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

to ' [ I applying chem cals to the
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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

demibeessimtyataf feecédondinghdigit @ubbtratd, 4@ avad®yk 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 appar at 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

Laifl-Ophn RitentiN e 208ir2t1d88aw8l be deveylet witloréfeeence to Figs.
processing vessel 2 while vertically standing in :
10 padall elFigt 10 éyaspcionadrviawwf thagubsizate arecessingaammaratus

depharam Jopaneht LaAraesn Jrasent N ho 0P L 274N PBus A substrate
substrates g a _seni conduct or vvafe_r W hgrei nafter,

PrOfEYRipE PR aS Do SUROUPIES PR (TSt ofr darkiecessing

solifhib ihBodhplnWd% Pf REE3R ESnardiibh BLH, < BUERE sotution

drdiReRhRY5 PHAE H@t@&-s&l&&t?u&%&%é&%@c%t @t@d B t’f'ﬁ? processing

processing apparatus 1 | and the plura
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processi ng vessel 2, and thrown and dipped 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) VelfereGonegting Brocess. g., | PA, and the 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 wwth the vapor. Then, the
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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 2i. 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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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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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 amobunt of organic

solvent in the dry gas is rather small. Accordingly,

the spread of the organic solvent vapor to every
and ¢heerozele ¢drepletelydesomst the enixedrgy acke tibed. ol sidkr event,

of the substrate surface takes considerable tinme and
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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



in which not only high-quality substrate surface
processing is realized but in which processing tine
is al so shortened by using dry gas contai ni ng
m cro-size organic solvent mst. The second object of
the invention is to provide a substrate processing
nmet hod in which not only high-quality substrate
surface processing is realized but in which the
surfalé BEQSKpRAGsdd Bea sSmeieidnesTetie RYis@dat deiingredded by causing the
concentration of mcro-size organic solvent mst in
numbdreofaimystg asincidase.t Wihed thbjoeganiofolvdre viapoe it ishich thetsmrface
provide a substrate processing apparatus in which not
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realized but in which the Processin time is
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rate processing Ing to claim2 of
solvdoli¢niftr €sent i nvention, in which the surface of a
substrate is dried by injecting it with dry gas
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and an inert gas, characterized in that the dry gas is
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whidhethp recessieg tifnetik ehonenpdrbygahusting thg concantiagiop@f maicro-size
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in the organiCc solvent, and the
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 solve the above problems, the substrate processing method
according to claim 2 of the present invention, in which the surface of a substrate is
dried by injecting it with dry gas consisting of a mixture of an organic solvent vapor
and an inert gas, characterized in that the dry gas is formed by bubbling the inert
gas in an organic solvent in a vapor generating unit, wherein the temperature of the

vapor generating unit is set at T, the temperature of the mixed gas containing the

organic solvent and the inert gas is set at T, from the vapor generating unit to a jet



m xed gas is fornmed out of the inert gas which
i ncl udes the organic solvent vapor containing the
organi ¢ solvent m st and organi c sol vent gas whose
concentration is |ower than the saturation point. The
tenperature of the m xed gas is controlled or
mai nt ai ned at constant tenperature or gradually
increased until the mxed gas is emtted fromthe jet
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and an inert gas to a substrate, the substrate

the pprtietEasmizgs oai bednabaed Byecd sarg the hlrabert bfendsty tgdscrease.
conprising a mxture of inert gas and the organic
Therefotey einte admee ansount of meistscif] subedcerantsivedianuta emittpadsomsd the
subst;art]ee surface, a large amount of the organic solvent mist of submicron size is
efficiently substituted for the rinsing solution adhering to the substrate. As a result,
even if many substrates having a large diameter are loaded in the processing vessel,
since the mists of submicron size can rapidly cover spaces between substrates, the
processing time can be shortened while the level of drying processing efficiency 18
improved, and the generation of water marks can be extremely avoided or

substantially eliminated in the substrate surface. Further, particle adhesion is

eliminated and the speed of drying processing is increased, so that re-adhesion of



sane kind of inert gas, the m xed gas being forned by
bubbling the inert gas in an organic solvent in a
vapor generating unit, wherein the tenperature in the
vapor generating unit is set at T,, the tenperature
of the mxed gas is set at T2' fromthe vapor
generating unit until the mxed gas is diluted with
the dilution gas, the tenperature of the dilution gas
parti¢lés &@ibedprevehted.he tenperature of the m xed gas
containing the organic solvent and the inert gas is
setThetinvaitionmdccbelipgto deimnz Beofatht enbjetthapphicatéeh tassubstrate
diluted with the dilution gas, and the tenperature of
procaskiag dmpthyels in evhich e stibyrate arfaet incltiedeby siniestingdry3agas
and the tenperatures are controlled such that the
contgiping@niguiccdfan enganicsolysniapor and anypert gasrp asubptratecthe

oot Ft o ST B St e
. th d itted t.he j.et & I C i

o s AR Rt Q0T RO P B

sarad g R 60 L PRSP DS PR ORI B M usttan

orgafit YoRleRt B9 at V\%%gg rg@ﬁ’f?rhﬁn% Ah#eHheMidlthe Q&nﬁ&%ﬂgﬁ 4RRHE vapor

solvent gas W ~concentration is [ower than
genesRing il BNePR I, thé Serhptirhfi@é oflithd/rgedbdshis 3edad TOMRIm the
Ilution gas of the sane kind of inert gas used in the
vapoPUleBbiafiglg urie umeihakahiaed qras iof dibitghwich shd \difationagasy the
is further reduced in the mxed gas while the .
tempiegasicbof ithy diition hgasas geniat Bplthen¢empérsturbeifnghe mixed gas
condensed di m ni shes, and the | PA mst can be carried
contiieingethr drpaninablyest arththedherteas 49 satat tlefye the igk aozae after
control |l ed such that the m xed gas is kept at
the roedteants diwsd rvaithy the 6ﬂutgqrha«1ﬁa|ana the serepgatie of ithe dre gas
. m xed as is emtted fromt jet nozzle, the e
emﬂ%@ﬁﬁ@ﬂf‘%@ﬂ%ﬁn@@ﬂéﬁ BSrSehit cliy an%ib% EHRPHHUICSFIG éﬁpg‘%ﬁe‘g such
ol vent .is vaporjze om the ,surface , he '
ehat 355 i aelOGRRBE BRI T, S e Sl 20T s 1ar LOIAR Befne of
I hcreased he .| g F1a)'Ns
orgap o G ot bR EpP B Ronfian IS RORERIRA R the

dry %E%@Hﬁg(?rrw {h@j%t%zggncent ration thereof remains |ow,

ows a‘'large quantity of the organic sol vent

M SA cQfrdHgDIH HeOfubsfrh#epiloReddthoC Mt dil b ed Nhadiigd 3 ahe
the substrate surface. Even if many substrates having

mixedl $ROEmed aiveieevapdr getdatiggluhin oubef phiomessgasgindeths elrganic
since the mst o subm cron size can rapidly invade
solvérheapapenvehingehe supstic salemt misearsbtheionganis bglvent 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 bubbling. The concentration
of organic solvent vapor is further reduced in the mixed gas while the possibility of
the organic solvent mist being condensed diminishes, and the IPA mist can be
carried between the wafers. Therefore, since temperature is controlled such that
the mixed gas is kept at constant temperature or gradually increased until the mixed

gas is emitted from the jet nozzle, the speed and efficiency with which a part of the

organic solvent is vaporized from the surface of the organic solvent mist to become

10



supplied | arge amounts of organi c sol vent vapor of

subm cron size are rapidly substituted for the

rinsing solution adhering to the substrate. As a

result, the processing tine can be shortened while

the |l evel of drying processing efficiency is

i nproved, and accel eration of the drying processing is

| i kewi se achi eved. Accordingly, the processing tine
the @@Brdenistharet Rreshsedi drel the ldree elmaint dyfy idryg gap cos@sring ghe

efficiency is inproved wthout increasing the anmpunt
orgafic solgentirois of vebmicrem pigeneobtaingd while derongentetioss thereof

wat er marks can be extrenely avoided or substantiall
remeins fowiavkighaHown a largp apantity of the ab?-’énl%?Heﬁémlst;sErsP ’&lll%on

LR S LR e SPEEL OE fhy ppses
o PR R U P PSS R SREhRY o

al s
RSPl BB SRl Sy RIGT e comiomonsy

sup?lgécq’ E%Fe laSndtntd %?Scfrgm@ doived S8pSCbEAubMHTHA FFOURe rapidly

ng 1 sopropy al cohol, di acetone al cohol,

subitiRUN LY theé- ﬁﬁﬁﬁ?%'luti(ﬁlt Ryherggy €9 the lsubsiepanls, a Zesult, the
propanol, and tetrahydrofuran, and the inert gas is at

prob&nk tRe cki be skeltenidedhile dm Rvelgifodnyirignpionelismy efficiency is
nitrogen, argon, and helium According to the )

impsonast r atd preeteestiinn gofimehé odi yitess cpriobessingn i | lekenise, achieved.
selection width of the organic solvent_ and the i

t, .
Acaadingly, Khe aufecessingatimet pan beuprartened yhie dbei lﬁgeln of drying
apparat us can be applied to various_kinds of the .

prosemingeficendyris FBBEIVRY VHIhoMS inFreasineihy ARt RLqraric falyent
corphnr S0 S5k B, OGBS 24808 ey Bl o

IS, . ti . : P
subdlahiet SIiRne, i indsBRRr SERALS CERAn At “Ainchion s
clirglial5d 7 1 spBl BF ok tRocis il is fRFea0, A0 MEPROAGhCsion of

ertically arranged in parallel at
the?égﬁacflé 'E‘;h?ﬁ%gfsé;v@k?te&. y g p

pitc a rinsing processing vessel which

accome 3tiesratd proebssirdl inkthodf deseritsddriatedthes op plairthed dnys, the
the support neans; a lid for covering the upper

invelest a@oeding e claim gl sfrhp soljestsipplicatemsislchajaeterizad i thag the

which are provided in the lid; and first piping which
orgahicovalvérheis vatpleast one kind selected from a group 'mcluging isopropyl
alcohol, diacetone alcohol, 1-methoxy-2-propanol, ethyl glycol, 1-propanol, 2-
propanol, and tetrahydrofuran, and the inert gas is at least one kind selected from a
group including nitrogen, argon, and helium.

According to the substrate processing method described in claim 4, the
selection width of the organic solvent and the inert gas is broadened, and the
substrate processing appatatus can be applied to various kinds of the substrate
processing by an arbitrary combination.

The substrate processing apparatus according to claim 6 of the invention

refers to a substrate processing apparatus comprises a vapor generating unit which
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generating unit and the jet nozzles to conmunicate
with each other, the substrate processing apparatus
characterized in that the first piping and the jet
nozzles are respectively equipped with heaters,
wherein the tenperature in the vapor generating unit
is set at Tl, the tenperature in the first piping is
set at T2, and the tenperature in the jet nozzle is
generafds amidture ahdntdrgaiienpbent vims adear andrt gad byl bapblitpethe
respective heaters such that the follow ng
inertrgalsaini anshigantvobkalsentTIsuppdi?2 means foboupporgingoa nplucdity of
organi c solvent, and the organic solvent m st of _
substgaigstocheovereically arsangad in @@wll%h at paual gitghesag réing pigcessing
fromthe jet nozzle. According to the subst

vesseh Mauds erenmppatcatths rhuahyi gl aulP&ﬁra&qsaﬁqﬂpe,rte{l ﬁtbyetmr gupport
as .inhcluding th or%ani c solv nqth1 of subm cron size L
mearia 1ch &1 GOEHNG JPHBPEY ODEBRE ) e TG PHAESTUPE varsel Jet
[ I i d . sub
o3P RSB S RS 4B L BRI oy g
seneRR AR EPURGFERLAH AfRTA NER (b 0 B sypgrrate
procé%giﬁ? %ﬁ?é&%ﬂ@&?ﬁﬁ&%ﬁﬁed GOk BE Fird %ﬁﬁﬁl%rargﬁﬂﬁr At nBzles are

uni generates a m xed gas of an organic

respes@velE Biuil pRPith Héa i, Wi éindRe tddpdbitvld im@hetvagot H@iekating
gas in an organic solvent; support neans for

unit 8YpPar T, bge @ mpevatatd inytheffirstudipingdt e dt 0',pend eret tearlerature
arranged in parallel at equal pitches; a rinsing

in thpjasamzgieny setedsEl, antiithé taupornednsrescommolleg by the respective
substrates supported by the suipport means; a lid for

heaterpgiedh thgt theefollopéng sglettensyiroholdshE: £i'hst dg pbeidiag iome of
vessel ; jet nozzles which are provided in the |id;_ and

organig sgiventyjagd the WEEHAC aplveRtsmish O voPoVCIgR $Eeis iipgluded (o the
and the zzl es to communicate wth each other,

dry gpf, gmdt .&tgttgglﬁt&’é@%i ng apparatus characterized in
h i pi ' i ded d d
E h?*%sadéﬁé%gg‘?‘% bR Pibst il B ita e R0 8 i kg ene
. X t .
oy AR 8 SR e 1 A B b

contlg\.‘)gé e Kafers @GP ﬁ‘gglto?’ﬁ{ey lo%gﬁdl)xﬁszﬁﬁd%ﬁ? tRe&iWERite processing

\ elrn th_ete rature Int _ vapor _generat!n_g un!t
appatatus ®hicht cahl casiif@afr¢MRR RS Witktiale ploRedsingSinetHIdPAd3Brib& in

set at T2' fromthe vapor generating unit to the point
claim@2. which it is connected with the second piping, the
tenperature in the second piping is set at T4,

According to claim 7 of the invention, the substrate processing apparatus
comprises a vapor generating unit which generates a mixed gas of an organic
solvent 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 multiple
substrates supported by the support means; a lid for covering the upper opening of
the rinsing processing vessel; jet nozzles which 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 a second
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the tenperature in the first piping is set at T2" the
point at which it is connected wth the second piping
to the nozzle, and the tenperature in the jet nozzle
is set at T,, and the tenperatures are controlled by
the respective heaters such that the follow ng
relationship holds: T < T2' < T4 5 T2" 5 T3 <_ boiling
poi nt of organic solvent, and the organic sol vent
pip'mg1 §tprabided it eoMdetate td Shatiddtef pohiendof tyadirstepipirigs dor
romthe jet nozzle. According to the invention of the
suppFihstil@ien gasockdri sagakindr et nsrtdgscwhbetly the fiedtgiiping, the
the substrate processing apparatus can easily carry
secomlipipimg andithe fett ozzles e sespagivei ¢mupridswithdiegtary, wherein
claim3. According to claim8 of the jnvention, th
the teuberBiuaE én Preow®os BerpraiiRmpnit iksset abdothe éeanl?qsa%lr%lmﬁ?*? first
is further characterized in that a static nixe

Pipinygr Bvicded rf]ﬂcf]\:i\ﬂ?ﬁlt ‘ihéa}‘ﬁpﬁtﬁ??’ﬁj@nﬁo‘?rf’rf ot e&m%t;f‘{ giieh it s
neﬁémgm crereneiold O Bert U BIRE ool Bl g ac T
e BE TR L6 (BLORFRRPILRDR SR, WA Ty phidBca

with th@kdBohd g?nélpg gcr)n ; néiz"l'é,ia?xd h& &mbp&atulé BY tiGet nozzle is set at

ownstre e poi'nt of conhection between the

Ts, ddd &le an%erﬂ&u?&daltehé’ontﬁﬁléﬁn@y Bhd iredpectiVd hgasérs aaohithat the
respect of the jet nozzle, the inert gas, the organic

folloﬁ@x‘x%’ fMAticHship helas The Dy gami & B0 ¥ant< yasingrmint of organic

sufficiently mxed to obtain a honbgeneous m xed gas.

solvebhened ahe orgdrdc fsotvent inoist of fsubingmoy swfe ishpanti afr thenflgt gas
is inproved. According to claim9 of the invention,

emittdddramultlse jeatezzde.ocessi ng apparatus descri bed in any
one of clains 6 to 8, is characterized jn that thg )
or gastardisg|todhe invention of the sibstragRIogessmeAPPartEydeschhed

i ncl udi ng i sopropyl al cohol lg,l acet on

in cﬁi%gﬂgq%; sllgmtﬁcg@gegglﬁg&ﬁatgs Eth RSt GULY ’ou? the substrate
prOC%ﬁgr{&%)lg&g)hi’dg% reagggfalhgl nd tetrahydrofuran, and the

e kind selected froma group
in q U ’ . .
{ ne B AT B SRR A, B MRl AR RR fpacacus
deschbed 1 1B %CLSI Rite eng@aﬂr%frt]eéizlaﬁ B 4RRi £ sak vaer 30 GréAided

Inert gas 1s broa e
downstream from the point of connection between the first piping and the second
piping and upstream in respect of the jet nozzle.

According to the substrate processing apparatus described in claim 8, in the
substrate processing apparatus described in claim 7, 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, the inert gas, the organic
solvent mist, and the organic solvent gas are sufficiently mixed to obtain a
homogeneous mixed gas. Therefore, the formation efficiency of the micro mist is
improved.

According to claim 9 of the invention, the substrate processing apparatus

described in any one of claims 6 to 8, is characterized in that the organic solvent is
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substrate processi ng apparatus can be applied to
various kinds of substrate processing by any
arbitrary conbi nati on. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a sectional view show ng a
substrate processing apparatus according to an
enbodi nent of the invention; Fig. 2 is a side view
showi ng a processing vessel referred to in the
at leastboukt kimt selected dromvergroep;induding3isoprapys iadeohol ediacetone
showi ng the processing vessel of Fig, 2 when viewed
alcoialoml tractheppdaireransi.desthyl gslyaol; s laprppanel, pRaNEpMAl ednd
of the proc i ng vessel referred to in the
tetra]é%@ﬁ%f%n?ngftiﬁ HBCItngasntS) 8h 16asePngi EiRddssleded dremppegroup

n of the a ?ereof Fig. 5is a side view of
md“ﬁhﬂkg ‘F'?&g?ma&%‘%‘r&f“ FeliiM=i g 4 Fig. 6 is a view
SO TSR afloiRE b, AR i o, v
selecE Fﬂ w17c{t1"i‘)of* the? o@%ﬁfg 9(51949}0’ ﬁ”thé lulréf‘tc‘?%?tlé '?)goicﬂe%ed and the

proces a sect’l onal

subsﬂrérkuad@w@ atdfﬁra%sy'cﬁﬁ b@rwﬁa fo VarRus 7&&1113' 8f Substrate

sectional viewillustrating the drying process 2, an

proc&lsﬁlgb@(aﬂgarbﬁraayaembm@@h view illustrating the drying
process 3; Fig. 8 is a sectional view schematically

showi ng the relationship between the |IPA vapor and a

subst r at e BRIEFTPESCRIPTIONCOESBHEADBAWING S sect i onal
vi ew schematically showing the relationship between

the | PA vapor and a substrate in the drying process as

I | I Rigt riatiedh isBctidrial- vidw WhGRing hUtuREraf tprOE8sing a8ppasatus
used; Fig. 10 is a sectional view show ng the

acconimgemmemﬁbdﬁnmﬁtofahemvpnmmessr ng apparatus; and Fig.
11 is a sectional view schenmatically show ng the
r elEgi @nshiapsidbeviame showimgl PAPwapsmganessal sefosed atoe in rthe
the drying process of the substrate processing
embedipens ofithe nvetanated in Fig. 10. BEST MODE FOR

CARRYI NG OQUT. THE | NVENTI ON
Fig. 3 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. 5 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;
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A preferred enbodi rent of the invention will be
descri bed hereafter wth reference to the draw ngs.
However, the substrat'e processing nethod and
substrate processing apparatus referred to in the
enbodi nent are nerely used as exanpl es enbodyi ng the
techni cal idea of the invention and are not intended
to IFig t8 tihex apgtidrcdbiieit %cl@émbbﬁallﬁVﬁfﬁwmg e Eél%tlonshlp
invention can be also applied to other es W t hout
betshepar thenPA vaportdral s copstrate ircklaé dByinRefrecdssng to Fig.
1, a substrate processing apparatus 10 is an:
appafigt Uk if ar spetbemalsviey tshikematicalpdiletwoingwifee reMtionship
whi ch represents an exanple of a substrate. The term
betwreacthesiBigvaparand & subsidete hrethy dudsgesoutss astilhstrgted in
the wafer, Wwi th chem cals, perform ng hydrofluoric
Fig, & avheredilnidpn nifragemeas is nee® of the waf er w r| nS| ng

t he W and-a ing drying processing to
ef?w %‘P t%r &y F?@F‘W&){M’@W t%@mpgamec @am%mnalaﬁabstrate
ese @roceSS|ng steps are continuously

pmﬁ%ﬁ‘%}gr@d’aﬁrﬁp?elap S in one processi ng vessel 15. As

oty S P D MRS 96 by oms
belRRACIHY/ TIU Q%‘péﬂ‘héx?&‘ a%‘ﬁb@ﬁ%@ﬁm @ﬂ% ﬁ%ﬁx? 1{35&%%‘%&% %uﬁstrate

vessel 15 and accessories t shown)

prdcesdivng &)p%@aﬁiéllﬁﬁﬁcﬂtéd%'mg ggvice in the
accommodat i on chanber, a supply source which supplies

various processing solutions to the processing vessel,

and a BMM@EWR@AMNGWTWEWNWIW
vessel 15 conprises an inner vessel 20,. an outer

vessel 25, and a lid 30. The inner vessel 20 is forned
in aa ;H@fér?é@@n%&ﬁ@ﬁ?%f tBO {8 4P REN b%udiés%ﬁ%eg hereafter

thereof is exposed. The outer vessel 25 surroun

withppeferanteeto (her cﬂ@hﬁh s.0f Hokevef Nl s(BsHeite %Qo@%ﬁlﬂé”'ﬁlethod
- opening of the inner vessel 20 is covered with the lid

an@Osubdteaten peoceseisge bpplratasdrefered vesinetheSembbdiokent are
are made of material which is corrosion-resistant to
melfhb’ wieshas exsuiplemembadningsthey thebhiaadiden af thi: tnvenkion, and

ol yvinylidene fluyoride material, are
areage’b %%@%géo?/lhmat the,gpplicability 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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The inner vessel 20 has sufficient depth to allow
substrate processing by dipping a |arge nunber of
wafers W(e.g., about 50 wafers W having a dianeter
of as large as 300 mmin the processing solution while
being held by a substrate holder 62 (see Fig. 3). A
processing solution drain unit 21 and a processing

hosgingt dlaimBepp] havihd sdfickére papadifedidnwhiéh bobtemmodate
portion of the inner vessel 20. In the substrate

‘thépralessitig, vashel ph whdl acva§sriesWiasireof (i@t tsheam) ywhédiirichude
parall el by a cassette guide (for exanple) at equal

anpair coaditionihg davibst imatke hotademai2tion cdoarpbe d supply source
lifting mechanism 60, which is provided with a
which shpgliseanasioss prapebsing selubimsatoeteoprisesgngivesselkand a
out and put into the inner vessel 20 by vertically

Wam/ rorveyARE Juechatis. [1diedprocessing; Y%S@hi5 | qomnrms;esm@ngner

Ve-’?%ﬁ%l Zbgﬁg' t%%"’?ﬁﬁﬁzgoémy A i T he Qgﬁ%rt #c?sggﬂ i@lﬁofo@ar@ésm a
bofiRiad B sbentnrSh %353% SHEGee %if‘%c’ff&ﬁnn%i@lﬁ’é% g outer
veﬁl %%O\M}{(Blﬁ%d:é ﬁh ﬁ%%er yg ng%ﬁgy §F ’aée%%rev&sge 2(? and the
opﬁi%] oL | 3 1wﬂer gg@geﬁr@ '1%%3‘9@1%'33‘91 gr@h%%d Bﬁc’t‘ ﬁj WRk1 20

coupled to a robo ani sm

andRiter Jféss%'ﬂ O¥Mwhid drd Hﬁd&@fﬁh%éﬂﬁ WRlcH 1§%rf3§¥cﬁﬁrés§’stant
a predeternmned location by the holding pawms 501 and

to P2 orgnis ROWent Rubh @s K drbiigorit @eRBahATPAOL W | ®lyvinylidene
drain unit 21 is equipped with an outlet 211 havi ng a
flusnElel mdieama ere acchnamodated et a ik BAvi ng a | arge
di aneter. The outlet 212 functions as a draining
mechThesnnenvetset 2pibas puifigentdeeth tohalgy sbstzatmprocessing
spolution in the processing vessel. The outlet 211

by HEPPHRE 8 ]@ﬁﬁ¢ nugnbaretferafars Ws(erhe abprb 58 seaiegs W) having a

sol utio at has cumul ated in the boftom tlon of
digpeter, e?S AFge 88 3 m&ﬁdn H@%?ﬁéﬂ%.saf%on leghging held

oy BB Y R G BT A e B0 By 22 e
}?1%%@9& s%luﬂ;@ﬂ shP?lfﬁﬁ&‘%@a@g o8 edO8h QK? ﬁofh&%%rtlon of

romt up per Ifon "of the i'nner vesse
thé hﬁﬂ@r'd‘ésgélgzo t5111 tthe dutdt3flel RAULHSR, ahRONuSERREders W are

veﬁt?:atl?;r rllilrd in i)arallel by a cassette guide (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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| ower portion of which is exposed while the upper

portion thereof is closed. Miltiple wafers coll ected

to forma group of wafers W can be housed in the

box- shaped contai ner 31. The box-shaped contai ner 31

is made of material which .is corrosion-resistant to

the organi c sol vent such as hydrofluoric acid and
shdwi), aHibthd eha3érscare Iednavd edved wonhabdatebiin@y ldégtion by

means 55 (see Fig. 3). The opening of the inner
thevbskithg Ahvdarbhead 69edAantioapenelig. 2, cibghpitobessingsohgion

nmeans 55, which causes the |id 30 to nove horizontally
drain uhié 2lpiseaquipped with ah oublet 2dnbevirgss smalDdiasnatepand an

in Fig. 2. In other_words, the noving nmeans 55
outlef Rile avyng iaf large Hamietes Theooutlet 2dn fuhetisnmes a draining

vessel 20 for a predeterm ned distance, horizontally
mesporisp havhichy zapidiygdiseharges: tthealprgcesping ssolwoni # the

DrgsaD Buerelng g it of Lol BBl PBalodvayetr frens the
orictRunBURlulifs 3o Als o Bilatedh BrdbatkSirpteRion 4 th Hner

vedbef Sl 40960 36€ F2SURBLANLLRLLY. DA ehilihg. nSNAREA with

n arc e upper  por

an %@ﬁ&{ﬁq e thO 'T&v%f‘ﬁaﬁrtio%lthégg%ﬁ %@g&dsi Mar? H?é@ﬁ%&%&eptacle

ural Jet nozzles 331 to I njec

for 1R br&%ﬁsiﬁ?%cﬁ*ﬁfi@ﬂ el flowRiY fdhd €BE hper Fortion of the inner
substantially equal intervals. As shown in Fig. 4, in

vedded2pl ural jet nozzles 331 to 337 |ocated above the
outer edge of the group of wafers W, seven col ums .
of | Ab showzl iesFiZ3 5, the B8 Blaimeludesraabgeshated container 31, the
substantially equal intervals, and six rows of jet

loweyz portsor3 8f wihich 33 2xpesedawbiedhearnpsd partivnbidteancf ial dlgsed.
qual intervals, such that the 42 jet nozzles 331 to

Multirde syafery eollrpber o femme aogromp ¢ walks &V etdebehopped in the

oo Pona REhARR, . SBRARCRNSL) BBLG5501 B 55200 Batdboria
. in.th il f 2. h ,
w8 KRR AL bt APt PRl SERHTAREL aci
| U .
er AL AAD O SRR eBlopeltl S TRk U i
3).€PBé byehih eUininkp ek gbesd 0Bk @gnstaaeanqeé;%éx{% through the

surface 3Z to have the shape of an arch. |
m@iifgehedhes5 hahidihensbapke did 30eo fRiveiHiBHutdiRe 6nBBe upper

conpati bl e ‘

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
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with the shape of the wafer Wto achi eve substantia
equal ity of such distances. As shown in Fig. 5 a gas
supply pipe 342 is connected to the jet nozzle 33,
and the gas supply pipe 342 branches into branch pipes
3421 and 3422. The same nunber of jet nozzles 33 or
the substantially sanme nunber of jet nozzles 33 is
ine¢P pAS Glr& Girt Ay Rl fodfr diRectivranghswhantidlls le(?m 1ﬁ€e%$a1s As
In such rmanner, the gas can be substanti al evenly
shobvs in iRigt Qpliralmmglﬁﬂme jétehozAiez 3Beso 387 ﬂ@hté@ébb&e ithe outer
which the injection gas is diffused at a predeterm ned
edgengl the growgf ef medetsoWdssaven ¢adummezaf jet 3®zzles 3R to 337 are
preferable that when the jet nozzle 33 injects the
arrgaged attswbstantéally equahirdervale, aid strergroopjadf newalesr 831 to
the jet nozzle_ 33 should be arranged in such

337rrlﬁ¥ﬁ1 alsot yFenged atﬁU%ﬁar&ﬁalé}h@quebmtﬁgva ot flartethe 42 jet
okl N3 5 S s O e e
A L L -

jet o8 "o 5 %, %rgﬁ%éd‘ S5 g et a2 Al R ggnmer
thafth fal%%e\%lg étﬁn-drfkgahﬁfroﬂf)ﬁéé t%ﬁ chitupas xéi‘?éeléf‘ the group of

coni rovid ']0 e on

WaTéi@eS?ﬁ’ce' ﬁ?éjbv@lgelew id Bﬁﬁﬁ%ﬁtxaﬁl&oﬁ‘sm&féﬂeah%&[ Hl&ﬁﬁcésscan
ejected. Each jet nozzle 33 15 equipped Wth a heater

eadilobe XM niféieh dy Edigtiagche REilE alrfade32 €8 haod theshape
will be omtted because it is publicly known.

of snartierlt is peefgasble thpt hesipepSditbermiline strfane be popgatible

- 3421 and 3422 Dbranching off fromthe pipe 342 are

widydbppeami 0f theawader (‘%oto Sigbiave swbsthotial expedity vef such
outer wall surfaces thereof. For exanple, a belt

distgmeasr i s used and the heaters are connected to a

ﬁgg: fégléh &g%g‘?@ﬁngq %g‘lﬁ% a Pplf Plég 3%%{50@)1111%8{&& to tixetjgtenozzle

33; ol R o ey Bl P PR e e PR BIP B e 34en
Th‘é%%%ﬁele glgnl?é}d fé@c %rozi’l%§5.‘:>&.j 0@&1@%&Qﬁmaﬂgf sine Hi&aber of jet

I'nternme nnect
nozzles 33 is connected to each of the branch pipes 842; and 342. In 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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menber 26 has a cylindrical body whose opening is the
sane as that of the |ower opening of the lid 30, and
is made of material which is corrosion-resistant to
the organic solvent such as hydrofluoric acid and | PA
- The internedi ate connecting nenber 26 is arranged
above the porous plate inserting nechanism 27 and a
| owefh®petmongl@G3 isshamicilly cneidalih ehapad smdaprovideddth a
t he upper surface of a franme body 271 in which a
holgorotise papereddsailing endishereofinfroomwipgde thegenigag i2Gdected.
is fitted in the | ower opening 311 of the box-shaped
Eaglyniehi nerzlg133 Tife eiqwewgdmhe ac dreaden i (ngt nslrdyen). 2Betailed
however may be om tted by directly fitting the lid 30
descriptiom pf She idfongzale willrke omsitéed bsratse Heis neblidasknown.

Fofdh ShESE PR A R T B ol B 20 o
et B En e e R At s nen gfl% %aﬁfr? gt fWrBdon the
res@%g%g% 8uf)efr %1)( 'sggfatc9§ 11 RGP F%{x.e% erlg,. é’%ﬁ%ﬁ%}gﬁ;&gﬁl& used and

erm ne rocesses are ft1i1nisre

theP 1REEeré8ardibfifledtad! ’ﬁd‘%‘“‘c&ﬁtrmgagﬁo@gssi%g%{i{ P §8 Sfich

corrosion-resistant to the or IC SO such ‘as
cort¥8lEQhbk k& saci d and | PA, is housed in the frame body
271. The porous plate 19 28 is coupled to a noving

mechankbowhniatFighodys, aavdds hot irzenhatiiate ¥ONGSLtink mRmber 26
sliding manner as shown in Fig. 2. The frame body 271

and augonoy stiletepbrsenisng phattan?@nizis are priedeedrbdtwedn the inner
I ongitudi nal w dth éi n the vertical direction), and a :
vesgab207md gutesrvasdebdd wadnthehldd f30am Hsoihtentie¢diatel commecting
paorous plate 28 when the porous plate 28 is housed in
menpers 26 S@o@bﬂl@dn?alﬁpé%ﬁgowzpem@g isXhemame ps thabof the
2 mm_In the,.drying .process,. part f the dry gas i.s . ..
Lovisy, (PReERE | if o Biheligh il oo amefe, oF; MASTAD gijch is
cox%é?ié%gsi%%n%fgo Eeigetp&l’neegseag%% Q@y_'ea@ Suck 23 %%rlé];ggx)u’?rqg abiand TPA.
- A i V |
T3l R, R g BEIR REIBE LR AL AR BIRE) ot
inset8he rhecHH15R02 PahWeL o dio S hP 26, RE PeEIRInad t%@h%]in 50 as
and the rinsing processing unit and thée sink 29. The
to pbubtise uppat suPBick 9f ianGafdecbo el e &l wiHich ianfoudate 28 is

outer vessels 20 and 25 and the
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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i nternedi ate connecting nmenber 26 to partition the

i nner vessel 20 and the 1lid 30. In other words, the
porous plate 28 functions as a shutter which
separates the rinsing processing unit fromthe drying
processing unit. Hereafter, piping connection between
the processing vessel 15 and its accessories will be

28 descuplbédo i mbvirgf micehasisho(fdtGhotvn) And BeEs&EItAly moved in
solution introducing pipe 221 is connected to the

a spidoeg ssimperse shtavonirs Bppl 3 The frag bedoRT deshising tthe porous
bott om portion of the inner vessel 20 and is al so

plajerifebaea predeterpuinedangitudingl widdb i éh8&erticadudjnection),
flow control valve and a_punp. The processing

and & gan énz isformeddiatyepn she dpamethogdatdierang the pdreus plave 28
control and _the pu serves_as the_processing

A

whep, thei Rogous plate sedpn the dragpe bpA¥ Rldes t he

s R T e
of B,k 2 4F ateaket dnBl P ik il SHEIPES sinpe Hha san 27 is
forf{AT hEByeor IR Rl WA IP20 Bl SO b ST BB b0 4 by
“x’8fn Rigent aikuit-eroRed atdtesis f.aelﬂ.@aqﬂ.e@ge&ﬂﬂr}g Q%rrl&u VRARE 20T and

processing (for exanple, rinsing, etchi

thoXt B hpthe gdPx, i.&0tIRMERlRsel Reatehs Mh1@déSbtvfoen the drying
sel ected from anong hydrofluoric acid, hydrochloric

praessinghymit agdrthpeimsing @rocisking it agiddhe v 9Wal®e porous
ammonia water, surfactant, am ne organic sol vent, :
plate 2§ imimsertgdrvet weehvtdet innancinddaitenivesstln@esind Bheand the
. appropriate solution in which the above chem cals
intepedintsccopnreldng snember 36 ta@adbitionAdesnoen vesseti2g. and the
. t€$ rocgssi ng .sol ution dralln unit 21 provided. .in the.
lidpdY+ Hin95BeTE i dss thedoreie lates 48| upgtipng |agdasshatter which
outlet .21l of small .di arret{er a{‘%@rn.outl et 212 of,
sepafplEs S HRPME PHessine Porttom therins prpeessing it ed
to t i I b IRes 3 .
0, Sban! oHARR Shptl A BLATS2k AIERTR: voree) 15 and s
actls8bieP VAN HBErIRE Withy ré@réﬂ%@%ﬂ%g‘?‘g, %ni)ﬂ;cgséiﬁ%vs%iution
the punp, and the flow control valve”™ SimtTarly, the
inttb@héinpi fige 282 ik conBOEYRE CloCthd ﬁro%@sﬁﬁ@tas‘ﬁﬁlti&[ QGEPH Ufit 22
e

facility 41 through the on-off val ve,
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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punp, and the flow control valve. The sink 29 is also
connected to an exhaust processing facility 411. A
drain pipe 251 is connected to the | ower portion of

t he. outer vessel 25, and the drain pipe 231. Further,
a vapor supply nmechanism 37, which is intended to
accunul ate the organic sol vent such as isopropyl

exain®ddiolthe| Rhpmiedlvenre kélectdovirei@d fi@ahgt B§drofluoric acid,
processi ng vessel 15. The organic solvent such as the

hytiRkhlent veid, lgaiopyn Hexeside) thiftihie a@deozoremaiabén)Gir®onia
and adhering to the surface of the wafer W while

wadteni mgrfestandmenyinei brganisusdlaent,t Snsrion. ofgamic venboent, and
supply mechani sm 37 is provided with a vapor

de @%t‘ﬁ’&iﬁr-uﬁhﬁ FMropyiate sohetaen inhwhiekhydhie calswiev eemicals
vapori zes the organic sol vent and generates msts by

ShB‘&%bleF rgxedhis w56 4s peededn t he organi ¢ sol vent. The

hoat PrgTogeae R 2 T aredresDeairaon SErUoHeI & Aeaded in
tn hePlof Pk "Fh S TS £oisit il p1SERR 285 og et

. i i,Di 61 | PA J
BB P TRl AR B s
cohfébted 6 tRE reRRVERin Pisds P8 Sl §§zt§ Sg#egzgl%fy The drain

group including 21 organic conpounds

pisk 28E1:Q08Nn8EteAR6a drhiARrHQRs¥ing REIRF A0 thr&& MY hn on-off valve,
gl ycol, 1-propanol, 2-propanol, and tetrahydrofuran. A

the epon®, id1al thgaBowupgltyol adlas Sinilsrl06he cdrath teipkhes, is
vapor generation unit 371 through piping 351 and .

copigitag t83tRexihmstniroreyang Gadlity 41ithreugipthedntaff vakve, the
bottom portion of the vapor generation unit 371 to

PugaheEt &e o spntney yabyebBhe sinkn 29 Bnalshaonhested to an exhaust

accuymul teld in the_vapor generation unit 371, which_
Precesang Relitpat g fofrain RinaiZdg is senpesied de thadowes portion of

Pi pi 37 derj ved,from,th ti it
b o Rt eI G S e B Bt oy pe 342 thr ough 8
t at | ' d th ' ford D i er,
o s i s Mo sk SRRy 7 n i i infiied to
acki R Afe AP a1 9E @va%ﬁﬂt A HNLd é%)%ﬂp¥]]:|§ﬁ:5ﬁ{3lz gl(lj\%glt solvent, is

shown) are respectively provid e ou
prévideaRarthe grocedrin ogs%eS%ZThélu anfRNbIvdd shdad g TPA
e

tenperatures thereof are control
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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by the CPU 12. Meanwhile, the static mxer Mis
provided in order to honbgenize the m xed gas by
accel erating the degree of mxture of the m xed gas
containing the carrier gas N2 and the | PA vapor. A
first inert gas supply source 34 supplies inert gas
such as nitrogen gas N2 through piping 341 to the

orgame rguddids Theeht anpéaatone abdohihel pigthogy-23gbpasiol, ethyl
al so controlled to a predeterm ned degree by the belt
glyeehtlepropanel, praregeh aubtditaliobesfmen. nerely dil ute
the m xture of inert gas_and the organic sol vent
vapoft fecontt Heerbages syEPEY stousee A tis 3dhnebied ite FHesvapor
useful for_ the purging and finish-drying steps in the
geperstoasyniy 3fadbeougls pimegi e snd\piping gbre. e mistagemgas N

e AT XL A —
M B SR Delhd n 5 Sl
STE SR ol i 1 oo (il e SR B R PP p e
oYU TREL sl ol TSI S LB RLIR D 0

thidu@M & REa1ah aRixCAM SHAR ! the SAW gD of MOS8 Eas No and the
processing 22 solution introduCing pipe 221 and the

IPAvegpes i aghiddditd (e jpUPBEXle B froBlthedtborldi@eRson adit 37;.
chem cals are then stored in the i nner vessel 20.

Heatery iohghpwn) surbstes peativplp pessided off the exterphell surfaces of
etching, hydrofluoric acid treatnent, and rinsing) is :
the piriogAed 12, 3 hiheanhBéz,sanW the tethppratyresmerienf ahe controlled
pr.ocessi ng% solution. Upon the conpletion of such
0

bycHn(Cl pt-oblepaivlyle, alfies wbatic ionixer M. i payvidedeirporder to
hopHegniAg e B BoRielerehnE P N T Prbieae o hhe mixed
eof B AP e BRI P SOF5 TS,
PR SBBSAUL Bty LOBRE P RREE T PYE N en
i LT e
34} apmlperdoatrollicdt {ore bHeedwdskniidd HBEree 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
procéssing 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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chem cal s HF which have remained in the inner vessel

20. After the rinsing process, in one particular

drying process 1 illustrated in Fig. 7(b), the

conti nuous supply of pure water DIWis term nated,

and the group of wafers Ws slowy raised fromthe

i nner vessel 20 (slow up speed) while being supplied
solutibh introdatingapiperi2; ehdpiheeproatssing Oonad1grpls anigd .and

The smal | anmount of | PA vapor can al so be
thesdesiredcbemdtals sanepthiead stored inhehepiromesedssgl 26s gekoribngly,

while the group of wafers Ws being raised. Then, in
subgtratigeprogesping (for sxesple, ¢tching, hydedfliericiagid teejment, and
. drain nmechani smvalve of the outlet 212 lying at the
ring®) i prsfannesd e thgewalnrs Vs by rdipping shemsin ghe processing

operated to drain the processing solution rapidly, and
Solf‘ﬁ‘@nporous plate 28 is inserted between the inner

ConnaBet e Fentdriog S e Lietnitah e pesie pratiowpen Fig

' I inte. t:h hody 27 t
Ty BHFER AL DI IR, Al TR EossfT B0, SO bure
Wagéssgfplg%"gu}r 38 Fhy Ofhd éro%@&%%%ﬁl&t?on II&SO&E{){% pli%e 22

VESS ese operations are p ormed as s

anlliBe ?F@Jéssing%%lﬁﬁ@n %Eﬁg%?nig%ﬂ} %ﬁHiFedm}é?ﬂBQ@nQ%ﬁ}Fyg? ¢hSdPper

and the nozzl e 33. rying process 2,

potidndl thesiaheeRbss62 200 ThB ot BE1dwia e REa i@ IV flbvs into the
cones into contact with the surface of each wafer W

outemdrestrd 2A5PAndiis irameddnolanhedrannpipetdt thrsdgdctheodrdih@ipe.

wafer Wto forma filmof |IPA Wen the organic .
. Theprweeater issuppliddoforraaredativély leng pexied of tinhetovahieh o\lf the

| PA is_substituted for, £ the pure water adhering to the
chegicals FEF whighchaye rempinesdigy e isnes yessed 0. t ensi on of

t he r ter. decreases to, allowit to. flow down from

or ewt Eathe HRENG HRERSofin HECHEFICaTa iy process 1
S LA L EER TR RE R
ORS00 D USER 1 Bpagn oo
208?%?222%?%2% gf‘.hﬂ%%éiﬁg\éﬁiiﬁbd IAtMREImbea AU hP9f pure water
(DIW water-saving). The small amount of IPA 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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In the above processes, pressure in the lid 30 (the
drying processing unit) is set higher than that of
the sink and the evacuating station for the sink, and
pressure in the lid 30 is also set higher than that of
the inner vessel 20 (rinsing processing unit) and
pressure of the evacuating station for the inner

vessBhe 2y giseiseheated h¢heatipirg; 64, bhd fHeowondle t® In the
dry gas becones lamnar flow in the drying processing

dryingtproessd 2, lthe drgalgaml@m vapbvh iy thepemestieg vesssh 1Fheomes
exhaust pipe to the outside of the vessel. During this
intgrguias Witheheeyrizes of sadveralyr Sppid e HiA sdshisgontbnsed
rs, water, marks do__not form on the substrate
On%FheaéErfaaﬁ deﬁélﬁ't vefas W ﬁ&thﬁav@ fder of dBA: WWhen rthecangamc

solgank AR S IgrERg o7k b EREiBes Of tha cuator i HEh 1+ obstituted for
oA S, AR R W
N T B B
thel %urfazé’og\j_mt%ﬁéwr%e A on “IPAt %ﬂqgjﬁg% tﬂP%S%iﬁs%#é%f ?ﬁace is

%ﬂorﬁ/ﬁﬂe t he tenperat ure in the vapor generating
vessel 371 is Ti, the tenperature in the piping 3712

is TR anbﬂerttﬂweg ahotess BnilkReraAbQiin Q?‘1§4‘1(d)5tﬁrémt'i‘9§en gas
tenperature in the piping 342 is T2", and

N:tigspppla¢diireordertthalryehesabatieuted TIP3, afidube gtrbﬁp of wafers W’
tenperatures T1, T2', T4, T2", and T3 at respective .
18 f@(k@l’ltql@lﬁ the peoesssingvessel b5 Sﬂdtans’tfhﬁ diyingmpowess 3 ends.
exprIe ??;lon (1), and thereby allow the size of the IPA
m stiTehRq ROV Prafesses, Jpé@ssmse znéhss‘ld 380 theedaying processing

5§ Yoo B AL e L Spelb el Y e
sl bR SnIXTER) | BOERETER: ol R esso
20 (Rhshfe PPSREVIREE Bit) RadTYRLRL e 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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phenonmenon if it consists of several particles having
m cron size but cannot be seen in relation to the
Tyndal | phenonmenon when the m st conprises particles
of subm cron size, thereby requiring the use of a
particular nmeasuring device. In the enbodi nrent of the
present invention, since the size of the |IPA m st
canmnghedeze confirnmed by the Tyndall phenonmenon, the

m st fornmed constitutes particles of submcron size.
Howebhertemperhtasrebinehenciped gehbedtingeedsels 87 ofs Bybmi cron
size is not conpletely forned in the gas, but exists

i n tihe temperdtuwedndheTipingedpeialute in the jet nozzle
or T3 is controlled so as not to exceed the boiling
poi rihe(tgmperaurefin tha niping 34weistT4 he | PA nist from

bei ng conpl etely vaporized. The nunber of particles of
-t he Bedamnerabirgdn:the ripingdnis Tacardised  wit hout

[ [ th t .of ni I t tob
| Cr SRR g AU of jorganl g sol vent tobe
o DB, B et s 13, g T TR T AP ongive; ositions
st he: ' ' heq - ,
axd SA4EH oL Uiy S LRGSR MGl b Bl she siseof
thd TPASmMStORR {tb@ YRLS yhdﬁg&r %ﬁ?ﬁé. 381 ¢h Q@é A é}&lr%ﬂﬁ%ly small
h a result,

increase in the 25 nunber of m sts.

paftgflaugianidier,068 g ifAIMENdxtVaREly SRR REist| WhaH €dnh8t be
the substrate while a specific surface area thereof is

obsemeedas eelatiohhte theVEyndll ghibsérmbnibn,dre. ehiistch@&Aay sebmicron
~the organic solvent for the rinsing solutionis .
sizg niprioved. In otheprebeisatthe thstt caadie thegerdthy éhe Tyndall
referred to in expression (1) is kept constant or
rhepomaeaen if itrensissedf savexel perticlhe haviimjeronf sirerbdt catnot
of the inert gas including the |IPA vapor containing
be sgen | ipArdlpipn g the dypoall ghenemenen svetethe anigncqmprises
l,ower than the point of saturation is obtainedg by ,
patfE |01 SRR B e en oot RO o hengf & particular
t uRj 7 ] ature. of the m xed gas.
meISRRLE A e Th ko Eptoifhont BB, Bl otai St @8 %ine
of €18 [PAUnst UEILBE HeelorMAFAE by X eti;ﬁ{d&ﬁﬁh&g&?%ﬂéﬁ} PR miist
of organic solvent ~vapor 1n”the pPiping an e je
forp@az behdtRuedd phiaéled ofRdbasicRd 888! Howder, it has been 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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di anmeter of the organic solvent m st does not growin -
the m xed gas. Further, IPAis gradually vaporized
fromthe surface of the IPA mst to decrease the
particle diameter of the IPA mst while the |IPA noves
fromthe piping and the nozzle, thereby allow ng dry
gas containing IPA msts of submcron size to be

nuedsr! f atis@i ned.a regilbebecduse thexedgatdis dodvémdvhport B8n be
vapor generation unit 371 out of the inert gas

injectedud the silestrdtd whplera epatific niunfiack RAerl Hesedia inafeased,
| PA gas whose concentration is |ower than the point
theflewelt of aubstitutipndieffitiencyniof thei megamigaslvempafoat ey rinsing
suppl.ied fromthe piping 341. Therefore, since the
solugwadatimprpeed.of | PA gas di mnishes in the m xed gas,
dry gas coptajning |IPA m'sts of submicron size can be .
s uppﬁi sreferable thagcashitampesatiue referaedbgin grpresaion (1) is

kep AR erpaually dopdiaarbarhihie, e Baes g tmadhgut of
the ffert st PRtk et BHE0k fiiabiunt of A onibf B Bt Tea
st SRS oAt Mgl Bl u Gol ofpby' oLl 43R by
BBl e Merf Bl HE IR MY JPe ot By Ao it BT The

teib&tfueabf tlaPhkyd E8Y AR OnEEAGES HANREY iBbRSbaLWSS] it
even if many substrates having a | arge diameter are

is bodtied firomt tie pytosesdé,ng tivastel cdidendBeiohhel sxdainge solvent
supply of continuously |arge anounts of organic

vapet verthevgiptng einds tiejjetr onzae ze dlonirepedcend e 4 iresiltgthe |
.solution adhering to the substrate is assured. As a
digragiert of $hpsengapec mobaadsiigt tdose wetn gbew Bhdheendged gas.
ile e.rate_of drying processing efficiency is E
Fugﬂ“rﬁ]} tfg’gebmgr%duﬂlbbrVéveH,ZEtérfaothh& sruraganticthe IPA mist to
accel eration ,of,.the dryj ocessi can '
do§Efe ShpaRicip intiaee ¢ f A ETE0wHe BF Bhmaeres from the
. v e rticul arly increased.. ide th
el ECHpl, HherePRANGH B o, S TS img e e of

BRSBTSl be LT Qg (e suber et surfece

dryi ParfHepCihesiniebd Safopfled ialt®e viPor generation unit 371 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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t hat re-adhesion of particles can be also prevented.
In the above node, the inert gas for dilution is
supplied fromthe piping 341. The inert gas for
dilution is not always required in order to obtain
| PA msts of submicron size. In this case, tenperature
control sinply may be perforned so as to satisfy the
exprBeses, onh¢rl punwiriohe IPAenistapé sabmiesnafized hee gintaliged in
pi eces 3712, 342, 3421, and 3422 which connect the
the, dpoigage meetamiists ceminapdily invdde Hberspezbe be8wder fsabstrates
fromone another. Alternatively, the pieces of piping
evegyifanamy subsinates haying adarge dispegter are lasdeddndhe processing

T R T T Y S
s LTI O S S TSR ks
SRR YA TS SR Ao 2k 1S e e
<nGRENEH w1 OBAESAL Sl D BGR GSLE, KAkl

imbFfvedi aNBIe @RmiANeHRE dR0IEr S/ Sf‘%héﬂl?}%inilgn%folﬁgss‘}fxg can be
t o he organ

Iy
gas does not grow. In addition, par C

aclsieVy@NAt i thel sdrhBetimea Pitel a8%und lofl 6RO} obktasSeP ot be
the organic solvent mst before the organic solvent iIs

pastiiuladg iheemsedewhilz the genbiathorabt wateriherksi 2@ 19 edthemely
organic solvent mst in the dry gas to. becone

redbehi or osubskamtihBy , eEimnatedhén otlyaubstalte estirfaegoF uirther,
not condensed in the piping and the jet nozzle, there :

particlp adbegion: isaelimpratedr apd ghg dxying prddessingmstdneelerated so

ozzle. Ln the epbodi nent of the invention, it is
thajner pan ?ﬂ%@rt{gi%s 531 @S@rﬁr@véﬂt%e substrate

oo YA L 2 2 o

e A T
i ' . | )

IPRWNGs QF‘QIJEIPFcer{g Qlit:i'eqrh Ofis Chse %‘éﬂ%ﬁggt@g%ﬁﬁfgl{%ﬁpﬁﬁy may

with the walls of e appar at Us. _
be peforaiedodo hEeo akiaky HHe ledpkeRiord 1®, VAR thd %@.rﬁb@fdtﬁges of

unit should have a conical or circular are shape. |
theapigiitg pigces B&12, 342, 3421, and 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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nunber of step differences in the dry gas supply
pi pi ng has been decreased, and apertures are forned
such that the size thereof is not renarkably bigger
than that of prior art. Further, the bubbling nozzle
in the vapor generating unit should have a snal
di aneter and quick injection speed. Finally, the state
froimm thii soirfadeect] fife wirgdnicssoete todstshéfetre tthe eorganid dvent is
rinsing solution adhering to the substrate by using
emdtted Jaem dba treizalen v hiPia allviwst heofizes abthecoganse gdvent mist in
be described. Figs. 8 and 9 are sectional views
the dre gas t¢ hpeome FBlmieronh Furthen siowe ihe obgamiseolvensé viapor is

vapor, and fhe, substrate durjng the drying proceSS|n
mhcand@lﬁel iisthemiring andathe igharzzlendhiege ys qusfaar that TPA -

dr éjég's Efbfa ozt &?Bss‘deé?'gfgczﬂza;”; he Lié\emi A which
f:o(net n h%asfliib dﬁﬁlnﬁ?%e b?f!?vgel?{ﬁ?nsl gts 18 Fﬁ’ eraple,)thatqthe
coxﬁ%gﬁeﬁﬁdofﬁzhgd%ubs%a%é p?Hﬁesgfn%) rﬁ%ra%&%% %&P t hr[egdg%s follows,

ocess of
in %{'t;f%/rl t%‘)gﬁireﬁ'e%t g%% ?1?1%1%9%1& ‘fﬁg‘i)é}%sﬁe?hc}g\l}%e ﬁ{]}f‘%&ﬁfﬁssog{rerit mist and

cotd¥isatidg theYedadus Q@‘tﬁé RbIMEi s 8 B oen#é QoRfent Fﬁﬁst.f‘hﬁﬂ? each
(liquid) of submcron size and the nitrogen gas

ot{gashdithedellivieneel tite o2ganibesolvertemestROwitd:s sied w?laﬁlsaﬁﬁ the
supplied in the spaces between the wafers W [IPAis

appatsiist (Rled fsortl{al \bppdbertiong of athiechbubhbfiap Widky dfhghe vapor
supply of dry as shown in Fig. 8(b). Since the :
- gepEARtHgs Uy @éﬂ@\ffeumeoxpaalt irctiveulandreghgpe. Braddision, the
are suppl i various | PA particles adhere to one DIW
r i estep lff‘?ﬁeé]tce$ in thedsy gps sapplkpmﬁagQI@Lhwpu dagreaped,
W The

ané\ﬁa“ﬁsflaieé ey Saeh Hoh h%gﬂq@%%{)gf’f faptisgarkably bigger
th@xg %ﬁgtc‘t?f 12:90 1 g eS:LFl%r%hﬁ* ggetb z:g 1%%3%2@]@6}1)1&? %%Feg?&%ergtmg
unfl ﬁ&mﬁ@?ﬁv@% rﬁgﬁfalahl%@éé ¥ §{J&n S Cadqer ef fect

due to anount trogen gas , supplied

and papdlyihé @%t@fﬁeﬁhldhstlﬁbﬂ@i A& Rh¥%ak %o %ﬁggtltute for the
degree by using I PA msts of submcron size.

rirlsine weluticonadbedaz o theagtistrmeks as@gI@Repas @dntsymng IPA
residual DIWin the process of drying wafers wth a

miksty gfesudinaiveeesize will be described. Figs. 8 and 9 are sectional views
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. 6, 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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In the case where the dry gas containing | PA msts of
subm cron size is further diluted with inert gas, the
| PA vapor concentration in the dry gas is reduced,
such that the IPA mist is sufficiently distributed

t hroughout the substrate. Therefore, as shown in Fig.
9, the IPA msts of subm cron size can be

thec pnodensingstesseintb emendypiggpln elde epetest isetihenddepefers W,
ortions of the wafers Wdue to the | arge anounts of
IPE as pulestityded figi DIV adleering tgdlse wadertt W by the lsapply of dry gas

anpunts of carrier gas enables the | PA msts of
as sheyndnohig. $(be SinreadiectRA miph dompriseDfing eirtictisentd many
ubstitution_of DIWby_ the IPA mists takes place.
TP gia o HFGTPP edevaﬂoeﬁmmaﬁayleaw@@enetmmDrlw, 2didtheg PA

[ di anet er e the | evel of
mlvf .eﬁﬁi%r g%/@ l%t 3é1s %«-,1@4;"3 f?ifa@ n, 38 sbawadn Fig. 8(c),

A efar L BERER R AER e Rle tlreres %ﬁaiﬁm%?ﬁ%%vegsgek% In
G520, AL S e AL M1 5
miSPAES ﬁ@\f‘sxﬁﬁc gﬁé@&% etil% %Pﬂtexe gff?(t@ cg?els & {}Fedsxinall amount

description o I nce

of Bithb@drSghd B Eﬂﬁpl‘iﬁ ﬁnﬁ%ﬂyﬁ dl?l I\/Bé grfed RNbLaidedl (klgry 3% me

nitrogen gas i s m xed What is clalne

dedreefbg ulxihg APA PHISTE 86 isRniiBEHOdiden SMIL,CRowe D T @E(,%smn
surface is dried by injecting it with dry gas

watenprarks rge genkexdted e yofesaduadr DEWI o ol yerbsy abdryiapavafers
an inert gas, the substrate processing nethod
widhadaxgeedipmeader.n that the dry gas is a mixture of

I ner s and the organic solvent va wherein the
i xetn %afsca%@ W ?rr?e@leo‘i}ry mﬁomntﬁgllﬂaég’m@r&ts ghsubmiemn size

SRR o Tl e B e
o B, L0, DEPS 6ud 1 AR08, BB ne
A T W B PR o
be | @n¥Rfucdslyl 3nd 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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and the tenperatures are controlled such that the

following relationship holds: T, 5 T2 < T3 <_boiling

poi nt of organic solvent, and the organic solvent m st

of submcron size is part of the dry gas emtted from

said jet nozzle. 2. A substrate processing nethod in

whi ch a substrate surface is dried by injecting it

with dry gas contai ni ngCRATMS ure of an organic

sol vent vapor and an inert gas, the substrate

processi ng nethod characterized in that the dry gas
Wha€ @dl@idddig the m xture of inert gas and the organic

sol vent vapor is further diluted wth dilution gas of

the sane kind of inert gas, wherein the mxed gas is

f orymeda Bubstdprdcegingtettiny in whiwhiasudRtrategARface is dried by

solvent in a vapor generating unit, wherein the
injectiagnewithuirg das cohprisapoa nyrnee af iangorganic sobvenevapdr ahd, an

the tenperature of the mxed gas is set at T2' from
inerttdag, vapor generating unit wuntil the mxed gas is

diluted with the dilution gas, 30 the tenperature of

t héregubsitatoprogassingmedrodgharagterized in ghas shadin gasds a pygture

m xed gas containing the organic solvent, and th

of inexepps gad the ogganisolyont yapornwheegn the mmiged gas s fopaned by
i is.diluted.with the diluti .and th
bubbfigigie BET a8 if op AL stk 3ep Sendr b€l ool o
[ t at,,T d. the t \ > led h
t nab el g ormigher &y SERRCR dheReRRI-ROR syt o0,
<_ thé termr Jﬁﬁa’@%# fh'%gmggi'dn% sOfon®difRY eS8 solRRE ahBGhe
organic go vent mst o sabmcron 1 ze |§|ncluded I'n

inert!dd8 iHeY 8PS fro@the kg bt g&;}mfgﬂg unftttoRGéZhSsz1S and

substrate processing nethod according to claim1l or 2,

chaghatdfipérafte of thd Mgt gak ReniQEQRBICthE GetMRITE1d i séttat Teast
one kind selected froma group including isopropyl

al cafibthe dinguedtons alecahmtolled-sweh hbaty ¢t foltypanglrelationship
et hyl glycol,
holds:

T, < T, < T;<boiling point of organic solvent, and

the organic solvent mist of submicron size is part of the dry gas emitted
from said jet nozzle.

2. A substrate processing method in which a substrate surface is dried by
injecting it with dry gas containing a mixture of an organic solvent vapor and an
inert gas,

the substrate processing method characterized in that the dry gas containing
the mixture of inert gas and the organic solvent vapor is further diluted with
dilution gas of the same kind of inert gas, wherein the mixed gas is formed by
bubbling the inert gas in an organic solvent in a vapor generating unit,

wherein the temperature in the vapor generating unit is set at T,

the temperature of the mixed gas is set at T,’ from the vapor generating unit

until the mixed gas is diluted with the dilution gas,
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1- propanol, 2-propanol, and tetrahydrofuran, and said
inert gas is at |east one kind selected froma group
including nitrogen, argon, and helium 4. A substrate
processi ng apparatus including: a vapor generating
Unkﬂet‘éﬁlﬁ&t&&@tﬁ&ﬁﬁuﬁoﬁk&@ﬂ 8@ 1Qf an organic sol vent
vapor and an inert gas by bubbling the inert gas in an
OF G {eenS@AMEN b tha!PERE gi®anstaimfig shp pasahingolgent and the
plurality of substrates vertically arranged in

inert &y iglsetedt Bt te chegjet poAzchafter the nirsd gy ipddetedsiity theedibeion
whi ch accommpdates the plurality of substrates

gas, andpported by the support neans; a lid for covering the
upper opening of said rinsin rocessi ng vessel; jet
notlxd Empgritore efrthe g bﬁiisd‘tfﬂlttea f{)fﬁé the igt nazgzde sisesat Ts,

pi pi ng_which allows the vapor neratijn nit and the .
} e 8 dine tE@PEERUIED A, SPEEPUA SR Hia D AP wingp Eelationship
substrate processi ng apparatus characterized in that
$he first piping and the jet nozzles are respectively
equi pped_w t hheaters... .ej tune in the
v Gerehian Fros drato Rt O bigfinkGREpf ot
tenpe ro‘?%zﬂ{i@ sbﬂfeh{ﬁnigf LFLsuBhRbRB tiSe $8tin@hdd® indRE dfyD8as
tenperature i'n the jet nozzle is set at T3, and the
: controlled by the respective heaters
emlt%%?‘%%t; E{éét%ﬁoeﬁkfeol | owi ng relationship holds: Tt < T2 <
T3 3<bqy kmﬁs@a&oﬂf»@bes@hg%@t@\aa@cmﬂm,clanm e, cigyartetzed
solvent m st of submicron size is part of the dry gas
in thefrilid eezanid evivéreisj &t leasizanee kindl. sefecsetb fibmategroup including
processi ng apparatus including: a vapor generating
isoprapylt atholodl, gdimeemnes dcotioled]l-gecthoty-anremagahi cetbyll velsieol,
vapor and an inert gas by bubbling the inert glas in an
1-prapageh i2epropananand tatrapudrofimannand stidgngrnhas ismy lgast one kind
lurality of substrates verticall rranged in

selecgagrfgpm@ graup érfleding piteogeg,; argon, and hétum.

4. A substrate processing apparatus including:

hold

a vapor generating unit which generates a mixed gas of an organic solvent
vapor and an inert gas by bubbling the inert gas in an organic solvent;

support means for supporting a plurality of substrates vertically arranged in
parallel at equal pitches;

a rinsing processing vessel which accommodates the plurality of substrates
supported by the support means;

a lid for covering the upper opening of said rinsing processing vessel;

jet nozzles which 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,

wherein the temperature in the vapor generating unit is set at Ty,
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a rinsing processing vessel which accommodates the
plurality of substrates supported by the support
nmeans; a lid for covering the upper opening of said
rinsing processing vessel; jet nozzles which are

pr chd weperatutehio the frst aiing isrsst atolpand whi ch al | ows t he
vapor generating unit and the jet nozzles to
cothftermneraurg inthe gt pogalpdyset ek subst rat e processi ng

apparatus characterized i at, a second.piping IS

o 504 dbt e e gt canirplledh B thERBTRE KRB fudtppar the

first pipi.ng.for the purpose of supplying dilution
following rBIf"P‘PﬁsehlgélHE{Ski nd gf !Onert gas, Itoﬁe first piping,

th 0 | Dk J yA are

re?pﬁec ﬁ%gl’ gw’!é‘ggip(ﬁg@%?@ﬂ lﬁgeoe{?(glr%’s%rﬁlsv\her ein the

E ﬁgﬁete (E:)) b€ sd1PerdtNRisY %PQPbﬂﬁ&@ﬁ aldend AR bf kife 88} §@§ feﬂ_l'itted

erature in the first pipingis set at T rom

fromtﬂly@jeyﬁgpﬂe.generati ng unit to the point in whichit is
connected with the second piping, the tenperature in

t h&. sec aishthatdprogessmgIppamtusTidcluding: t enperature in the
first piping is set at T2" fromthe point in which it
i S a wpongehadting tthit twhecls gemaratepiaphixgd tges h@nrrganie solvent
and 32 the tenperature of the jet nozzle is set at T3,
vaponaud ohénart ggseryaubbling shesingtgas ) i Argepia W&venEspect i ve
heat.ers such that the followng.relationship holds: ..
TI supmrort meapa for sppportingRplyrality of ,%I?Wt%fvef)tﬂ‘%élﬁiaémnged In
sqQl vent, and the organic solvent m st of submcron
paraliglagequal pifchesys the dry gas emitted fromsaid jet

l.e.. 6. A substrate pi ' i
0 aeTigsing sraseSine PR SR RREG b ARETAL pltFalRG R S Races
' f th int of ti
suppBP LY e SRBFLRERI | 0Tt o Pohe. sacond bt pi ng. and
upst fERIP dRefifS MR g&f oﬁé?ﬁng'osf sd1@ AkbiBg plocebsifiglPedseiat e

processing appar at described in any one of clainms 4
t 0 jBs noZhArAsER hiczsbvided imale lid)anar gani ¢ solvent is at

| east one kind selected froma group

first piping which allows the vapor generating unit and the jet nozzles to
communicate with each other,

the substrate processing apparatus characterized in that a second piping is
provided and connected to the middle portion of the first piping for the purpose of
supplying dilution gas of the same kind of inert gas,

the first piping, the second piping, and the jet nozzles are respectively
equipped with heaters,

wherein the temperature in the vapor generating unit is set at T,

the temperature in the first piping is set at T;’ from the vapor generating
unit to the point in which it is connected with the second piping,

the temperature in the second piping is set at Ty,

the temperature in the first piping is set at T,” from the point in which it is

connected with the second piping to the nozzle, and
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i ncl udi ng i sopropyl al cohol, diacetone al cohol,

1- met hoxy- 2- propanol, ethyl glycol, |-propanol,
2-propanol, and tetrahydrofuran, and the inert gas is
at |least one kind selected froma group including

ni thetameratbeoef, theiet nearlicdnsetag Ts,

and the temperatures are controlled by the respective heaters such that the
following relationship holds:

T, <T; <T4<T, <Ts<boiling point of organic solvent, and

the organic solvent mist of submicron size is part of the dry gas emitted
from said jet nozzle.

6. A substrate processing apparatus according to claim S 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.

7. A substrate processing apparatus described in any one of claims 4 to 6,
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,

1-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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