi c sol vent such as
draipdrt |2 oisiequippedl withdan PAtleT24: hadig)a saralbéiamated and an
hori zontal ly by noving means 55 (see Fig. 3). The
ouldpleRilndraving lelargpaliameser Tixpouvtlat Bd: finetéensang a draining
mq(égen,ed through the movi ng nmeans 55, which causes the

aniwot Vel e rapidly oftsshpigesn thee pipgrspingoilvbipnoin the
the . | 20 h iin Fig. 2, Il.n oth .
PrOESSHBE VRSSOV Hy OUBAn I BARRE| EapPilll Flametdt drpias the
oroiet B TOrOR thah AP Py IARIAHE Hecbosdm oot the thner
i i : |} 3 [ hol i i . .
velELR0E Tt BhE oidlBer The JFRThe Ron Sleh I Phiopiceg wien
an'WRitRAt 25 Vatith wyﬁ%{&fﬁd HRerboe fﬁﬂ&%nsvfsségbv%}?lo% rdddgacle
ta (0] t e arter

t hey are en ou _ e | nher vessel
forpﬂfécﬁﬁdeﬁﬁinlg%lﬁﬁé‘%vbﬁﬂ&kzﬁlg Pron? tR€ippRs pdYibAE tﬁg inner

substantiall'y having the shape of an"arch is forne
vedgel Oe upper portion of the box-shaped container 31.
In the ceiling surface 32, plural jet nozzles 331 to .
337 Ahistlowinninelig. bhehellididfemeclugles aabex-shamsdecbritaifer 81, the
directions at substantially equal intervals. As shown
lower poxgion of wirighés gkpesed wailerndezipper3girtion @@Teof is closed.
| ocated above the outer edge of the group of wafers,
Muitiple avafgre eplinpied &9 forae angaipeef waters 3V he doused in the

bR R B ST oM L 1 0 L i
3% 20l Sk LTS EE kR BRI g A b i
orfEIOS 90 Gl 5 UL BRSOt O 04058 e i
3)J;131tr1? gggﬁg%e?fﬁt%u%}%eﬁgﬁgiezo%d@ﬁe RfbskA driieogtidd tHough the
moving means b5, which causes the lid 30 to move horizontally on the upper
portion of the inner vessel 20 as shown in Fig. 2. In other words, the moving
means 55 vertically lifts the lid 30 located on the inner vessel 20 for a
predetermined distance, horizontally moves the lid 30, and then vertically
lifts the lid 30 again to hold it in standby position. The lid 30 moves when the
group of wafers W’ is conveyed into the inner vessel 20 or when they are
taken out of the inner vessel 20 after processing.

As shown in Fig. 5, a ceiling surface 32 substantially having the

shape of an arch is formed in the upper portion of the box-shaped container

31. In the ceiling surface 32, plural jet nozzles 33; to 337 which inject the

17



that they are nearly equidistant fromthe outer
circunference of the group of wafers. Since the wafer
Wis substantially disk-shaped, such di stances can
easily be made uni form by designing the ceiling
surface 32 to have the shape of an arch. It is
preferable that the shape of the ceiling surface bé
inee®FRALIrd laerapd th tdig dire@torf af bebwaheallWdquaaht@vels. As
substantial equality of such distances. As shown in
shdvrg in Figadgns tlse phinal petppozles B3: coBBetdcaded abbhe thebuter
nozzle 33, and the gas supply pipe 342 branches into
edgdwr antie prags oB42femnW’ 34@2n colhmrsaofejehumiaelesdd31j et 337 are
nozzles 33 or the substantially same nunber of jet
armogel et I®stantialinequabinteredshand strheows afijdt pezsdes 331 to
3421 and 3422. In such nmanner, the gas can be )
33w arss alint aranged wé ivpstantiallp gaval Eehtplensughethat the 42 jet
n?zzlgs. /\éet nozzle in which the injection gas is
nozples ddedoadss Peeyaedertigdthepyte riscurfeensg of ghgsupper

o A 2 KRS, SR o o
ek o8 U S o L il PR 2T N e

I. 3 .
hfi ARG bk AR AR b hroRE i Siter Rirbum BT the group of
walf& @SR 18 wae&Z e iP 33bauatiafl H8RXbALEE! stidh Wances can
outer circunference b of the group of wafers W. The
eaflljub@imd R umidadh &y de3igiiag tAklcallRfy surfAde3Z €b hbfg the shape
surface 32, which allows the gas to be substantially :
of v ently. I$ uppiréfechlile thhttlyr shigpeodf thefw@iling\burfate Bheomphtible
- nozzle 33 is basically conically shaped and provi ded
with ttheashapsd of dibet wafem p¥r tal achietienguleridntink resprality r efrsuch
. which the dry gas is ejected. Each jet nozzle 33 is
distam¢9Sped with a heater (not shown). Detail ed :
descripjion .of the jet nozzle wll be omtied because
¢ 85 BBV RPyFiinivih €55 POPPHAND hainadinesisnt i iegel hosale

342 d the b h. pi 342 d, 3422 .b hi f
337 AEATIR A4 seb A PR LB haiebet Hite PR st PO I Ald 3400
) ' . f oo
TR/l rdilbdicor EBRTAEE U OUUR s tantllly AR HIZHGA of jet
noaih'li@% g@nﬁeedxﬁfécwi 80 €80h ?ltheaeeshi figedBiah; 6HEW4,12In such

manner, the gas can be substantially evenly distributed among the jet

nozzles. A jet nozzle in which the injection gas is diffused at a predetermined
angle is referred to as the jet nozzle 33. It is preferable that when the jet
nozzle 33 injects the gas to the outer circumference of the group of wafers W’,
the jet nozzle 33 should be arranged in such manner that the injection gas
coming from adjacent jet nozzles, e.g., the éas emitted from the jet nozzle 332
and the gas emitted from the jet nozzle 333 overlap each other in the outer
circumference b of the group of wafers W’. The plural jet nozzles 33 are
arrayed in the ceiling surface 32, which allows the gas to be substantially

evenly supplied to the group of wafers W,
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controls the heaters. As shown in Figs. 2, 3, and 5,

an i nternedi ate connecting nenber 26 and a porous

plate inserting nechanism 27 are arranged between the

i nner vessel 20 and outer vessel 25 and the lid 30.
- The internedi ate connecting nenber 26 has a

cylindrical body whose opening is the sane as that of

t he Thoysrnopbnidsgisdiagitadly cehidflly ahdped amidprofided with a

material which is corrosion-resistant to the organic
holeainy g tapereddeatipgr efd dhercofafroth whdch Biie drftems is ejected.

internedi ate connecting nenber 26 is arranged above
Eaﬁlhelebofl@%llée pB&t # qovdpped rigithe ehdreaten AnotinsheviovBetailed

openi ng I.S positi oned therein so as _to abut the

deﬁ%@éwnse Fla%éefopoazip rik beempithed bepawds Ehisappblidisknown.
Fulbt e 08 nahSPaTE D Bpostingmdh At DHSh Baness Bdpednd 34z
A i e T
it %peePﬁfe‘?%ﬁmﬁ*‘%%Z%&%;?ﬁi BB £ A R ana
the,I I?l%a%éirsf Qﬁee cbhRE&Rl: tof c&gtg{)l ﬁ:’a@&%si LASE (F@g@ 12 whlch

bet ween the inner vessel out vesse

cordth@ sitRb @lcdeslisat € connecti ng nenber 26 during the
process of drying the group of wafers W after the

pr edks showndd Figh o2 e53ed Rl fritehsbeihte ThendR it member 26
plate 28, which is |ikewi se made of materi al ichis

and @r pooue rplatesmsbahhglmedﬂmwmglﬂn are antarget] twbedshe inner
hydrofluoric acid and I PA, is housed in the frane body :
vessel 20 @l p@t&;"u‘éespelai?@ and the lid 3ouiihedintermediage ngnnectmg
chani sm (not_ shown) and horizontally noved in
megpbed; 43 haahevlindrieal ey wheseyopenings thpaw@nq)éwhawf the

V?%ﬁéér?e%aﬁtlgim mﬁlﬁ?ﬁh{i FAhhe 2h ?}?.Sc% redgig%nﬁ?ﬁ? shich, i
271

T N ATy,

Thb qﬁtéﬁﬂé@aﬁo%rﬁ%ﬁn THERGRR 2871 f;lrfrgﬁ,«':;(?(%< %HB’eree thd goﬁkﬁ%%laf,e

ryrng process part

PBMIPSEDLE D 0lord R AR o
to 3But g udper sarxprofssduybody 27; in which a porous plate 28 is
housed, and an upper opening 26; is fitted in the lower opening 31; of the
box-shaped container 31. The intermediate connecting member 26 however
may be omitted by directly fitting the lid 30 in the frame body 27.

The porous plate 28 includes a flat plate in which several small holes
are made on the surface thereof. The flat plate is inserted between the inner
vessel 20 and outer vessel 25 and the intermediate connecting member 26
during the process of drying the group of wafers W’ after the predetermined
processes are finished. The porous plate 28, which is likewise made of

material which is corrosion-resistant to the organic solvent such as

hydrofluoric acid and IPA, is housed in the frame body 27;. The porous plate
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"X" in Fig. 7), a half-closed state is fornmed between
the inner vessel 20 and the |id 30 by the gap X,

i.e., the half-closed state is formed between the
drying processing unit and the rinsing processing
unit and the sink 29. The porous plate 28 is inserted
bet ween the inner and outer vessels 20 and 25 and the

28iinteupleditateemoonmeticthgniseirest shOwn) a3 horitaitallRenoved in
i nner vessel 20 and the |id 30. In other words, the

a spiding saqirereaszhdwmit Foms2. Eheafrahd bedy 2 kéusing the porous
separates the rinsing processing unit fromthe drying

plate gfebss agptedieterntaed dpngitpdiziali wiglth dim ébe ivertitst dieertion),
t he processing vessel 15 and its accessories wll be

andésgan Bézisgormeddiasvenn dhe dramg body 281 mnsctdespargus plate 28

Rt S A BB e I
connLBE BaPCL R sadhley B SR JPSoth SRS 48 inkrRidgeese part
of WP Y B R o EAEA GRS P 5k 20 o SneRIPRC B e Frnar is
forH bt A the vt PReECAN BB the BE o BRRGE W pawressed by
“x1 irﬁFig‘]g?gsg!Hglf-%sé&' RRltY i9ES ed'%teﬁ@rggﬁ GRL iRHEPV¥ssel 20 and

source 39 is also connected to € processi ng.

theTH B0 IBNthaE4 P8 UCd. Neh e 1€ cRrd d sbdtRUS Pornhed bétvRln the drying
control val ve. -The chem cal supply source 39 includes

praesingainit pndphe aingng peecessinpoinis Aadrthefsdik poe pIhieRdrous
the desired chem cals of predeterm ned concentration :
plate 28 einsaitedt katpeenttirednnBe peridiwgr oessdle 20pand@Searad the
. processing (for exanple, rinsing, etching or
intgxmediaterppnneeiing membep 6 to mastisioaribeadnsen vessed 28cardi the
o of ano hydr.of | uori c acid, hydrochloric acid, )
lidhg{lr B MHR8e the POFeiRs AT 48 ynshentvaser shartbrmmhich
wat er , .sur.factant, anmine organi s%ent . fluorine
serip gl S HPTU Proght S arohi DB R L ne PrecesBEditat o
Sol Uyl i [ vV em gal oul d be,niLxed .
o (sl BER SHBeARRRotISR GR!Sroo St JoRiBLTb 1 s
¥ Anad ' D M [ : 0 tJ :
AcERs e IR Delalio it AbAEte 12 B A DR ARE fifion
inttbauEherpipd LA Ms Wehheéted 16d tHe pAIHSsIHE WORI®In sTPBly unit 22

outlets 211 and 212 are
provided in the bottom portion of the inner vessel 20 and is also connected to
a pure water supply source 38 through a flow control valve and a pump. The
processing solution introducing pipe 221, together with the flow control and
the pump serves as the processing solution supply system, which also
includes the rinsing solution supply means, A chemical supply source 39 is
also connected to the processing solution introducing pipe 221 through the
flow control valve. The chemical supply source 39 includes chemical
preparation means (not shown) for preparing the desired chemicals of

predetermined concentration at a certain temperature. Depending on the

purpose of processing (for example, rinsing, etching or oxidation), for
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connected to the inner vessel drain pipes 231 and 232,
respectively. The drain pipe 231 is connected to a
drai n processing facility 40 through an on-off val ve,
t he. punp, and the flow control valve. Simlarly, the
drain pipe 232 is connected to an exhaust processing
facility 41 through the on-off valve, the punp, and

exthglé,| alvecehtindtalyalaye. sdleetedl NicoR9 drdodf S BydpsMesicdacid,
to an exhaust processing facility 411. A drain pipe

hy@sdchileric aoith diyeltopen tpeeoxidep suifarici auid Obzordeh®radey, @immonia
vessel 25, and the drain pipe 231. Further, a vapor

wadem pbyriretendnisomng7 orgdnic hsolsentyt Sndedet orgaaie wolvatte and
the organi c solvent such as isopropyl alcohol (IPA)

deipglizeshtwates The capnrenriadersolwigoprivcwhi¢ingheeslsmie themicals
The organi ¢, sol vent such as the I PA solvent easily

shemid-he ghxed isesagacpeqdadai ni ng on and adhering to the
surfgge of the_wafer whi | e ha\fi ng extrenmely little

sur f 26 &hPERsInOHiE. ?héhg\‘l%%ﬁs%piﬂ yiife dratn Wt provided in
tf ROt ot R o BRo gL U intTides pco i e Shusipen
_ . rzes i SOTvE
i SFRERELRE ap e e B BB ST ERS Rl 20 200 e

coh&URed th th néWe%Eechﬁa?n %?Igt%é %‘%eééﬁfﬁﬂ .r%%%ctﬁ%ﬁn 18 drain

organic solvent 1s heate et erm

pipEPPEiabHhBetedRE VBRYH pISRRERT fAB1HYI40 th3dde1R dh&HF valve,
organi ¢ sol vent supply source 36 are connected to eacﬁ

thethemnp, wirid the pflog SfiltroRAlVPASinsilSIPPthe tradn tFige 23, is
vapor generation unit 371. Besides |IPA the organic

cognéated tto rams exlmstgirecessing facilitihd 1 ghoopeh ticé vdioff) valve, the
organi ¢ _conmpounds such as di acetone al cohol,

pumparisbihe o coptnebralvet Tk sing 48 d¢ alsv-convpetadity an exhaust
2- propapol_, and tetrahydrofuran, A second jnert gas

PTEGHSHINE g@&d}@&hs& Qradp e t2og 18 sonnectod ie the dewer aortden of

thilPpbesoieiegid e R RpERE P  he bot tom port1on of

L1 RIS AR, AT ) ol OB
coBSARLE A0, Wi ert U LS LERUFREID o, i
prgﬁigg}i;ﬂé&r\gg@ Al:g@&@ﬁ{gﬂirééﬁél 48! Tha okghSicCRIRbIR & SSIPA
solvent easily mixes with the water remaining on and adhering to the
surface of the wafer W, while having extremely little surface tension. The
vapor supply mechanism 37 is provided with a vapor generation unit 37,
which heats the organic solvent, vaporizes the organic solvent and generates
mists by bubbling the inert gas in the organic solvent. The vapor generation
unit 371 is dipped in hot water in a heating vessel 37;, and the organic
solvent is heated at predetermined temperature. The vapor generation unit
371 and the organic solvent supply source 36 are connected to each other

with piping 361, and IPA is supplied to the vapor generation unit 37i.

Besides IPA, the organic solvent must be selected from the group including
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through a static mxer M and the m xed gas of the

carrier gas N2 and the |PA vapor is supplied to the

jet nozzle 33 fromthe vapor generation unit 371.

Heaters (not shown) are respectively provided on the

outer wall surfaces of the pipings 3512, 3712, and

342, and the tenperatures thereof are controlled by
orgdrec CPipb2ndvearehhas diadebenes addoho!,n xesthbki-2-propandE dethyl

in order to honogenize the m xed- gas by accel erati ng
glytcal laprppasobf2-pirogtamod, afd tdtealmydrefuragas cont ai ni ng t he

carrier gas N2 and the | PA vapor. A first inert gas

supplysesontcingt gappuppdy i sowree s is uwmnastedi to oden vapor

gas N2 through piping 341 to the pipi ng 3712. The
genenasimngupat S o rthroegty Pining 353 4nd Riping 8bvodhemiteagengas N

e B BSRLSE R ok e B o st o b4 SE5Bace
G LA R —
TR g A Ty O R Y PR SRS o o
GoBRRA G e L KORASHES 91 I 90t 1 £01 B Mo o

thi RGeS St G JNRXAF M Ugn M | b by
RIRCE Skt ATRRE M1 iniithle HEkedORE bDBke Yhirlor EAPNIION the

IPAR@pbt & Sdppsiied trethy jo€ 098118 BvVREEEthelTaioy gePREAESh LANIS7,,
mul tiple wafers W are accommodated in the inner

Hesatsise(no2 Ghownllizah riespsatpyly edovidet hirstlpoouterwwa D slffices of
desired chem cals, e.g., hydrofluoric acid (HF) from :
the pipiogebeal 3 Tsupd 34n ek e temperahres thereof ess comtrolled
22 sol ution introduci n‘a_1 pi pe 221 and the processing
bystha,Gidh SapMapnyriide, othe siafic whixendd tearevideiicit srder to
are then,stored in the inner, vesse] 20. Accordingly,
hoBiAgel e RO CreSICTX I degt ehphigirtare of the mixed
rof.l yori,c acid treatnen a rinsing) is
sp SRBUAIE U5 Bb e T shEEARRRE  nom i 1 the
ProCRSSisP IS i t et c :
chemgcalS pr%@eéé&érgg{pl%g&gﬁgv\%f ?W%S. ﬁ“?%?gé f ﬁéeh %ﬁﬁlétmgen
VLBl 94| et Opidifg I3MME THERS S erdbuld ipi
d pure vvaggrpﬁls)ﬁ%bgl y sour cg IJf:i’Sgt h?ze(;ugh t he pbr ocesgﬁ%éj&pmg
345 ak wlsereohtiolledutd Agppéditertdined degree by the belt heater. The
nitrogen gas N2 does not merely dilute the mixture of inert gas and the
organic solvent vapor from the vapor generation unit 873, but is also useful
for the purging and finish-drying steps in the processing vessel 15. Besides
Nz, argon and helium are likewise appropriate for use as the inert gas.
Hereafter, the series of processes carried out by the substrate
processing apparatus will be described with reference to Figs. 6 and 7.
Referring to Figs. 1 and 6, first, the lid 30 of the processing vessel 15 is
opened, and multiple wafers W’ are accommodated in the inner vessel 20,

which is supplied at this point with the desired chemicals, e.g., hydroftuoric
acid (HF) from the chemical supply source 39 through the processing
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and the processing solution supply unit 22, while

overflow ng fromthe upper portion of the inner

vessel 20. The overflow ng pure water DIWflows into

the outer vessel 25, and is drained fromthe drain

pi pe- 251 through the drain pipe. The pure water is

supplied for a relatively long period of tine to wash
solutibntihtrodahieny il 2 mhihetprivasssing selutize,. supplienit@®Brand

vessel 20. After the rinsing process, in one
thedesirediichemdeals ryeptlerestorad inl thestrratredessel B0g Acériadingly,

the continuous supply. of pure water DIWis
substrafierpiosessing ffor eagrapetehing hodsofiworis asidtveptment, and

raised framthe inner vessel 20 (slow up speed) while
ringgigAd s sRRspieRel W ttheawatrar | Wakbuhippuig phew Watbe procissing

er-saving). The small anount. of | PA vapor can al so

SOIV\% SI rrul t aneously suppl ied into the processing vessel

"
Do Aot B0 gl B o i

I f.th I
ref{ B, gl p@ﬁ@ﬁgzéu&phte L 5 T e

SRS 4 o8 PSSR s A0,

and €BS 9&0&@5@@%0@%18!‘1 s\igﬁﬁﬁﬁmt%@ M1 Qeerbidhih n‘%ge upper

connecti ng menber 26 by ‘causi ng the porous prat

poittiorhef thednhat kyssed 20, The oveHbowihgire oyt THEW Fighidigko the
the hot dry gas containing the m xture of nitrogen

oulpasehiel A5d andds HPAinedfosmithesirppl pipe 25 thidwgsh thedrain pipe.
vessel 20. These operations are performed as shown in .
. Thepare veater lawpmleecgfw agdativeliideneperind vhitinps bi wgsB48t the
and the nozzl e 33. In the drying process 2, the
chegaypals H swbvéhha%p@rlamﬁdt%th@rr@@égyaw wdssel 15
corre g%contact with the surface of each wafer W

and n§reFInES R:‘"BFI‘%?e“'ns‘é’d TN tRATEIgHaK, rgradRe oprocpess 1
B AT 9, Sl LA e 00 i
terlrtP ﬁ Hel ‘ﬁg Jﬁﬁafe} W’ri’éjgl%?ﬂgtrg{sea%g "D i ﬁe} ?essel

ere egree o ace ens

R B A aLBuls e
(DB¥herang-davinidle $hestsnadle aticudge dfSTPA vapor can also be
simultaneously supplied into the processing vessel 15 while the group of
wafers W’ is being raised.

Then, in another drying process 2 illustrated in Fig. 7(c), a drain
mechanism valve of the outlet 212 lying at the bottom portion of the
processing vessel 15 is operated to drain the processing solution rapidly, and
the porous plate 28 is inserted between the inner vessel 20 and outer vessel
25 and the intermediate connecting member 26 by causing the porous plate
28 to horizontally move into the frarme body 27;. Further, the hot dry gas

containing the mixture of nitrogen gas N2 and the IPA vapor is supplied to

the inner vessel 20. These operations are performed as shown in the chart.
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evaporated. In another drying process 3 illustrated in
Fig. 7(d), the nitrogen gas N2 is supplied in order
to dry the substituted I PA, and the group of wafers W
is taken out of the processing vessel 15 when the
drying process 3 ends. In the above processes,
pressure in the lid 30 (the drying processing unit)

i s SBhe hirghgars tshheatddain ¢he tgipirsd Bk, and theenexe B8, i Idthe
station for the sink, and pressure in the lid 30 is

dryihgpreetssid, dhe orgazio ‘sohent obipbhin thmproceesiaglves2€ 15 comes
(rinsing proceSS|ng unit) and pressure of the
lnt@\ﬁﬁét%ﬁtl"ﬁé $hesustace of eable wafen8Y, andsthel [P20mist is condensed
refore, the nature of the flow of the dry gas
on@eglben«ggr fape of ke Wadw W t@ rferrarguf“ﬂgl of dPAs hgnmhet grganic

i S snoot evacuat ed _from

Solggﬁ*aﬁg'g %r%é'%fea R0 S0 o he HelpESeIIA Eijﬁilhﬁ’dilftlﬁpé for

GRS MER 005 shE AP, MBRbAeS G BERcle LR
ter%‘s%r( 8fthe elglﬂqz ‘Q/gE par‘{ ééa’lsg%c 51213 1tst é’i}%ﬁaggﬂ? g%nor evacuate
th@‘gﬁ{afa'cé‘ Qf’ thteo?'%part o U’chﬂ TRle, Hélfl@%%a %}ér %&'@tra’ge Wé‘ace is

re-adhesion o es can ecause
eva@b’dta&étﬁ does not circulate at all in the processing
vessel. At this point, the CPU 12 controls the heaters

suchir bﬁbtlielﬁ&iryilﬁé @i‘d)dé@§ 131 PluatRited 1A ik eRB! Hd/hfSoddn gas
T2', T4, T2", and T3 at certain positrons satisfies

Natiheuppliédin oxlereboatrydhs supstifiltedTPAT 4882hs B olp Jof ¥hfers W’
where, the tenperature in the vapor generating vessel .

is @#enu antof the Phecaseingyessel &5 whenhepdyyimg pBickas Berlz. ,
Srp’f%? ﬁ e;agxlfje:]gfclppgs%ﬁge pgésps!\g&g 133:%1¢Ijlsd gé;ﬁ’@l’fe ghjgng processing
2
un{*iﬁ% ﬁiﬁ TQ‘O % pik ériqagﬁwlgé*é@féé%@a@m% for the
sy 3:‘%%1%@ AN Ny e
20 (rinsing processing unit) and pressure of the evacuating station for the
inner vessel 20. Therefore, the nature of the flow of the dry gas becomes
laminar flow in the drying processing unit, and the dry gas is smoothly
evacuated from the exhaust pipe to the outside of the vessel. During this
process, the dry gas is evenly supplied to each of the wafers, water marks do
not form on the substrate surface, and particles that have settled thereon
can be removed, and particles can be prevented from adhering to the
substrate surface. Further, the re-adhesion of particles can be avoided
because the dry gas does not circulate at all in the processing vessel.
At this point, the CPU 12 controls the heaters such that the
relationship among the temperatures Ti, T¢, T4, T2”, and Ts at certain

positions satisfies the following relationship:

T1<TY<Te<T2"<Ts (1)
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the IPAmst emtted fromthe jet nozzle 33 to have an
extrenely small particle dianeter, or specifically,
extrenely fine m st which cannot be observed in
relation to the Tyndal |l phenonenon, i.e., m st having
subm cron size is fornmed. In other words, the m st
can be observed by the Tyndall phenonenon if it
conswhére, of several particles having mcron size but
cannot be seen in relation to the ' Tyndall
pherthedeopenatretinehei veipot @enersthsg vasel BTl BsTof

subm cron size, thereby requiring the use of a

par tthedkemperatweuni thg mpitigdTizlinTehe enbodi ment of the
present invention, since the size of the |IPA m st
canride tempesaturenadhspiping $4migdl'd, phenonenon, the

m st formed constitutes, particles of_ subm cron size.

- Howdertemperpwregadheriping 34higtTe handri st of subni cron

[ [ t letely f d.ip th , but I st
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thd MPACRStNEMEE] FIDMNEL O r]]eip Elgﬁ'ng C35 @b iEdVe Eﬁ u%?;ﬁ%mtehre small

consuned by ensuring that t m st ~const |
paftidandiansétey eot YsRMcdlly, AfxtsathBIC R nSist SwhidH (dA8hot be
al t hough the surface area of the individual mst is
obgegded &l relahion tohbleeTaidIhpReRd 88NN, iCd), st gving submicron
summati on of the surface areas of the particular .
sizériist rpedpdnt dtdveat wbyds, ridveenssts cam beebhsdrondtloy tthe Tyndall
increase_in the 25 nunber of msts. As a result,
pherqmaeren ifié congists of severehpavtiges heaimgmicron| sice but tennot
the substrate while a specific surface area thereof is

be jsqep dRsEdation ths diyndellspheromanem ivhen ithe emést esmprises
t,he organic solvent for, the rinsin olution.is ,

peftigles Eq o Piioon, Siace, AreDY 1Eaiuistg affr@ particular
i j. i k . t t. :

L e MR R R A
) ( . | e .

ot B TR SEb e 000 BAMAPRECFORLELD! I i

forh@etoriiROtdNBaR1BE offsubdiieFdt 528, HHWRRER fathd¥een noted

that the mist of submicron size is not completely formed in the gas, but exists
in the liquid state. The temperature in the jet nozzle or T3 is controlled so as
not to exceed the boiling point (82.4 °C) of IPA to prevent the IPA mist from
being completely vaporized.

The number of particles of the organic solvent mist can be increased
without increasing the amount of organic solvent to be consumed by
ensuring that the mist constituting the organic solvent vapor is of submicron
size. Further, although the surface area of the individual mist is reduced, the
whole surface area which is the summation of the surface areas of the

particular mists proportionately increases in relation to the increase in the
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bubbling the inert gas in the IPA in the vapor :
generation unit 371. The tenperature of the m xed gas
is kept constant or gradually increased until it s
emtted fromthe jet nozzle, so that the condensation
of organic solvent vapor in the piping and the jet
nozzlie is elimnated and as a result, the dianeter of
nutdierosf) arikis. A epesult,Sheciags 1 ofgayic v Fhg@dcan be
gas. Further, IPAis gradually vaporized fromthe
injscheflamethef sulherateAwtilet a spedéicreeafaet reapidicredf © increased,
di aneter of the IPA mst while the | PA noves fromthe
theilevel gofanubstitativor efficientye o€ bheabtganin gobirent gfas the rinsing
containing IPA mists of submcron size to be easily
solypioni i5dmpreved-her, the nixed gas forned in the vapor
generation unjt 371 out of the inert gas includin .
t he ¥PA Brafssablediatiaachjemmparaturegeforsed bein prpxpssion (1) is
ose .concentratign.is |lower _fhan the point of
kel Pt o sl dncuaeert. The = ghs Boisd erefyrmed out of
suppl.ied from.the,pi 341. Therefore,.Sjnce th
the S 3 dreifling T AT Saiorpontanude the TRA migt angabe IPA
L Aj ' of b _cron.size n. b
zaf P Tof PR b 1 0er AL Il ATl RB oy By Rinkd by

bu?ﬁf&ﬁ? IOt Yas ﬁ?"thf 938, MWithe ¢4 rvgé}{)é’xjaﬁ%hinﬁfr%‘it;{}@g The

PA mst i's accelerated. I n this“case, i I'n

texPEerata% ¥t hRliked ghs {9 RS e tadoirtadual IPAnYARSEd ggﬂﬂ it

e like, it is preferable that a mXxer Mis provid
is bmitted fromdtheejedf nddvde, picpting B2 cddesishtiohhel Sligah®dgblvent

gas N2 and the | PA vapor. A static mxer is suitable :
vaper mmxde pipiRs afdushe ytenoraleds oalimiAedi sid agfa result, the

. submi cron_ sizes are contained in the dry gas, such
digtetes ehthe apiganye iselvand ntist sloss esotberowem dhbsimized gas.

even if many substrates haying a |arge, diameter are -
Fur@a%fe&%%lﬁ H@%%%L)é%@ﬁgze@e@%@ the; sugfage  ofethafP4 mist to

suppl vy, of cont i nhuousl r nount s ..of . or.gani c '
deg5pbe e papfesPaTim ot B A D thed FPrmore §iomy the

. uf | h0g h bstrate i s assur.ed. a
il 148 L AFACS Gk WIGHRE 18 o osiaNiGE 1R aists of
sudblit®nt s f@fl,(geg%i#gwﬁaq ed@rocessing efficiency is

s mul taneous roved, and t he remar kabl e
acceFaFiterOthedhitd®g sl Sr B IIhAHRSBHAL g6AGr 6o unit 37: out of

the inert gas including the IPA vapor containing IPA mists and the IPA gas
whose concentration is lower than the point of saturation is diluted with
inert gas separately supplied from the piping 34:. Therefore, since the
concentration of IPA gas diminishes in the mixed gas, dry gas containing IPA
mists of submicron size can be supplied to the processing vessel 15 along
with a large amount of inert gas while IPA vaporization from the IPA mist is
accelerated. In this case, in mixing the newly supplied nitrogen gas N2 with
IPA vapor and the like, it is preferable that a mixer M is provided in the
middle of the piping 342 to stir the nitrogen gas N and the IPA vapor. A

static mixer is suitable as mixer M.
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achieved. At the sanme tine, the anmount of organic
sol vent need not be particularly increased, while the
generation of watermarks can be extrenely reduced or
substantially elimnated in the substrate surface.
Further, particle adhesion is elimnated and the
dryi ng processing is accelerated so that re-adhesion
of plaws,cvleen camdrenallPd. pisty efisebmitrontdieesaboy eontatiend in
the inert gas for dilution is supplied fromthe

theydpy gs3auch Thists aer tragidyfiowade |h?nei spaces bebweeh wapstrates

uired in order to obtain _IPA msts_of subm cron

I ef ) ]
evey) Udnany, sybstiateshaving aarza dieanetenaroloasiedinthewyocdseing
erfarne 0 as 10 satjsfy the expression (1), while ]
vedsgl lt%eﬁﬁ'gr the, F%BldoFuP?]ﬁ'eo%F‘Hi‘%u?HSéX daregy apowytp of organic

whi ch .connect. t he_ vapor, ratio

SOl VaRE 4G P RETR TS FSOBlers he PRGTIP S 4R fiftering to
the HBETH 3F oub RoTR el TR osesne e cin be
shOEIRE S| RTERRE oF RILY pEGLES S Hlenld B Ml itosly
R B BhR A MRS SIS of Bl BT s pReBising cpm be

acliietled &t tiRRPOAALUtithe, TtheOhrdolRiti 6¥ebig-a36 sSURIL R&kd Qot be
t he vapor generating unit. In this manner,

padbnderiydhexeased, while thg@eherattdny efrata@pirkisieahnl s extremely
cﬁipi ng and the jet nozzle does not occur, so that the
reddicadeversufstamaly geliminsisidv ént thd stubistrattbesarficgaFurther,
does not grow. I n addition, part of the organic :
paxfifle aghepions isr eliminatiggdornd she Aryinmnradeesingrisameelstated so
t he or.ganic solvent m st before the organic solvent is
thatperadipsiony ?%l%%%%ré?’eﬂiﬁocﬂ’reé’@% the size of the

Qb i, HoEE e e inded Sl SR 8 9 arpriag dromsthe

. ' DLLPI d.the jet | t h .
o SO B T OSBRSS
IPAiEtLof Libhigof i 'T%nfhichaEJ‘Qe?{b;éﬁgfdﬁrhoﬂtgc{lgﬁmply may

preferable that the conponent s o e substr _
be Pegfoemldne apRarAtiisy Bhe &BRddsiH €0, dhilOthOWSmpetdtures of

order to prevent the increase in dianmeter of the
theopigamg pievel &0, 3db,S342arhd 3422 which connect the vapor generation
unit 37; and the nozzle 33 differ from one another. Alternatively, the pieces of
piping 3712, 342, 3491, and 342 are kept at the same temperature Tz, and
temperature may be controlled such that the following relationship holds:

T1<Te < Ts.

The temperature T3 in the piping and the jet nozzle is set equal to or
higher than the temperature T1 of the organic solvent and the temperature
T2 of the inert gas supplied to the vapor generating unit. In this manner,
condensation of the organic solvent vapor in the piping and the jet nozzle

does not occur, so that the diameter of the organic solvent mist in the dry gas

does not grow. In addition, part of the organic solvent is further vaporized
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condensation thereof due to the collision of organic
solvent msts with each other and the collision of
the organic solvent msts with the walls of the
apparatus. That is, the top portion of the bubbling
tank of the vapor generating unit should have a
conical or circular are shape. In addition, the
fromurthersuwfacst efptht bfgamocedvant toliet befyr@ahesorgphic solvent is
pi pi ng has been decreased, - and apertures are formed
emdtien framtthe mozglez avhink rdlofvsi thersize pBthar taslpinyc bolgget mist in
than that of prior art. Further, the bubbling nozzle
the dry gas (apesorge submityeg. Fusthers pivgk dhe avganicsoliant vapor is
di ameter and quick, injection speed, Finally, the state
no} gopRerded: He theRining and thediet tnpzslepdiherede noofearnidat IPA -

i,Nsi ti dher.i toth bstrate b [
argglgfadl B rarn P npeae o s of submi cron o) ze vi b}

be d i bed., H.gs. .8 9. ti,onal vi

schelbt tearriP 8ol HEer BFamtBRsni‘p bepiiththasathe

, : h g ..

co B3RS LS LB, FEbEatild AR A PO BERSASH o,
in @i ROpMvERL EREThcd8Se ‘i‘fﬂ'dk%gs L Rk NG ghhfe éﬂl%%&fi t and

subm cron si ze, V\fn l'e Fig. shows the®case 1 n "ch

coldéhsAknOerést did U €He WbllfRid6f brgaiRe sWiieh® mists with each
containing I PA msts of subnmicron size. Figs. S(a) and

otlsdrbinarnthe Fidlision9¢arh@ndzAib)sodaimtempsiaOwith tHhe walls of the
process of "drying 2" shown in Fig. 6, while Figs.
apgaratuandliitgis, %le) toprpedpondf tthet babplingemlofof the vapor
"drying 3" shown in Fig. 6. As shown in Fig. 8(a), - :
- genpratinghandrshoydd heaetaaronisy arharevlar are sbape.Ha addision, the
(1.iquid) of subm cron size and the nitrogen gas N2
nuipher ofjstey differepses i the dry &2p FupBLsPiing Spsdreensiagnensed,

o R B e R e By i
) in,.Fi Q. h)..,.Si h .
thfey o bri S Y02 druid et M8 Bub BBk fiordlorthy 58 Voifer gGprating
Cod : Lo D
unfl Ehc1 g & s BN ARk EraRBbhI L FRediiN R0 O B I
for By RS st iBNOWREH theFFA mBétChk maliBAo iﬁgbstitute for the

evaporated only by delivering N2 gas into t
rirp g gskitiun ¥és&thg ith. thlensubishi e B35 AsinigNd#h gaPosRSAIfY IPA

"drying 2" (refer to Figs. 8(a) and 8(b)), the IPA
mistsof gidegicnan sizef Wilt be nteksrilpat.f dPigst B andad areseaidredtviews
due to the small anount , :
schematically showing the relationship between the IPA vapor and the
substrate during the drying processing. Fig. 8 illustrates the case where the
dry gas is not diluted with inert gas while containing IPA mists of submicron
size, while Fig. 9 shows the case in which the dry gas is diluted with inert
gas while containing IPA mists of subﬁaicron size. Figs. 8(a) and 8(b) and Figs.
9(a) and 9(b) correspond to the process of “drying 2” shown in Fig. 8, while
Figs. 8(c} and Fig. 9(c) correspond to the process of “drying 3” shown in Fig. 6.
As shown in Fig. 8(a), when the dry gas containing the mixture of IPA

mists (liquid) of submicron size and the nitrogen gas N3 (gas) is delivered to
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of nitrogen gas N2, supplied and good drying effect is
obtai ned only to sone degree by using I PA msts of
submi cron size. Still, however, on occasion water
mar ks are generated by residual DIWin the process of
drying wafers wth a large dianeter. In the case
where the dry gas containing | PA msts of subm cron

thes precessingf wassélel 5 dinlduswsplidd in ilhespagashetivhen! thd wafies W,
concentration in the dry gas is reduced, such that

IPA pesniptitvted farsDEW adlvdrang ty thié staferbW byl thasapghooft dry gas
the substrate. Therefore, as shown in Fig. 9, the |PA

as fhewa o Figuh)e Stncestheel RAamish eoroprises fivegiartiated and many
venly supplied even tg_the deeper _portions_of the

IP{ gt ans B lied, vAEoRalBA Rentiaiee e dbbre o pheDIYasnd the IPA

o e ST L BRIE A B o B o

bl L AP 038 00 Bl
_ ! ’ 3 |

g SR, 1RE e G5B R B s, e

mi€f fb&d ﬁ&tcéhfﬁefent@:g&fbfﬂi rtﬁ@%ﬁprief"@ffétg;ecie%dlfbgﬂ[égsmaﬂ amount

processing tine ause processi ng

of ﬁﬁ@g%eg{] ?si&@ o1, Euppiied anésgo%BQﬁ?iﬂé‘ effb@ isHRhind %M}?ﬂ;g some

sub all'y be elimnated fromthe surface o
degmbeby Wsisg (PA heiktd b2 sabhatrin eire0StilRt Bowe @ bh f@@dhsion

>

be conpletely elimnated. A detailed description o
wakeiymakh ase [peparatediiyt pbidualcRIWt indiHe progeéy ohilfHiag wafers
case shown in Fig. 8 only in that new nitrogen gas is

with gdergextiagieheVs Wiat is clained is: 1. A substrate

procgessi ng nethod in which. the surface of a i )
Subsin Hachss wheredthsydihgaceamigining WPAmminty ofasbmicron size

ts Ren R Wil Reih ks e A et fonten tmbogr guthecdry gos
is Izeadﬁ’l\sé??’ta?l\le/&g%%t;t rc].elt ﬁid{' ﬁg?%g%glgﬁ%}ﬁ%gﬁrn %{;lggg?@lﬂz ﬁ'}rf}zl'ghgut the
sul?é%?%\%?tl?fe &b | 44 dRin I %‘tl%regc tHBTPAARS b s mferon size can

m xture of inért gas and
be continuously and evenly supplied even to the deeper portions of the

wafers W due to the large amounts of carrier gas. Since the dry gas
containing large amounts of carrier gas enables the IPA mists of submicron
size to adhere rapidly to DIW, efficient substitution of DIW by the IPA mists
takes place. Accordingly, the invention may also be used for drying wafers
having a large diameter, since the level of drying processing efficiency has
been increased, while reducing processing time because processing speed is
accelerated. Further, as shown in Fig. 9(c), DIW can substantially be
eliminated from the surface of the wafer W, such that the generation of water
marks can be completely eliminated. A detailed description of Fig. 9 has been
omitted since it differs from the case shown in Fig. 8 only in that new

nitrogen gas is mixed.
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organi ¢ sol vent vapor, being formed by bubbling the
inert gas in the organic solvent in a vapor
generating unit, wherein the tenperature of the vapor
generating unit is set at Ti, the tenperature of the
m xed gas containing the inert gas and the organic
solvent is set at T2 fromthe vapor generating unit to
a jet nozzle, and the t@npéMs ure of the dry gas
emtted fromthe jet nozzle is set at Ts, and the
tenperatures are controlled such that the follow ng
Whatliatcl-onsddiip: holds: T, :5 T2:5 T3. 3. A substrate
processi ng nethod according to claim1, characterized
in that the dry gas consisting of a m xture of inert

gas Bnd A habseFgaNbeocebingNindtRBAr ih SwhtHBHeb¥urface of a
- bubbling the inert gas in the organic solvent in a

substpate igahesdbiyrigjebidg itanithi dryf gad Besislingbed Mitthre of an
dilution gas of the same kind of inert gas, wherein
organeéc selveet atapoe aofd bheinexp @asgeharatemiged wnithat sheegrganic -
at Tl, the tenperature of the m xed gas is set at T2
solvenhyapny cpapainsgoisss af swyminron siati| the nixed gas is
diluted with the dilution gas, the tenperature of the
di | udi onfAyasubsirate mrocpasinghemethgrbr aeeording theclaim 1,

el A LS oSl S i s e
1 xed .30 i s.dil d wih,the dilution gas,. and the .
ordgkE Sy §PuP Bt hirdiiaglLoy BhPPliDa the dfPriiey st the organic
[ the tenperatures are
Sdc?%‘fzirng?:‘%a&gg%ﬁérta%g{g \?ﬁl(eé’ foll ovw'nﬁg rel ati onshi p hol ds:

Ti  <}Rerelfl the %émfa@?atﬂ‘? of*tﬁé%}s(ﬁegle?gﬂﬁg%&ﬁ% JRLRO the

according to any one of clalns haracterize

tethperiatate ifetHr GAREE SN ¥oRfaih@thé QAsk 8RS ddddhe organic
selected from a group including isopropyl alcohol,

soldenic it seteatalls dhwh, thk- vagidroganc?atingpatiolto a fsthydzzle, and the
gl ycol, 1-propanol, 2- propanol, and tetrahydrofuran,
teraperathee pidret digagas emitted from the jet nozzle is set at T, and

the temperatures are controlled such that the following relationship

holds:

T1<T2 < Ta.

3. A substrate processing method according to claim 1,
characterized in that the dry gas consisting of a mixture of inert gas and the
organic solvent vapor is formed by bubbling the inert gas in the organic
solvent in a vapor generating unit, and is further diluted with dilution gas of
the same kind of inert gas,

wherein the temperature of the vapor generating unit is set at Ty, the
temperature of the mixed gas is set at To’' from the vapor generating unit
until the mixed gas is diluted with the dilution gas, the temperature of the
dilution gas is set at T4, the temperature of the mixed gas containing the

inert gas and the organic solvent is set at Ty” to the jet nozzle after the mixed
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Is at |east one kind selected froma group including

nitrogen, argon, and helium 5. A substrate

processi ng apparatus including: a vapor generating

unit which generates a m xture of organic sol vent

vapor and an inert gas by bubbling the inert gas in an

organi ¢ solvent; support neans for supporting a
gaPhg!d@hitbd wikth StHRSANALSA &#s, Dend/ eht it JeratireapOeitk iRy gas

paral | el at equal pitches; "a rinsing processing vesse

emifted firoae ¢ROTRIGRIZGR: fshetpk Thphndy of  substrates
supported by the support neans; a lid for covering the

uppetheopevergtnfestdre dobsilled probcdasithg foHesthg relaeionship

nozzl es which are provided in the lid; and first
holgispi ng whi ch all ows the vapor generating unit and the

jet nozzles to communicate with each other, the

subsTr afle’ plosdesiifs.appar at us characteri zed in that

the first _piping and the jet nozzles are respectijvely

equi pped substmatreprasessingmaethiod acrensting $o ang o6l claimsdl to
3, o imRearBri bt Jho BERHRLC SHIRESE Ff BHHCE RBC P sBleztdbfrom
= e3oud (RAPAEdE TR AIDRAL TR IParp B AP brE06 e Papehol
AP Iphide) 7Bl ol bt T RTRR, B el s
is 58 TeadtHndREH Rel &P frcth o Bro@P It RRAFTIBLALAT RFedt fand

helfiml2 < T3. 7. A substrate processing apparatus
according to claim.5, characterized in that the

second Aispbsiats phetekbiely dpieiratiedindeyudiagng connect ed
to the mddle of the first piping for the purpose of
supph yapgr gehdratingnugidsvivich tgeaesaies akinduoé of negdnigaslvent
vapor and an inert gas by bubbling the inert gas in an organic solvent; .
support means for supporting a plurality of substrates to be
vertically arranged in parallel at equal pitches;
a rinsing processing vessel which accommodates the plurality of
substrates supported by the support means;
a ld for covering the upper opening of thelrinsing processing vessel;
jet nozzles ﬁhich are provided in the lid; and
first piping which allows the vapor generating unit and the jet
nozzles to communicate with each other,
the substrate processing apparatus characterized in that the first
piping and the jet nozzles are respectively equipped with heaters, and the
heaters are controlled by means of dry gas containing organic solvent mists
~of submicron size being emitted from the jet nozzles.
6. A substrate processing apparatus according to claim 5,

characterized in that the temperature of the vapor generating unit is set at
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wherein the tenperature of the vapor generating unit
is set at Ti, the tenperature of the first piping is
set at T2' fromthe vapor generating unit to the point
in which it is connected with the second piping, the
tenperature of the second piping is set at T4, the
tenperature of the first piping is set at T2" from

T1,tthe tp@ipetature oh tlehfivdt pipingoizRe be do hidthderapeRitdre of the
piping to the. said nozzle, and the tenperature of

jet nbezlpes seloatzTe d4ral set at T8, and the tenperatures are
controll ed such that the follow ng rel ati onship hol ds:
Tz <Ttk'e: tBMperatmes e k9ngrolkedsutrdt thatt shprfolewinggelationship
apparatus according to claim7, characterized in that

oldsstatic mxer is provided downstream from the point

of connection between the first piping and the second
pi piHgs da& Tpstreamin  respect of the jet nozzle. 9.

of “cai b SHBRGRES BHsheatg: BRRRTRIRS rfcoTHEEOG AR 5,
R, T A CT0h SRS RSS! st SIS eing
ol B, BEERETSE £, SDIGP Y RIBREL o paptine
g 5o sbiut g st dagm @ wrou el uding

wherein the temperature of the vapor generating unit is set at Ty, the
temperature of the first piping is set at To’ from the vapor generating unit to
the point in which it is connected with the second piping, the temperature of |
the second piping is set at T4, the temperature of the first piping is set at Ts”
from the point in which it is connected with the second piping to the. said
nozzle, and the temperature of the jet nozzle is set at T3, and

the temperatures are controlled such that the following relationship
holds: |

Ti<TS<Ta<Te” £ Ts.

8. A substrate processing apparatus according to claim 7,
characterized in that a static mixer is provided downstream from the point of
connection between the first piping and the second piping and upstream in
respect of the jet nozzle.

9. A substrate processing apparatus according to any one of claims
5 to 8, characterized in that the organic solvent is at least one kind selected
from a group including isopropyl alcohol, diacetone alcohol,
1-methoxy-2-propanol, ethyl glycol, 1l-propanol, 2- propanol, and
tetrahydrofuran, and the inert gas is at least one kind selected from a group

including nitrogen, argon, and helium.
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