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1 Substrate Processing Method and Substrate Processing Apparatus
BACKGROUND OF THE INVENTION 5 Field of the Invention [0001] The
present invention relates to a substrate processing method for cleaning
substrates such as semiconductor wafers and then drying the substrates,
and a substrate processing method 10 therefor. Background Art [0002]
When manufacturing a semiconductor device, a processing 15 apparatus
is used for cleaning, @itih Hreatee PfEceRmicaMguith @ aethiconductor

wafer (referred to as "g/la‘I erfé rbaetlgvpr%e%g olf '%lgsch 8%% én a cleaning
a process liqui

process performed by 2UCR an apparatus, 0 such as a
deionized water is supplied to a wafer, and thereafter the wafer is rotated
to remove liquid dropigte ke reyOR [2 @gue et ey sarifuga force so as

toégr the E{ger.iOOOS Conventional methods for drying a wafer include
m thé)l(ﬁlsoxvo ﬁr W’ﬁ tlr%?ating wafer with an IPA (isopropyl alcohol)

vap0fOdpraying a rotating wafer with atomized IPA, and supplying an IPA

25 'lClIU_'d tqﬁé@@ﬁeggvﬁf?rn%ﬁtm?m;@t&@@rt@rxlfaﬁ&ﬁa Mﬁf?ﬂ“é, wdleessing
su [ eionized water wafer from a nozzle that radially m

o TR A 51 FLE OISR CHPSLEN RS ey 20 oG oot arePs ane
thet lilental thydrvgafeh et sUbSSitRe A eaadrctoa tise Rstbittita eHEestiag anethod
posjiigpeabwhich the deionized water 30 is supplied (JP 11-233481A, and

JP 2003-197590A). [0005] However, when a wafer has a high

hydrophobic property, the conventional processing method is
disBdckgngeodsArthat particles generate on a surface of the wafer after

it i g@jeqted to 35 a drying process. In particular, when a wafer has a

larger diameter, it is difficult to restrain particles,(such as stripe water .
g Wehen manufacturing a sé)mmond ctor asevfge, a processing

apparatus is used for cleaning, with the use of a chemical liquid, a
semiconductor wafer (referred to as "wafer" below) held on a spin
chuck. 1In a cleaning process performed by such an apparatus, a
process liquid such as a deionized water is supplied to a wafer, and
thereafter the wafer is rotated to remove liquid droplets therefrom
due to the centrifugal force so as to dry the wafer.

[0003]

Conventional methods for drying a wafer include methods
for spraying a rotating wafer with an IPA (isopropyl alcohol) vapor,
spraying a rotating wafer with atomized IPA, and supplying an IPA
liquid to a rotating wafer. Another method for drying a wafer is,
while supplying a deionized water to a wafer from a nozzle that
radially moves outward from a rotational center of the wafer, to
supply an IPA vapor or the like to the wafer at a position nearer to
the rotational center than a position at which the deionized water
is supplied (JP 11-233481A, and JP 2003-197590A).

[0005]

However, when a wafer has a high hydrophobic property,
the conventional processing method is disadvantageous in that
particles generate on a surface of the wafer after it is subjected to
a drying process. In particular, when a wafer has a larger
diameter, it is difficult to restrain particles (such as stripe water




10

15

20

25

30

35

2 marks generated by a precipitation of a chemical liquid or the like) from
appearing near a peripheral portion of the wafer. A possible method for
preventing the generation of such particles is to increase a supply amount

of a drying fluid such as IPA. However, 5 a larger cost is required for the

fluid. SUMMARY OF THE INVENTION 40006] The object of the present
invention is to provide a substrate 10 processing method and a substrate
progesKBgepRaeieg eapabla «ofi pieveiding the aeartationief warides enike)
a s#gstraate aftglr, iiFl is dried Whillg dﬁcereaetsin tpgnagto%wé % Q%‘éd us%d
dryingnﬂwepguebstra%ﬁsaéﬂ NS IR Ordér B ac,thleve g

J Ssible
he above-déscribe
objat fedpréent rRventiondrelides anebiiare fbceysig pastetes is to
comRireing dhe seiBpH,0k AIPGRISHTILRR pUbSFAlR Y @dbreeesPAqUItowever,
formi%%a liguid film on an .ughaeﬁsurfgce f the substrate by 20 supplying
thee %efrrsq(}ﬁﬁd%ﬁﬂﬁ' g %H} {5t t‘ﬂ/| ian that of the process
liquid; and supplying a second fluid having a higher volatility than that of

the process liquid to the; ypperausfacs of ithe puRattg oyile rotating the
Suiﬁ)té?j%; wherein 25 at the step of supplying the second fluid, a supply

positi (;f the second fluid to the substrate is moved radially outward

relative to 3 etaxieatcehtéreopiias stidstratenooogisTitedibeidaes substrate

Prosessik Methnd fRaY fHikeR comisd e 30 SheBYRRYPAPIRSRtIeP Chpable
processin thz,subgﬁate by a chemical li ug}l Pefore the st§%of te. after it |
protle S4iRY A Ogh LG B THaBPSL sp%d 1&'%6008) AcHR Y ERrafter it is
formhihgcthenfoiil fiecradibvotitiey @ 3B 1subbtfhtedatsspplyf positighngf the
the{iygtflpig do the substrate may

[0007]

In order to achieve the above-described object, the present
invention provides a substrate processing method comprising the

steps of:

processing the substrate by a process liquid;

forming a liquid film on an upper surface of the substrate by
supplying thereon a first fluid having a higher volatility than that
of the process liquid; and

supplying a second fluid having a higher volatility than that
of the process liquid to the upper surface of the substrate, while
rotating the substrate; wherein

at the step of supplying the second fluid, a supply position
of the second fluid to the substrate is moved radially outward
relative to a rotational center of the substrate.

[0008]

The substrate processing method may further comprise a
chemical process step of processing the substrate by a chemical
liquid, before the step of processing the substrate by the process
liquid.

[0009]

At the step of forming the liquid film, while rotating the
substrate, a supply position of the first fluid to the substrate may
be moved radially outward relative to the rotational center of the
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be moved radially outward relative to the rotational center of the 3
substrate to form the liquid film. [0010] At the step of supplying the
second fluid, a drying gas may be further supplied to the upper surface of
the substrate, and 5 supply positions of the drying gas and the second
fluid to the substrate may be moved radfally outward relative to the
rotational center of the wafer, respectively, while maintaining the supply

posiitgsteh teetdryipengahto tusdbsirate nearer to the rotational center

of Ee@i strate than the supply position of the second 10 fluid. [0011]

Th f supplying the second fluid may be performed, while sucking

an atmospheid aestiapeofise Blrfacetbrare consdifbitéd 18 [@otirpgas may

leass ong-6h ée silgrpiifermingribe ligwe filsuapddbeostep of subptriate, and
the secqnd fluid magl be[pngor edi with a humiait)éﬁaround tril%s ‘bstdra e the
beﬁHﬁB erpt?laﬁlt% taPth e%]@f qu)c%%ginagq e SUbstrate by tt:uI °

e

proegsstiquirin?aydnd BN pvaddristathe preawar thvemibl providee gotational
Stogéta%smwwﬁﬁéowpéng %EE{Q&@W@&?CWE\WQ tlwu tﬁq ReAlralRy ate supply
substrate progessing apparatus, to execute a.substrate processi .
APt o R tr 2 B b e SR By Aoprgtational
liquielntemirfy thikgud ighrabeat ppetsarfade ptthe ssisaatobythe second
supRlygng thereon a first fluid having a higher volatility than that of the

pr %eQ?g?EEUid; and supplying a second fluid having a higher volatility than

th

the process liquid to the upper surface of the substrate, while
rotating thd bebsteie piviserpiv virtgetste psefcsupp [l ndck e agcbadrkifo emed,

23%@0%’Miﬂbth§ﬁe%ﬂ@?&mg}@e@&strﬂ%im@@d sfidYe of the
substrate.
[0012]

At least one of the step of forming the liquid film and the
step of supplying the second fluid may be performed, with a
humidity around the substrate being lower than that at the step of
processing the substrate by the process liquid.

[0013]

In addition, the present invention provides a storage
medium for storing a program executable by a controller of a
substrate processing apparatus, to execute a substrate processing
method comprising the steps of:

processing the substrate by a process liquid;

forming a liquid film on an upper surface of the substrate by
supplying thereon a first fluid having a higher volatility than that
of the process liquid; and

supplying a second fluid having a higher volatility than that
of the process liquid to the upper surface of the substrate, while
rotating the substrate; wherein

at the step of supplying the second fluid, a supply position
of the second fluid to the substrate is moved radially outward
relative to a rotational center of the substrate.

[0014]
Moreover, the present invention provides a substrate
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relative to a rotational center of the substrate. 35 [0014] Moreover, the
present invention provides a substrate 4 processing apparatus
comprising: (a) a spin chuck configured to hold a substrate and rotate the
same; (b) a process liquid supply system configured to supply a 5
process liquid to an upper surface of thetsubstrate held by the spin chuck;
(c) afirst fluid supply system having a first fluid nozzle, configured to

SUBF{%gggmhgﬁ%Br % AL 8oZaia wrtgqqe]gpper surface of the substrate, a

first fluid having a higher volatility thap, 10 that of the process liquid;
second fluﬁdsﬁfﬁb %%el%olq W#H 3@5&%8 %8 ﬁ&z@?ﬁ"%&nﬂé&re”é E(% & the
supphneffom the second fluid nozzle to the upper surface of the substrate,
a gggond fuid having ajfigher Wiptiity thasrthat of sheriroeegs tiguishipply a
(e) anozzle _movfl?g mechanism COH{I ured.to move, r dlag ou %rd e .
seRERGFRAC S A QPP Pith ’fﬁlocfeﬁ?e?r of Qﬁg@ és}?r%{év a%ép(ﬁ Spin
a anixaMler configured to control the spin chuck, the process liquid supply
sygtgm, the firsiuig] SHPPSL PP MsYRe AP S850NEdIUd FuRRly BYsEeRozzle,
and the nozzl movgigpm ch |sm,rﬁ\£x cute e. steps of; su I)Qﬁgthe
pr&AYAdIFE rbh ply ' R/te tﬁés pﬁ&éuﬁgﬁiﬁtﬁ§ upper
substrEaepsubphéngithe tiwstdlua fincsh the dirseiiinonazzig he theolzgility than
upg%ts?r,fa&?e%p&ecéggs,tfa{ﬁdgnd supplying the second fluid from the

I

second fluid nozzle to  the upper surface of the substrate, while rgtati
tnd QUbstrASBOME L AHBPIACHTIANY HRUBS RIS MBI By 07Zle,
theconfizie: nedving sneghianisnord0 fbel5pThe dufistidtepradessinghe upper

APPAALLS AV HYENST SOFPRESE & second fluid having a higher volatility
than that of the process liquid;
(e) a nozzle moving mechanism configured to move radially
outward the second fluid nozzle relative to a rotational center of
the substrate; and
(f) a controller configured to control the spin chuck, the
process liquid supply system, the first fluid supply system, the
second fluid supply system, and the nozzle moving mechanism, to
execute the steps of:

supplying the process liquid from the supply system to the
upper surface of the substrate;

supplying the first fluid from the first fluid nozzle to the
upper surface of the substrate; and

supplying the second fluid from the second fluid nozzle to
the upper surface of the substrate, while rotating the substrate by
the spin chuck and moving the second fluid nozzle by the nozzle
moving mechanism.

[0015]

The substrate processing apparatus may further comprise a
drying gas nozzle configured to supply a drying gas to the upper
surface of the substrate; wherein

the nozzle moving mechanism is configured to move
radially outward the drying gas nozzle and the second fluid nozzle
relative to the rotational center of the substrate, while
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drying gas nozzle configured to supply a drying gas to the upper surface
of the substrate; wherein the nozzle moving mechanism is configured to
move 35 radially outward the drying gas nozzle and the second fluid
nozzle relative to the rotational center of the substrate, while 5
maintaining the drying gas nozzle neare? to the rotational center of the
substrate than the second fluid nozzle. [0016] The substrate processing

aﬂ%ﬂf‘iﬁ&mﬁf}’gﬂﬁﬁ@ﬂ ¢9m@ri§@@ rPoSuCHOR dwWeleteottigureddti sHek aenter
atm ere urface of the,su strate Whereln the nozzle
mgvﬁgﬁgglgaﬁgs?g%gﬁg ur%(f o mo(\i]e%raglanly ou t(\E/vard the suction
nolZ2{¥1dnHd the second fde nozzle relative to the rotational center of the

substrate, e 40 Seaint| Baél@@ﬁs@tmﬁwm@éaﬂb@r aweuérroe@th@ nse a

rotatlogal center of the tr%}e than the second fdeg}mzzI G%OOJ'tA

subU b EEl SUMAPRY oy iRk es Sottpreen R (Enfifp the Ubper

adﬁustfmjeysfe_zth echfigsiteatey adiuerailumidity around 15 the substrate

held by thespinithsiale [0RSRIRET %EH'@nIBﬁldrYéngc%ﬁlié@Féid'efﬁﬁaﬁﬂove
ir. For exam the rocessm |d | 2% ch as a

el B o 0 St O HGREz21e
secelatiigeid ® set@nﬂedmbatlm@adrommﬁmstm@ ofla@ IFAl b@tnatgn while

'P%%QMQW‘M%@“‘@%@%B&WH'% @i‘z‘lFéAf‘é@PﬁéraBQv%yV@P@ﬁPftWé\ rotational
solution. Th t| the "fluid havjn \%H her volatldygth nthat of the
t|

orSESEERRIAERE tRE REERSR GsSE CUREIHITCNar & liquid
haW@la?ﬂigher volatility than that of 25 the process liquid, and a vapor of

such “qU'dTEF@éﬁb%EPQfQ %eéegmﬁ dﬁ%@ﬂqw'mﬁ&wem@amgﬁsea

higher volatilit Efhant at of a process

U RACE F /sH TSRS oo tiBeoR LGRS 3 hURRdiey around
the substrate held by the spin chuck.
[0018]

For example, the drying gas is an inert gas or a dry air. For
example, the processing liquid is a rising liquid, such as a
deionized water. For example, at least one of the first liquid and
the second liquid is selected from the group consisting of an IPA
liquid, an IPA solution, a mist of IPA liquid, an IPA vapor, and a
vapor of IPA solution. That is, the "fluid having a higher volatility
than that of the process liquid" in the present invention is a
concept including a liquid having a higher volatility than that of
the process liquid, and a vapor of such liquid.

[0019]

According to the present invention, a first fluid having a
higher volatility than that of a process liquid is supplied to an
upper surface of a substrate to form thereon a liquid film, at first.
Then, a second fluid having a higher volatility than that of the
process liquid is supplied to the upper surface of the substrate,
while the substrate is being rotated. During this supply
operation, a supply position of the second fluid is moved radially
outward relative to a rotational center of the substrate. Due to
this, it is possible to prevent the generation of particles on the
substrate after it is dried by using the first and second fluids.
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30 Then, a second fluid having a higher volatility than that of the process

liquid is supplied to the upper surface of the substrate, while the substrate

is being rotated. During this supply operation, a supply position of the

second fluid is moved radially outward relative to a rotational center of the

substrate. Due to 35 this, it is possible tdSprevent the generation of

particles on the substrate after it is dried by using the first and second

ﬂUif’@O@d 020] When the second fluid is supplied, a drying gas is

supplied e up er surface of the, substrat dasu positian o

e cirying YLE AT SESO Gl bl ot HeP Uit AIG B Aaves upplied

radiallfheutwepe relatifece tfetivasivbastcaheerdh the sutspiatgostiilen of the

MayioIRgLRe sHRPYHROS(R Bl‘g i&@s@fvmg spsie tE‘@c%*%ﬁWRj”@?éeﬁﬂoved
Su

to the rotational center of th than th t fth

5 qeddHANNI HPEb B Bt Eelie 'CUR DOMa NG Sa phomalastrate,
dryimb ité time nistiais gahteensumplly op tretsecorad flthie udeyii fay dygingto the
thegubsiraig.cqa Q%Feﬂ%t%’!é/ r&%%?@ﬂa?@é%’f@%?cl?ﬁ? JIQBkffed H“Ean the

DRAWINGS [0021] 15 |s a schematic view of one embodiment of a
SUSHRRLY pRASIELAY SIS e GBS Y b e HHE<SHb AN fon. PR the
is aulseriabhted crogBigegticnal orewd adngin gart ohehauddisabee an amount
PrOGESHECBRRHE!HR R foP-dryiith HLApRIERRAN YT el relatively
assistance in explaining an 20 arrangement of a fluid nozzle at a liquid

filrf RSPHS step of the substrate processing apparatus shown in Fig. 1;

Fig. 4 is a perspective view of assistance in explaining actions of a fluid

nozzle and a dryipggag N9zale A% BETYIRE SIeR PEIRTOMRAALR;

processing apparatus shown in Fig. 1; Z5 Fig. 5'is a plan view of

assi ﬁég in explaining an arrangement of a fluid nozzle and a drying

gas nozzlegiganoibes srthleodmiantodihe Subgiraie puatiensing eppasatustrate

aCCﬁ’ng@@stﬁnt ea%rﬁg?gwy%mmding to the present invention;
Fig. 2 is a horizontal cross-sectional view of a main part of
the substrate processing apparatus shown in Fig. 1;

Fig. 3 is a perspective view of assistance in explaining an
arrangement of a fluid nozzle at a liquid film forming step of the
substrate processing apparatus shown in Fig. 1;

Fig. 4 is a perspective view of assistance in explaining
actions of a fluid nozzle and a drying gas nozzle at a drying step of
the substrate processing apparatus shown in Fig. 1;

Fig. 5 is a plan view of assistance in explaining an
arrangement of a fluid nozzle and a drying gas nozzle of another
embodiment of the substrate processing apparatus according to
the present invention;

Fig. 6 is a perspective view of assistance in explaining
opening dimensions (shapes) of a fluid nozzle and an inert-gas
nozzle of another embodiment of the substrate processing
apparatus according to the present invention;

Fig. 7 is a schematic view of another embodiment of the
substrate processing apparatus according to the present invention,
that is provided with a fluid heater and a drying gas heater;

Fig. 8 is a perspective view of assistance in explaining



Fig. 6 is a perspective view of assistance in explaining 30 opening
dimensions (shapes) of a fluid nozzle and an inert-gas nozzle of another
embodiment of the substrate processing apparatus according to the
present invention; Fig. 7 is a schematic view of another embodiment of the
substrate processing apparatus accordifg to the present invention, 35
that is provided with a fluid heater and a drying gas heater; Fig. 8 is a

petsgestiveofiamsoicarsisianee @, explainingoz Aeticnsdob alsyatigrgaczalezzie,
2 flfd nozels. andadning 0as naZdle. of apathet embadimentf ey o s
substrate processing apparatus according to the present invention, |8.

is @pfATdiag sPairsBressmbXpMRIIitPan 5 arrangement of a suction
nozzle, a flejig,nazzlgs and pldiyingigas Bezziesedanoteerigmbodinagnirad an
the, Sbsiatc paceseind, aRparalis 35e0rding o e PLeseALnveniaig gas
Fig: 16195 perspective View S aE&aN e n explaining actions of a Ui 9

noZW@zed addrymaiiero£mekediandng sedp dhao smbaieate processing

embegigal ofdoe SHbH R PEACEpHEgARPAiRIEA t RAgOrdIng to the
present |n\?entio : Fi%. 11 is a schematic view of Pnother embodiment o

f. .
the substraté P ge sir?g QS&\P&E '\égcc\)/r'&Wg 0 the %'rsets?enrﬁn\'/gn |())(r?, aining

‘thad Eiproviaéa itH & niiglera adjastny isseas acrie@g.adhigiag step of
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schatadie vieuwabaaaremiediprrnt efithet ukstrai®BEAEARBYNtGapparatus
apparatu%.acc%rdl to the %rééent invention, that is provided with a

mofsthPd Ad)dstifd SR SBE TANVEDS BEBCRIPTION OF THE
INVENTION g201[b0328 Frehetraa Bmbo e eritaoiabeair esaddavargion of the

willshe, deaedsd belyyn BaspP Sre sy BREREIRFRF@ESIAG FRRAEIHS e ntion,
clegning.an upper syrface of a substantially, disk-shaped silicon_wafer W
2 08l 5B 9438 W ol T A oo B atus 1

in this emibodimiehtihdusieenpadiess @essd| 2 motinithenspindihuertpf the
is disprsedde srbetesdially hprznataly belbtheiwges Watesent invention,

that is provided with a moisture adjusting system.

DETAILED DESCRIPTION OF THE INVENTION

[0022]

Preferred embodiments of the present invention will be
described below, based on a substrate processing apparatus for
cleaning an upper surface of a substantially disk-shaped silicon
wafer W as a substrate.

As shown in Fig. 1, a substrate processing apparatus 1 in
this embodiment includes a process vessel 2 in which a spin chuck
3 is disposed to substantially horizontally hold the wafer W and
rotate the same. Aliquid nozzle 5 is disposed for supplying to the
wafer W a cleaning chemical liquid, such as DHF (dilute
hydrofluoric acid), and a rinse liquid such as a deionized water
(DIW). The liquid nozzle 5 is supported by a first support arm 6.
A fluid nozzle 12 is disposed to supply, as a first fluid and a second
fluid, a fluid having a higher volatility than that of a deionized
water as a rinse liquid, such as an IPA (isopropyl alcohol) liquid.
A drying gas nozzle 13 is disposed to supply, as a drying gas, an
inert gas such as nitrogen gas (N, gas). The fluid nozzle 12 and
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rotate the same. A liquid nozzle 5 is disposed for supplying to the wafer

W a cleaning chemical liquid, such as DHF (dilute 30 hydrofluoric acid),

and a rinse liquid such as a deionized water (DIW). The liquid nozzle 5 is

supported by a first support arm 6. A fluid nozzle 12 is disposed to

supply, as a first fluid and a second flui®, a fluid having a higher volatility

than that of a deionized water as a rinse liquid, such as an IPA (isopropyl

glogi’@lhw% 324 ﬁa&m%s rnglgdﬁdaﬁﬁéﬁpzsﬁdéwh d d@@gp?rt arm
ryjng gas, an_inert gas,suc itrogen s). The fluid ngzzle

12 iarfd 8 h%oé‘rkﬁﬂg %leﬁtj)zlglce lig 'gr(g sauppor el b%%g s%gc{:frclldl{‘!soupcpoorfttroI the

arrfeapeatbonteRen €6 1acRiding SCP LTS tRs prosE §6 dthtrdt piagatus 1.

regRgtivg elements of the substrate processing apparatus 1. [0023] 5 As

st elements o the subsi ing cpparat
vessal 2 thoug LR 14 ter W 8 BTG At hrbdosahlgPoset

spatet Beandis aptox@ss ehetefrumuBy whditly thelvvaflieg/ Midadmadsshtinto
17 ghisiRegsid|p e caeunegcahaeealdshe REPCRSSIN SRaeR StfPdPRAd. By
As 1hown in Fjgs. 1.and 2, t reg hofl}dlia membhers_ 18 are_ disposed ab@ve ¢
the" %ﬂ%uc ; Tl1|8 g d’%ecm efP18RE adé ted lttb b&in BOrald'e '°
witherpeeiiceyos gl Wafe W aegwierg soines& as to substantially
horigeyyally hold the wafer W. A 15 motor 20 is disposed below the spin

huck 3 t0 fotate th _throygh a vertical rotatjonal. shaft. When th
Spin chuckAF S TOELd by S b8 30 b hter b IS e 18 are

spidisipuded Bhrotatethia & porizdntalipBine Abwutwbdingr Peoiliers 18 are
waley Yt driving Ofi the FUEL X s e pRlleH Y& FanEolesfkt- P at three
[0025] The first support arm 6 is disposed above the wafe supparte
oy Bt L TR 20 T BRAALAD I RE SO AP s Lp Rt Y- A
be napadte2d! nsodirgpalend helode thie3dpwhichuskubdtantizigte the same
horizegtady PRaced - A ViR MEFhaNSRA®. 32 1 Hisroasd TopMovRadRes s
Sue%%gt%rcrinbfsyatlgggntwhoet lr“g%,retl:p]e wafer W together with the spin chuck
3 is rotated in a horizontal plane about a center Po of the wafer W.
Driving of the motor 20 is controlled by the controller 16.
[0025]

The first support arm 6 is disposed above the wafer W
supported by the spin chuck 3. A proximal end of the support
arm 6 is supported to be capable of moving along a guide rail 31
which is substantially horizontally placed. A driving mechanism
32 is disposed for moving the support arm 6 along the guide rail
31. As shown in Fig. 2, along with a movement of the support
arm 6 which is driven by the driving mechanism 32, the liquid
nozzle 5 can radially move outside the wafer W relative to the
rotational center Po of the wafer W. Driving of the driving
mechanism 32 is controlled by the controller 16 (Fig. 1).

[0026]

As shown in Fig. 1, the liquid nozzle 5 is attached to a lower
end of an elevating shaft 36 extending downward from an
elevating mechanism 35 fixed on a distal end of the support arm 6.
The elevating shaft 36 is capable of vertically moving by the
elevating mechanism 35, such that a position of the liquid nozzle
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31. As shown in Fig. 2, along with a movement of the support arm 6
which is driven by the driving mechanism 32, the liquid nozzle 5 can
radially move outside the wafer W relative to the rotational center Po of
the wafer W. Driving of the driving 30 mechanism 32 is controlled by the
controller 16 (Fig. 1). [0026] As shown irBFig. 1, the liquid nozzle 5 is
attached to a lower end of an elevating shaft 36 extending downward

from @ns eleyating MeRNae {)51&35 BXEd oy ud i %TQ\%GH?gSHPé’EﬁaQ{@m 35
6. 35 The eIevatln% shaft 36 is cagable of vertically moving by the

ele\ﬁaﬁﬁé‘f’ﬁgy% h 81 SUHERAET pbRition of the liquid nozzle 9 5 is

set{ 882 diyen height. Driving of the elevating mechanism 35 is controlled

by the CO”‘I“PJL?rhjq‘?J E@%@zTQ%"%“@dW%‘@tédﬁt‘EPB”@ﬁ% oAt WmebHF)

liquid (DHF) 5 supply source 41 through a chemical liquid sup

42 Skt g EBM@& tbN Qg |ﬂqeﬂqmmkuﬁwsﬁa%awwaa@k 42, and
rinse liguicheuppty thamnehdd. Qnuoff (ENE 1S apd¥6soardsphdadhoough a

e pRemsal e syepl ehanelizend trngg LBNELEUBRY SO ore

44, respectiv tions of the 10 on-off valves 45 and 46 are

cortianas s 3 ddrrsisnicalniapderenly sharabMitANguide rinse

suppjyaaﬁumqﬁlﬁf@dmmb&%qméﬁmept)r\@hnnemﬂﬁd dutiomsffof the
lye 4 | |
e EYSLe I SSRGS, e

15 liceib-BRZAIO4 ‘%@r?é"tﬁu"fﬁ@hﬁ%l&uﬂ’(b?b%éé%‘lf&ﬁdﬁjsuﬁﬁﬁ/‘:hem'ca‘

sySiqmndOQZﬂjr?llyedeaﬂn@Blmpraamm ﬁtl‘ﬁesmmSedaabevaBﬁe:wa&lt\Me a
t 0
o I TRy SHEty RN THOGGIT RS SR rinse

subEgatiflamy ﬁ@ﬂlioﬁ@é!lﬁﬁsléb%d tmrmmaqﬂéaﬁaﬂ.%psmscmmb 4k, and
mowiig dlre sEppaltarasloorloniguibe guitdesailicadidl iesedaeshgisid) supply
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[0028]

The second support arm 15 is disposed above the wafer W
supported by the spin chuck 3. A proximal end of the support
arm 15 is supported to be capable of moving along a guide rail 51
which is substantially horizontally placed. A driving mechanism
52 is disposed for moving the support arm 15 along the guide rail
51. These members constitutes a nozzle moving mechanism that
horizontally moves the fluid nozzle 12 and the drying gas nozzle
13. As shown in Fig. 2, along with the movement of the support
arm 15 which is driven by the driving mechanism 52, the fluid
nozzle 12 and the drying gas nozzle 13 can radially move outside
the wafer W relative to the rotational center Po of the wafer W.
Driving of the driving mechanism 52 is controlied by the controlier
16 (Fig. 1).

[0029]

As shown in Fig. 1, an elevating mechanism 55 provided
with an elevating shaft 54 is fixed on a distal end of the second
support arm 15. The elevating shaft 54 extends downward from
the elevating mechanism 55. The fluid nozzle 12 and the drying
gas nozzle 13 are attached to a lower end of the elevating shaft 54.



horizontally moves the fluid nozzle 12 and the drying gas nozzle 25 13. As
shown in Fig. 2, along with the movement of the support arm 15 which is
driven by the driving mechanism 52, the fluid nozzle 12 and the drying
gas nozzle 13 can radially move outside the wafer W relative to the
rotational center Po of the wafer W. Driving of the driving mechanism 52
is controlled by the controller 30 16 (Fig, 1). [0029] As shown in Fig. 1, an
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(nogal@303 moving direction D) opposite the liquid nozzle 5 relative to the
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13 is positioned nearer to the rotational center Po of the wafer W
than the fluid nozzle 12 in the nozzle moving direction D (strictly
- speaking, under conditions that a distance between a radial
20 position of the fluid nozzle 12 and the rotational center Po is
shorter than a distance between the nozzles 12 and 13 (see, Fig.
3), the positional relationship between the nozzles 12 and 13 is
inverted).
[0031]
25 The fluid nozzle 12 is connected through a fluid supply
channel 67 to a fluid supply source 66, such as a tank, in which an
IPA liquid is received. An on-off valve 68 is disposed on the fluid
supply channel 67. An on-off action of the on-off valve 68 is
controlled by the controller 16. The fluid nozzle 12, the fluid
30 supply source 66, the fluid supply channel 67, and the on-off valve
68 constitute a fluid supply system.
[0032]
The drying gas nozzle 13 is connected to an inert gas (Ny)
supply source 71 through an inert gas supply channel 72. An
35 on-off valve 73 is disposed on the inert gas supply channel 72.
An on-off action of the on-off valve 73 is controlled by the



3), the positional relationship between the nozzles 12 and 13 is inverted).
[0031] 25 The fluid nozzle 12 is connected through a fluid supply channel
67 to a fluid supply source 66, such as a tank, in which an IPA liquid is
received. An on-off valve 68 is disposed on the fluid supply channel 67.
An on-off action of the on-off valve 68 islicontrolled by the controller 16.
The fluid nozzle 12, the fluid 30 supply source 66, the fluid supply channel
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(central processing unit), an input/output part 16b_connected to the
op&% g,rt f@é)aghl@aof realizing a given function depending on a

15 program to be executed.
[0034]

As shown in Fig. 1, the controller 16 includes an operating
part 16a provided with a CPU (central processing unit), an
input/output part 16b connected to the operating part 16a, and a

20 storage medium 16c¢ storing a control program that is read out
through the input/output part 16b. The storage medium 16c
stores therein a control program to be executed by the controller
16 for executing steps of the below-described substrate
processing method by the substrate processing apparatus 1. The

25 controller 16 executes the control program to control the
respective functional elements in the substrate processing
apparatus 1, such that various processing conditions (for example,
a rotational speed of the motor 20) defined by a predetermined
processing recipe are achieved. In the substrate processing

30 method based on the control program, a chemical process step, a
rinsing step, a liquid film forming step, and a drying step are
sequentially executed, which will be described in detail below.
[0035]

The storage medium 16c may be fixedly disposed on the

35 controller 16. Alternatively, the storage medium 16¢ may be
removably disposed on a reader, not shown, mounted on the



20 storage medium 16c storing a control program that is read out through
the input/output part 16b. The storage medium 16c stores therein a
control program to be executed by the controller 16 for executing steps of
the below-described substrate processing method by the substrate
processing apparatus 1. The 25 controll¢p 16 executes the control
program to control the respective functional elements in the substrate
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20 [0036]

Now, a method for processing a wafer W carried out by the
substrate processing apparatus 1 as structured above is
described.

First, a wafer W, which has not been cleaned yet, is loaded

25 into the process vessel 2 by a transfer arm, not shown, and the
wafer W is held by the spin chuck 3 as shown in Fig. 1. In order
to deliver the wafer W to the spin chuck 3, as indicated by the
two-dot chain lines shown in Fig. 2, the first and the second
support arms 6 and 15 are previously retracted to standby

30 positions located outside the spin chuck 3.

[0037]

After the wafer W is held by the spin chuck 3, the spin chuck
3 is driven in rotation by the motor 20 shown in Fig. 1 to start a
rotation of the wafer W. Then, the chemical process step is

35 started. First, as indicated by the chain lines shown in Fig. 2, the
first support arm 6 is moved such that the liquid nozzle 5 is



operated by the executive controller via communication lines so as to
execute predetermined processes. 20 [0036] Now, a method for
processing a wafer W carried out by the substrate processing apparatus
1 as structured above is described. First, a wafer W, which has not been
cleaned yet, is loaded 25 into the proceks vessel 2 by a transfer arm, not
shown, and the wafer W is held by the spin chuck 3 as shown in Fig. 1. In
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15 of theap®gr surface of the wafer W is increased by this chemical
process. 1@&99?18éompletion of the chemical process, the rinsing step
is performed. In the rinsing step, a deionized water is supplied
toward the rotational center Po of the rotating wafer W from the
liquid nozzle 5. The thus supplied deionized water is dispersed
20 over the whole upper surface of the wafer W due to the centrifugal
force. The chemical liquid adhered to the upper surface of the
wafer W is rinsed away from the wafer W by the deionized water.
A rotational speed of the wafer W during the rinsing process is
preferably faster than that of the wafer W while the chemical liquid
25 is supplied thereto, and is set at about 1000 rpm, for example.
After the wafer W is sufficiently rinsed by the deionized water, the
supply of the deionized water from the liquid nozzle 5 is stopped.
Thereafter, the support arm 6 positioned above the wafer W is
retracted therefrom to be returned to the standby position.
30 [0039]
Following the rinsing step, a liquid film forming step is
carried out for forming a liquid film of an IPA liquid on the wafer W.
First, as indicated by the chain lines shown in Fig. 2, the second
support arm 15 is moved such that the fluid nozzle 12 is
35 positioned above the rotational center Po of the wafer W. Then,
as shown in Fig. 3, an IPA liquid (first fluid) is supplied from the
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Upon completion of the chemical process, the rinsing step is performed.

In the rinsing step, a deionized water is supplied toward the rotational

center Po of the rotating wafer W from the liquid nozzle 5. The thus

supplied deionized water is dispersed 20 over the whole upper surface of
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from the fluid nozzle 12 and then a supply of nitrogen gas from the
drying gas nozzle 13 are started, with the fluid nozzle 12 and the
drying gas nozzle 13 being positioned near above the rotational
center Po of the wafer W. Then, as shown in Fig. 4, the second
support arm 15 is moved in the nozzle moving direction D, while
continuing to supply the IPA liquid and the nitrogen gas from the
nozzles 12 and 13 to the upper surface of the rotating wafer W.
Thus, as shown in Fig. 4, a supply position Sf of the IPA liquid
supplied from the fluid nozzle 12 to the upper surface of the wafer,
and a supply position Sn of the nitrogen gas supplied from the
drying gas nozzle 13 to the upper surface of the wafer, are moved
radially outward from the rotational center Po of the wafer W.
Since the wafer W is rotated, the IPA liquid and the nitrogen gas
can be supplied over the whole upper surface of the wafer W.
[0041]

The supply of the IPA liquid and the supply of the nitrogen
gas may be simultaneously started. For example, by starting the
supply of the IPA liquid and the nitrogen gas when the fluid nozzle
12 is moved to a position directly above the rotational center Po of
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After the liquid film of the IPA liquid is formed on the upper 15 surface of
the wafer W, a drying step for drying the wafer W is performed by
supplying an IPA liquid (second fluid) and nitrogen gas (drying gas) to the
wafer W. First, a supply of an IPA liquid from the fluid nozzle 12 and then
a supply of nitrogen gas from the dryind @as nozzle 13 are started, with
the fluid nozzle 12 and the 20 drying gas nozzle 13 being positioned near
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at pbsitio ngi sigglgthsbishma intainfeahmtbe metdtiortble rotational center Po of
the wafer W than the adjacent supply position Sf. In this case,
the supply position Sn of the nitrogen gas is positioned between
the rotational center Po and the supply position Sf. Thus, the IPA
liquid supplied onto the upper surface of the wafer W is
immediately washed away by the nitrogen gas, so that drying of
the wafer W can be expedited. Accordingly, the wafer W can be
efficiently dried with a less amount of IPA liquid, i.e., an amount of
IPA liquid to be used can be restrained. Further, since an
oxidation density causing water marks can be suppressed, the
generation of water marks can be avoided.
[0043]

A rotational speed of the wafer W at the drying step is
between about 500 rpm and 800 rpm, for example. A moving
speed of the supply position Sf of the IPA liquid and the supply
position Sn of the nitrogen gas in the moving direction D is, e.g.,
about 150 mm/sec. Alternatively, a rotational speed of the wafer
W may be varied in accordance with radial locations of the supply
positions Sf and Sn on the wafer W. For example, when the



center Po in the nozzle moving direction D. [0042] The IPA liquid supplied
on the upper surface of the rotating 15 wafer W flows radially outward on
the wafer W due to the centrifugal force. While the supply position Sf of
the IPA liquid is moved in the nozzle moving direction D, the supply
position Sn of the drying gas is maintairi&d nearer to the rotational center
Po of the wafer W than the adjacent supply position Sf. In this case, 20
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of the supply positions Sf.and Sn on the wafer W. For example, when the
16 Qphis AOSALRE SPIRIAE,RRiaR SR 195ard in the wafer W, the
rotdtitivittdpeed of the wafer W may be increased. Meanwhile, when the

supply posiiigfas 24 0@ 157 26510 Iadialbe Ay BRFA DB M8 tIBRs Sf and

rotational speed of the wafer W may 5 be lowered. To give an actual
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rotational _center Pq of the wafer W. Meanwhile, the wafer W may be
driv@fp'a“y mwar8 in the wafer W, awe moving spee theX'eof may be
increased. Meanwhile, when the supply positions Sf and Sn
reside radially outward in the wafer W, the moving speed thereof
20 may be lowered. To give an actual example, in drying the wafer
W with a diameter of about 300 mm, the supply positions Sf and
Sn may be moved at a moving speed of about 7 mm/sec, when the
supply positions Sf and Sn are located within a radius of about 90
mm from the rotational center Po of the wafer W. Meanwhile, the
25 supply positions Sf and Sn may be moved at a moving speed of
about 3 mm/sec, when the supply positions Sf and Sn are outside
the above range.
[0045]
When the supply position Sf of the IPA liquid reaches a
30 position on a periphery of the wafer W, the supply of the IPA liquid
from the fluid nozzle 12 is stopped. Similarly, when the supply
position Sn of the nitrogen gas reaches a position on the periphery
of the wafer W, the supply of the nitrogen gas from the drying gas
nozzle 13 is stopped. Then, the drying step is completed. It is
35 possible to temporarily stay the supply position Sn of the nitrogen
gas at a position on the periphery of the wafer W to continue for a
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10 at a rotational speed of 500 rpm, when the supply positions Sf and Sn
are located outside the above range. [0044] Alternatively, a moving speed
of the supply positions Sf and Sn in the nozzle moving direction D may be
varied in accordance 15 with radial locations of the supply positions Sf
and Sn on the wafer W. For example, when the supply positions Sf and
Sn reside radially inward in the wafer W, the moving speed thereof may

bewnereasrs sMppnyvbifestienan Fag 8BBSOS Bar Site F?’Siﬁlﬁd then

radi tward in the er W, the movm speed hereof 20

R0 U8 Bl aoh e A SB T Hg id i AR Be Wafer can
didheterostardlif BHo dfrl@,dhe supply positions Sf and Sn may be moved

at agpa\dng speed of about 7 mm/sec, when the supply positions Sf and

% o e B IRB SEHE SHED IR RACTR S SPURIRLS TS i
moRdGkt 3 rifosigeRbdari daboat Batralsew, mh@aﬂm@swmy mgtimed to
Sf aRdsne lr*%é%sth?e%%@rez anggen 0QdatdVhgn ntbed%mpé)f@@sﬁ*eﬂw the

Sfof th | A liquid iti fer
e &dﬁﬁﬁﬁé& Bt edtpobe shenplepdeiim the
whenohessupsigs pbsition Isn tfi themiroy®n gasestehay apposiaenash the the
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Z 0zzle 13 is stopped. Then, the drying step is completed. It is 35

' mporarily stay the supply position Sn of the nitrogen gas at
a pd¥Ridn Jon the periphery of the wafer W to continue for a 17 while the

supply of thg nifERqeIaP aBae B%Bfﬁ@%j?‘%“@ﬁ% SPRBR% WY Ohfter
W Tk Mt SRl e L SR
stoﬁpaﬂi) aad thenast-showhdramgierasmrf@ abowb dhe waéelth‘élpro&ﬂss, the
veshelhizhe Walee Valg retivared ¥AM U¥her surface of the wafer W can
be surely brought in and mixed with the IPA liquid. In addition,
since the liquid film covering the wafer W prevents a natural
drying of the upper surface of the wafer W, in particular, a
periphery thereof, the generation of particles on the upper surface
of the wafer W can be prevented. Even when the upper surface
of the wafer W is highly hydrophobic, the generation of particles
can be efficiently prevented.
[0048]

After the liquid film of the IPA liquid is formed, the IPA
liquid (second fluid) is supplied to the wafer W, while the supply
position Sf is moved radially outward from the rotational center Po,
i.e., in the moving direction D. Thus, the liquid film of the IPA
liquid (first fluid) taking therein and being mixed with the
deionized water can be flushed away and removed from the wafer
W. As aresult, the upper surface of the wafer W can be uniformly,
efficiently dried. In addition, nitrogen gas for drying the wafer W
is supplied at the supply position Sn, which is behind the supply
position Sf of the IPA liquid in the moving direction D, so that the
liguid (mainly the IPA liquid) remaining on the wafer W is washed
out toward the periphery of the wafer W. Thus, drying of the
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spin chuck 3 to the transfer arm, and is then unloaded from the process
vessel 2. In this mariner, a series of processes for the 10 wafer W
performed by the substrate processing apparatus 1 are finished. [0047]
As described above, according to this embodiment, after the deionized
water is supplied, a liquid film of the IPAlBquid (first 15 fluid) is formed on
the upper surface of the wafer W. Thus, the deionized water adhered to
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IPA |d In a (ﬂtlor(ﬁé smc he li UId film coverlr\lé; the wa

ordanid 15560 8 IBpATRAcE T tatekl Wbe relatively
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forhinel vilaédP AV liquid (second fluid) is supplied to the wafer W, while the
su;ﬁ@lgg@ﬂsmon Sf is moved radially outward from the rotational center Po,

l.e., in the movmg direction D. Thus, the liquid film of the IPA liquid (first
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oft wafer W can be promoted. Accordingly, an amount of the IPA

I|q #Qs&bnd fluid) used for drying the wafer W can be relatively

reduced Bekides) dhh @t nesstior ehpaddstasisadsad bymicHiftérenaaafer W is
pre‘%ﬁ% ﬁ%‘%ﬁﬂ%@y@;@nﬁ%ﬁéﬁj ’5‘) P&Qe‘&?ts%% SRS Y IR S A iquid
film forming step, and the drymg step. However, the present
invention is not limited thereto, and can be applied to various
other processes. Besides, a chemical liquid used in the chemical
process step is not limited to a liquid for cleaning the wafer W.
For example, the chemical process step may be an etching step in
which the wafer W is etched by supplying thereto an etching
chemical liquid, such as HF (hydrogen fluoride). Alternatively,
the chemical process step may be a step for removing a resist, and
a step for removing etching residues. Moreover, the wafer W
may subjected to, for example, a scrubbing process in which the
wafer W is rubbed by a scriber such as a brush and a sponge, and
subsequently subjected to the rinsing step, liquid film forming
step, and drying step. Although a deionized water as a rinse
liquid is given as an example of a process liquid, the process liquid
is not limited thereto.
[0051]
In the above embodiment, the chemical liquid and the rinse
liguid (process liquid) are supplied from the same liquid nozzle 5.
However, these liquids may naturally be supplied from separate
nozzles. In this case, a nozzle for supplying the chemical liquid
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the wafer W. [0049] Although the preferred embodiment of the present
invention has been described, the present invention is not limited 10 to
the above embodiment, For example, not limited to a semiconductor
wafer, a substrate may be a glass substrate for an LCD, a CD substrate,
a print substrate, a ceramic substrate, afdl so on. [0050] 15 The method
has been described in which the wafer W is subjected to the chemical
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WIE@?)S? wafer W is etched by supplying thereto an etching chemical
Jh as HF (hydrogen fluoride). Alternatively, the chemical process
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19 and a noz uppl |ng nse liquid ma respectlv

SUBPORE By S A0 arle, AR LR 19 bAoA o S ecan be

rinse limbéynfay reesuppbntedh sy the Hupgorttaensapply position of the IPA
liquid may either be radially moved only once in an outward or
inward direction relative to the rotational center Po, or be radially
reciprocated once or more relative to the rotational center Po. A
moving speed of a supply position of the IPA liquid (first fluid) at
the liquid film forming step is preferably faster than that of the
supply position Sf of the IPA liquid (second fluid) at the drying
step. This enables that a liquid film is formed more rapidly. At
the liquid film forming step, a moving speed of the supply position
of the IPA liquid is, e.g., about 150 mm/sec, and a rotational
speed of the wafer W is e.g., about 300 rpm. The rotational
speed of the wafer W at the liquid film forming step is preferably
slower than that of the wafer W at the drying step. This enables
a reliable formation of a liquid film, without the centrifugal force
discouraging the liquid film formation. On the other hand, since
the wafer W is rotated at relatively a higher speed, the wafer W
can be promptly dried.
[0053]

The first and second fluids, that have a volatile property
higher than the rinse liquid (process liquid), are not limited to an
IPA liquid. Instead of the IPA liquid, an IPA solution containing
IPA diluted by a deionized water or the like may be used as at least



that supports the fluid nozzle 12 and the drying gas nozzle 13. 5 [0052]
Given herein as an example to describe the liquid film forming step is a
case in which the IPA liquid (first fluid) is supplied onto the rotational
center Po of the wafer W, and a liquid film is formed by utilizing the
centrifugal force caused by the 10 rotatid® of the wafer W. However, a
method for forming a liquid film is not limited thereto. For example, the
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nitrogen gas. hus, an amount o the second fluid to be used can
be decreased, so that a reduction in cost can be achieved.
[0054]

20 Alternatively, the first fluid and the second fluid may not be

~ identical to each other. For exampie, a density of IPA in an IPA
solution used as the first fluid and a density of IPA in an IPA
solution used as the second fluid may be different from each other.
Alternatively, states (phases) of the first fluid and the second fluid

25 may be different from each other. For example, it is possible to
use a liquid such as an IPA liquid as the first fluid, and to use a gas
such as an IPA vapor or a mist of IPA liquid as the second fluid.
[0055]

In the above embodiment, although the first fluid and the

30 second fluid are supplied from the single fluid nozzle 12, the first
fluid and the second fluid may be supplied from separate nozzles.
For example, a first nozzle for supplying the first fluid and a
second fluid nozzle for supplying the second fluid may be
supported by the support arm 15 so as to move the first fluid

35 nozzle, the second fluid nozzle, and the drying gas nozzle 13 all
together.
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"drying fluid"). In this case, an amount of the drying fluid to be used can
be reduced, which results in decrease in cost. In addition to a liquid state,
the drying fluid may take an atomized 5 state, a jet-flow state, and a
gaseous state. For example, a mist of IPA liquid, a mist of IPA solution,
an IPA vapor, or a vapor of IPA solutlo?ﬂ(mlxed vapor in which IPA vapor
and water vapor are mixed) may be used as the drying fluid. Besides, a
mikow6®f the mist or vapor and a gas such as nitrogen gas may be used

o the 10 g CHighMAIEAIE, AR 0 ORNISSONEIL coRBiNg 4 0Eying
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from the nozzle 12 IS deplcted by a circle Af indicated by the
broken line, and a supply area of the nitrogen gas from the nozzle
13 is depicted by a circle An indicated by the broken line. A
center point of the supply area Af is represented by the supply
position Sf, and a center point of the supply area An is represented
by the supply position Sn. A line Lf connects the supply position
Sf and the rotational center Po of the wafer W to each other. A
line Ln connects the supply position Sn and the rotational center
Po of the wafer W to each other. In this case, the line Ln is
displaced from the line Lf at an angle 6n which is smaller than 90°
in the rotational direction of the wafer W. Thus, the nitrogen gas
(drying gas) following the IPA liquid (second fluid) can be
constantly supplied to the wafer W not only in the radial direction
but also in the rotational direction of the wafer W. Therefore, the
wafer W can be rapidly dried by flushing away the IPA liquid on the
wafer W away by the drying gas.
[0058]

Another embodiment of the substrate processing apparatus
shown in Fig. 6 is described below. In this embodiment, opening



21 [0056] A two-fluid nozzle may be used as a nozzle for supplying the
drying fluid. For example, an IPA liquid or IPA solution is formed inside
the two-fluid nozzle into a jet-flow of a number of 5 particulate droplets by
mixing a liquid, such as an IPA liquid or IPA solution, and a gas, such as
nitrogen gas. The droplets are acceler&®d by the gas and jetted from the
two-fluid nozzle. A structure of the two-fluid nozzle is not limited to an
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s. [0058
step may be anotherinert gas. The drying gas is not limited to an

inert gas, but may be air or the like. Also in this case, the second
fluid (e.g., IPA liquid) which has been supplied on an upper

20 surface of the wafer W can be flushed away, and drying of the
wafer W can be promoted. In addition, the drying gas may be a
gas, such as a dry air or the like, with its humidity being forcibly
lowered as compared with a general state of the gas. In this case,
a humidity near the upper surface of the wafer W can be reduced

25 to facilitate evaporation of a liquid, such as the IPA liquid, adhered
to the wafer W, whereby drying of the wafer W can be more
expedited. An absolute humidity of the drying gas is not more
than 1 g/m?, for example.

[0060]

30 Next, another embodiment of the substrate processing
apparatus shown in Fig. 7 is described below. In this
embodiment, there are further provided a fluid heater 67a that
heats a second fluid (IPA liquid or the like) to be supplied from a
fluid nozzie 12, and a drying gas heater 72a that heats a drying

35 gas to be supplied from a drying gas nozzle 13. The fluid heater
67a is disposed on a fluid supply channel 67, and is controlled by



35 Another embodiment of the substrate processing apparatus shown in
Fig. 6 is described below. In this embodiment, opening 22 dimension Bn
of a drying gas nozzle 13 is larger than opening dimension Bf of a fluid
nozzle 12, in a direction perpendicular to a nozzle moving direction D
(herein, the direction is in parallel to a gdrface of a wafer W). To be
specific, the fluid nozzle 12 has a 5 circular opening 12a, while the drying
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15 mozéfitiamtly/diBefor example. [0060] 30 Next, another embodiment of
th te processing apparatus shown in Fig. 7 is described below. In

this embodiment, there are further provided g fluid heater 67 t
Another embodiment% the substrate procegsﬁr}\ag; apparatus

shown in Fig. 8 is described below. In this embodiment, there is
further provided a suction nozzie 80 that sucks an atmosphere
20 near an upper surface of a wafer W. To be specific, the suction
nozzle 80 provided with a suction opening 80a is disposed on a
support arm 15 such that the suction nozzle 80 is moved together
with a fluid nozzle 12 and a drying gas nozzle 13. In this case,
while a supply position Sf (fluid nozzle 12) of a second fluid is
25 moved in a nozzle moving direction D, the suction opening 80a of
the suction nozzle 80 is maintained farther away from a rotational
center Po of the wafer W than the adjacent supply position Sf of an
IPA liquid. A suction apparatus such as a pump, not shown, is
connected the suction nozzle 80. An actuation of the suction
30 apparatus is controlled by a controller 16, and a suction action by
the suction nozzle 80 is controlled.
[0063]
Due to this structure, at the drying step, moisture
contained in an atmosphere near the supply position Sf can be
35 sucked by the suction nozzle 80, while the second fluid (IPA liquid
or the like) is supplied from the fluid nozzle 12 which is moved in



heats a second fluid (IPA liquid or the like) to be supplied from a fluid
nozzle 12, and a drying gas heater 72a that heats a drying 35 gas to be
supplied from a drying gas nozzle 13. The fluid heater 67a is disposed on
a fluid supply channel 67, and is controlled by 23 a controller 16. The
drying gas heater 72a is disposed on a4hert gas supply channel 72, and
is controlled by the controller 16. The fluid heater 67a may be disposed
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whesepy, the mafgial.can be more 15 efficiently dried. [0062] Another
embodiment of the substrate processing apparatus shown in Fig. 8 is
desBitRtbelow. In this embodiment, there is further provided a suction
nozzle 80 thavsheksean odiosghere Lo audsipber puofaeesong waferratus

10 W-sHORESREENE, BrsSyeten Biod R provideehidta s BldiPA OREMNBenter
80a is disposed on a_support arm 15 uchg}gl}ﬂ the suction nozale gl%IS .
mRBHYoGAHRF AHRLIPTLRARRAG U & TRy 6HO RoBPEAS B friative

cage, mldlevaﬁmppﬂ)y ppiihep@ﬁ(fbdinmlesm)whaiseﬁbgd Buid ip@sitioned
moypd injadtozziq, moning JUiRriANSY ikisYliBnArenny 80a:06dR8nd fluid
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controller 16, and a suction action by .
indicated by the broken line, and a supply area of a drying gas
from a nozzle 13 is depicted by a circle An indicated by the broken
line. A center point of the supply area Af is represented by a
20 supply position Sf, and a center point of the supply area An is
represented by a supply position Sn. A line Lf connects the
supply position Sf of the second fluid and a rotational center Po of
the wafer W to each other. A line La connects the supply position
Sn and the rotational center Po of the wafer W to each other. In
25 this case, the line La is displaced from the line Lf at an angle 6a
which is smaller than 90° in the rotational direction of the wafer W.
Thus, the preceding suction opening 80a can suck an atmosphere
above the wafer W, just before the second fluid is supplied to an
upper surface of the wafer W from the fluid nozzle 12. Therefore,
30 it can be effectively prevented that moisture in a processing space
S is dissolve in the IPA liquid supplied to the wafer W.
[0065]
In this embodiment, the fluid nozzle 12 and the drying gas
nozzle 13 are supported by a sole support arm 15, such that the
35 fluid nozzle 12 and the drying gas nozzle 13 are moved together
with the support arm 15. However, the fluid nozzie 12 and the



the suction nozzle 80 is controlled. [0063] Due to this structure, at the
drying step, moisture contained in an atmosphere near the supply
position Sf can be 35 sucked by the suction nozzle 80, while the second
fluid (IPA liquid or the like) is supplied from the fluid nozzle 12 which is
moved in 24 the moving direction D. TRJs, it can be prevented that
moisture in the processing space S is dissolved in the second fluid
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tationa] direction 15 W) of th f 9 | Fi
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connects th esupp _position and the rotatjonal center Po of th
W 1 REER DA VS8 i R D AT v R BB ALSIWer B sed
15 an asgle (e tvarich ik atmallepthers 3O & fhe dotatiorel tizextidrao$tiport arm

wafgr,y Wsu&%’% f@etﬂr@‘dﬂ}' L&%@m%%n@q%%%@%kdwmg step, the

atmospher ove the w ust before the secand flujd.is suppli
nres%ectlve support arms a#e ra |al?y moved in erren%pcﬁlrec ions

at an angle of 180° by a control of a controlier 16 (Fig. 1). Thus,
the fluid nozzle 12 and the drying gas nozzle 13 are moved radially
20 outward in different directions at an angle of 180° from a
rotational center Po of the wafer W. Also in this case, a supply
position Sn of a drying gas is maintained at a position nearer to
the rotational center Po of the wafer W than a supply position Sf of
a second fluid. That is, a distance between the supply position
25 Sn of a drying gas and the rotational center Po is controlled to be
constantly shorter than a distance between the supply position Sf
of a second fluid and the rotational center Po. Also in this case,
with a rotation of the wafer W to move the second fluid which has
been supplied at the supply position Sfin an upper surface of the
30 wafer W toward the supply position Sn of a drying gas, the second
fluid is blown off toward an outer periphery of the wafer W by the
drying gas supplied from the side of the rotational center Po, so
that the wafer is dried. Therefore the wafer W can be efficiently
dried.
35 [0067]
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upper surface of the wafer W from the fluid nozzle 12. Therefore, 30 it can
be effectively prevented that moisture in a processing space S is dissolve
in the IPA liquid supplied to the wafer W. [0065] In this embodiment, the
fluid nozzle 12 and the drying gas nozzle 13 are supported by a sole
support arm 15, such that the 35 fluid B6zzle 12 and the drying gas
nozzle 13 are moved together with the support arm 15. However, the fluid

nozzle 121anchttte§é aying: gasendizzid IhmalyebeBluppditeddy separatefirst
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différentrinéctiots. 'ﬂdbéssr%ﬁmfl%ﬁﬂel&?é%é’parét@l%ﬁi%@i@@@@'@“e”t a
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orts the drying zzle 13, At th dr ng,step,.th
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dr}éﬂ?t&ﬁtsé‘@ﬁiﬂﬁr%i?rt@f erimeres ey POceuviarg paifiersntrdirRetipidcess
at an an le of 1 i][ m a_rotational center, P of the Waferf\.lvt Alsqlrn th(jjs film

ca¥€°3 p%1y p foh Sf nyéncﬁyrﬂb'tgra%trs Famtaiied at a posrtro
nefoemnthstemtiand déeed Ao vg tisdavafdihw thamidilipply pdiaidhrgeess

of @e%%%‘?@r@q'gw%dsa§ gisiapaediewrenthe sirabd R9sHiotd chiedhical

a dryi s and the ro nal center Po is contralled to.be constantly

shB}/ f“g?rga?n Eﬁgtaﬁ eH't‘I*?é%p IE? 03|t§ﬁ‘s¥ﬁ case, tcan be
prevented that moisture contained in the processing space S is
dissolved in at least one of the first and second fluids supplied to
the wafer W. Thus, the generation of particles on the wafer W
after itis dried can be prevented. In addition, drying of the wafer
W can be expedited at the drying step.
[0069]

Another embodiment of the substrate processing apparatus
provided with a humidity adjusting system shown in Fig. 12 is
described below. In this embodiment, the humidity adjusting
system 100 is constituted such that a gas with an adjusted
humidity is supplied into a processing space S in a process vessel
2 from above, and the gas is discharged from below.

[0070]

To be specific, as shown in Fig. 12, the humidity adjusting
system 100 in this embodiment includes a gas supply vessel 91
that supplies into the process vessel 2 an inert gas for adjusting a
humidity. The gas supply vessel 91 is disposed on a ceiling of the
process vessel 2. A baffle plate 93 having a plurality of gas
supply ports 94 is disposed between the gas supply vessel 91 and
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of a second fluid and the rotational center Po. Also in this case, with a

rotation of the wafer W to move the second fluid which has been supplied
at the supply position Sf in an upper surface of the 30 wafer W toward the
supply position Sn of a drying gas, the second fluid is blown off toward an
outer periphery of the wafer W by the dying gas supplied from the side of
the rotational center Po, so that the wafer is dried. Therefore the wafer W
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[0071]

A gas for adjusting a humidity supplied from the gas supply
source 96 is not limited to an inert gas, and may be another gas
such as an air. When air is used, the humidity in the processing
space S can also be favorably controlled.

[0072]

In general, a clean room in which a substrate processing
apparatus is installed has a normal temperature (about 23°C) and
a relative humidity of about 40% to about 45%. The humidity in
the processing space S may be decreased in comparison with the
relative humidity of the clean room, at least at one of the liquid
film forming step and the drying step. This can further enhances
a drying performance of the wafer W. In this case, the humidity
of the processing space S may be, e.g., about not more than 25%
(relative humidity at a temperature of about 23°C). Alternatively,
the absolute humidity of the processing space S may be, e.g.,
about 5 g/m>.

[0073]

Adjustment of the humidity in the processing space S is

carried out at least at only one of the film forming step and the



described below. In this embodiment, the humidity adjusting system 100

is constituted such that a gas with an adjusted humidity is supplied into a
processing space S in a process vessel 2 from above, and the gas is
discharged from below. 30 [0070] To be specific, as shown in Fig. 12, the
humidity adjusting system 100 in this eAfbodiment includes a gas supply
vessel 91 that supplies into the process vessel 2 an inert gas for adjusting

a hvmiﬂays’tféllsz.giﬂbwmhem lv,e$%%t Qins map@lﬁ@:gm;:ft @ﬁ@ngmfntlrtﬁaﬁ of the
pracess vessel 2. A baffle.plate aving,a plurality of gas_ su PQKsS ...
94R{ %I?s%sossfgc? befiten the &E%ué}rﬁy \%égeﬁ@a)r%cfz Egl%tﬁeﬁ prr%g]cgesg Fémical
ve §4@l B SEhatgas 30gpi poite I n ars tgformiltarsaidvely i i buspadity of
bafffeaplite &% sThe gpasersinyassele Goissrermegted jo staas supply

source 96 through a gas inlet channel 95. A humidity adjusting

mechanism 92 is disposed on 5 the gas inlet channel 95 to adjust a

humidity of an inert gas supplied from the gas supply source 96. The

humidity adjusting mechanism 92 is controlled in accordance with a

control instruction from a controller 16, and is capable of adjusting

moisture contents contained in the inert gas to a given value. 10 The inert

gas supplied from the gas supply vessel 91 into the process vessel 2
downwardly flows into the process space S above the wafer W which is

held by the spin chuck 3, and is discharged through an outlet port 98

formed in a bottom of the process vessel 2. Thus, a downflow of the inert

gas with its humidity adjusted is 15 formed in the processing space S, and
thus the humidity in the processing space S can be suitably controlled.

[0071] A gas for adjusting a humidity supplied from the gas supply source

96 is not limited to an inert gas, and may be another gas 20 such as an

air. When air is used, the humidity in the processing space S can also be
favorably controlled. [0072] In general, a clean room in which a substrate
processing
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apparatus is installed has a normal temperature (about 23C) and 25 a

relative humidity of about 40% to about 45%. The humidity in the

processing space S may be decreased in comparison with the relative MCSLLP
humidity of the clean room, at least at one of the liquid film forming step

and the drying step. This can further epbances a drying performance of

the wafer W. In this case, the humidity 30 of the processing space S may

be, e.g., about not more than 25% Cekli8 humidity at a temperature of

about 23C). Alternatively, the absolute humidity of the processing space

S may be, e.g., about 5 g/m3. [0073] 35 Adjustment of the humidity in the
processisgtsiiate Briscessitedroethatd eash ptisiny treesdépisediim forming

step and the 28 drying step. Hawever, not limited thereto, the humidity of

the pr%%%%?ﬁbngp{a%geg@r%gﬁ%e g\(ﬁ&ﬁ%?%ﬁ%?\}v@g% the chemical process

step attethdainsimg stéipuidtdiinatiiediyding harfirgityflofdtlhagrivegzingess liquid
space S. be copstantl jysted u ;
TR TR A R pEerh O R bt ® R3S by gupplving
threreessdifjst f15ithbaviogrankighkiuid| étitityitiofudthgteofitbefipid cass tigsid; and
process liguid mixed with the fir i h C t

substria%tg %ys %B@ I'yl%g;g t%e?ggrd}] zhf{fraslidﬂé}grﬁa\llénﬂglsa |gﬁ6elr§ y{o ti it)g/ﬁhﬂjﬁt of the
phatedshieprocésdiiguiduhdiltheinsugpiginbe Besddhiddi@adhigngrecess liquid
higher valatility tf 0 p [qui iquid film.inclugi
B R S e e it MOl i i f the
sobatrdtenwihdeviasatiop pee Subst@tst the substrate, while rotating the

Sumtr@\'}ﬂﬁ%@@@h@é@ﬁﬁ? %Bégwﬁégﬂg the SREMNA1Ud @RUPBYsition of the

position 0 secon tot rate Is moved radially outward

seloive fuid risidhienavbsdrate iF thewehsadialbouwariigrlatie tng rotational
iqudsimdnaluging, 1 the Jiish kAt dBePing Ryl ik includin

%ﬁ(}gg %&ﬁé%ﬁfﬁ%?%d from t%e _substrglt%(teyf_ 2. The substrate pﬁ)fécessing |

thetiisd fodoraihd e piarass, liduisemixemhphidinga st ik fnochs sibptrate.

of processing the substrate by a chemical

2. The substrate processing method according to claim 1, further

comprising a chemical process step of processing the substrate by a chemical

liquid, before the step of processing the substrate by the process liquid.

3. The substrate processing method according to claim 2, wherein
a hydrophobic property of the upper surface of the substrate is increased

by the chemical process step.

4. The substrate processing method according to claim 1, wherein
at the step of forming the liquid film, while rotating the substrate, a supply
position of the first fluid to the substrate is moved radially outward relative to the

rotational center of the substrate to form the liquid film.

5. The substrate processing method according to claim 4, wherein
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liquid, before the step of processing the substrate by the process liquid. 20
3. The substrate processing method according to claim 2, wherein a

hydrophobic property of the upper surface of the substrate is increased MCSLLP

by the chemical process step. 25 4. The substrate processing method
according to claim 1, wherein at the stgg of forming the liquid film, while

rotating the substrate, a supply position of the first fluid to the substrate is
movedradialifipeivessd refative sapbey rmsattmralafetiter ffsthéusdbstréte tetep of
orm the liquid fﬁ 30 5, The substrate processing methad according. to

(TING 0m M THESE TP 0 ey Do eb A LS Baai i of the

$bedirgtffluitzatt Heesttgp aff s tgpiyimgpttieslispidriidhilisdaster than a moving

speed of the supply position of the second fluid at the step of supplying

the second fluid. 5 6. The substrate processing method according to claim

&, wheTeia suttttits arepessing thetboldsacterdingés@piof forwhingeine
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slosanditigito @laotatipndiespincat tietsiepobstipplyial e stepraf fabplying the

géxg'rﬂi%sids further supplied to the upper surface of the substrate, and

supply positions of the drying gas and the second fluid to the substrate

are moved radially outward relative to the rotational center of the wafer,

R AT s S o g

he substraté nearer he rota center

supplyapdbiictesf tfesppbriadithe. S coms Sbdtratd progedrinig sthedsupplied
ccording t X , . 0 g . .

TR SR e Apal D S AR

thed sheasupflyigoisititieosuisteteontefimavedTrrdinlyseatwprdcedative to the
9L RCEAHEingr R ElRim&: WGTELRIRE SRRk R%’?H’i@fhﬂg”iﬁéjﬁdaaiﬁﬁ%siﬁon

to the substrate is positioned ahead 25 of the supp y position of the
sbthendriiing anthiodiiestrabs!iata rerirsrial i setRiirbptfestaiswfdhe sgbstrate

3% SHOSRIRPESSSINgrIRthed 354q1dikqg to claim 8, wherein

8. The substrate processing method according to claim 7, wherein
the supply position of the drying gas to the substrate is positioned
between the rotational center of the substrate and the supply position of the

second fluid.

9. The substrate processing method according to claim 8, wherein
the supply position of the drying gas to the substrate is positioned ahead
of the supply position of the second fluid to the substrate, in a rotational

direction of the substrate.

10.  The substrate processing method according to claim 8, wherein
dimension of a supply area of the drying gas to the substrate is larger
than dimension of a supply area of the second fluid to the substrate, in a

direction perpendicular to the moving direction of the supply positions.
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dimension of a supply area of the drying gas to the substrate is larger 30
than dimension of a supply area of the second fluid to the substrate, in a

direction perpendicular to the moving direction of the supply positions. MCSLLF

MCS5LL 31 11, The substrate processing method according to claim 7,
wherein the drying gas is an inert gas3412. The substrate processing
method according to claim 7, wherein 5 the drying gas is a dry air. 13.
{ihe subgirai® Sretegsiogeamom et diogiatigit Elaihefeimharbizated
drying gas is supplied. 10 14. The substrate processing method according
to claif“ﬁel,dWH%g AeHE Bl BHIBDlying the second fluid is performed,

while sucking an atmosphere near the upper surface of the substrate. 15.

The sybstrate processing method according to,claim 14..wherej .
%ctioﬁ%&'ﬁ%ﬁtr ?ﬁwgrg ggme%%o tﬁggsourgbrll)g E)%SCI ‘ffi(‘)rr‘?i:)f“ tﬁge]g%gond
fluid tattbelsyihgtide are mhgvaid. radially outward relative to the rotational
center of the substrate, while maintaining the suction position of the
atmosphere farther away from the rotational center of the substrate than
1Be suUfipyspbsitiateqiitheesstgnohétidd20c¢6rding tublstrate prberssing
method according to claim .14, wherein a suction position of the
atmosﬁiier%?%gp% i&?@n%%sdﬁeséﬁ) Bﬁ?ﬁe supply position of the second fluid
to the substrate, in a rotational direction of the substrate. 25 17. The

e L e R o
fluid istperfisped withryingnibiy seoand fheécsubsperiormsag wsmk@r fheking an
TR R R e
32 the processing liquid is a deionized water.
15.  The substrate processing method according to claim 14, wherein

a suction position of the atmosphere and the supply position of the
second fluid to the substrate are moved radially outward relative to the
rotational center of the substrate, while maintaining the suction position of the
atmosphere farther away from the rotational center of the substrate than the

supply position of the second fluid.

16.  The substrate processing method according to claim 14, wherein
a suction position of the atmosphere is positioned ahead of the supply
position of the second fluid to the substrate, in a rotational direction of the

substrate.

17.  The substrate processing method according to claim 1, wherein

at least one of the steps of forming the liquid film and the step of
supplying the second fluid is performed, with a humidity around the substrate
being lower than that at the step of processing the substrate by the process

liquid.

18.  The substrate processing method according to claim 1, wherein
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19. The substrate processing method according to claim 1, wherein at

least one of the first liquid and the second liquid is selected from the 5

group consisting of an IPA liquid, an IPA solution, a mist of IPA liquid, an  MCSLLP
IPA vapor, and a vapor of IPA solution. 20. The substrate processing

method according to claim 1, wherein 3Re first liquid and the second liquid

are identical to each other. 10 21. The substrate processing method

according gpeocledsing Videtkis sadetatenbdegatat fluid is supplied. 22. A
substrate processing method comprising the steps of: 15 processing the
substrate by a process liquid; supplying onto the substrate a first fluid
tavingradightes tralatpityctssin thatedh tteanoweksditpidaintila Wheikeiim,
including,a mixture o irst fluid a roc liguid ,is.f

whole 3 F&séuor?a?cggoﬁht%elrs%ggl% efggcrlltg ﬁtézs;l)eﬁ;fglﬁﬁgﬁg ise%gr%ﬁﬁ%ﬁ%m the
dravipgartigtiegvolaitityRAaimthd: ahttieA2eoiuticasslionisd,ad HRe liguid, an IPA
film while rotating t t herein at the step of supplying the

@dnd %ia,vaa 8%{3%@%&%@*?8%3 second fluid to the substrate is

moved radially outward relative to a rotational center of the substrate so

to remo iquid fi t f [ iquidfilim,i the
o R i i e
substrte frshddeddradrhtijeosewarnd fisitilane trniistie RadeatBebf the
substrate and then moved radially inward relative to the rotational center
of the substrate. 23. The substrate processing method according to claim
20, whEheirsabStateoniagessied prihed@ssypidtiorctifed fivbaiginat

the step %5%@%}%%% Hgm'qsfigudaﬁggger than a moving speed of the

supply position e second fluid at the step of supplying the second
fluid. MCSLLP 33 24. The substrate processing method according to

im %é%u@&r% 3 rEiigRg mReRshA ShoRuhssraie sidhs step of

orming the liquid film is slower than a rotational speed of the substrate at

the steprotespipy ity thebsdEad AR 9gessTHiibstrate processing
method AP RLIHE LbarECH st FRIRNPRRRHELhRIHEE volatility than

substrate at'the step of forming the liquid film is slower than a rotational

tssenf henprogasadiaud etiapiaristdiasding Yguddpidare of the first fluid

and the process liquid, is formed on a whole upper surface of the substrate; and

then supplying a second fluid, having a higher volatility than that of the
process liquid, to the liquid film while rotating the substrate, wherein

at the step of supplying the second fluid, a supply position of the second
fluid to the substrate is moved radially outward relative to a rotational center of
the substrate so as to remove the liquid film, and

at the step of forming the liquid film, the substrate is rotated and a supply
position of the first fluid to the substrate is moved radially outward relative to the
rotational center of the substrate and then moved radially inward relative to the

rotational center of the substrate.

23. The substrate processing method according to claim 22, wherein a
moving speed of the supply position of the first fluid at the step of forming the
liquid film is faster than a moving speed of the supply position of the second

fluid at the step of supplying the second fluid.
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by the process fluid. 10 26. A substrate processing method comprising the
steps of. processing the substrate by a process liquid; while rotating the
substrate, supplying onto the substrate a first fluid having a higher
volatility than the process liquid until a liquid film that is a mixture of the
first fluid and the processing liquid is f&3¥ned on an entire upper 15
surface of the substrate; while rotating the substrate, supplying a second
Jyid, ditferesutfstrattheprivestshiity avetiihd emticordpygertoudiaigolthe wherein a

substrate, and during supplying o S luid,. mavi :
BRROR RS STt i oy Hateh R Rt i siower
thfithe sofasivate tpe20i rehibees tsliatddafithefrotentiod sppely g e wfaaed fluid.
substrate. 27. A substrate processing method according to claim 26,

wherein the first and the second fluids have different densities. 25 28. A

Aubstrateepeotssitg pTOGRES RGP argaTdisowiRe A the4irsvhaigin the
r% %tlsoerﬁzé)lngpg'é'gSo@rt%é)fsgl'ggr%% eI step of forming the liquid film is slower
than a rotational speed of the substrate at the step of processing the substrate

by the process fluid.

26. A substrate processing method comprising the steps of:

processing the substrate by a process liquid;

while rotating the substrate, supplying onto the substrate a first fluid
having a higher volatility than the process liquid until a fiquid film that is a
mixture of the first fluid and the processing liquid is formed on an entire upper
surface of the substrate,

while rotating the substrate, supplying a second fluid, different from the
first fluid, over the entire upper surface of the substrate, and

during supplying of the second fluid, moving a supply position of the
second fluid radially outward relative to a rotational center of the substrate to

remove the liquid film from the upper surface of the substrate.

27. A substrate processing method according to claim 26, wherein the first

and the second fluids have different densities.

28. A substrate processing method according to claim 26, wherein the first

and the second fluids are of different states.

MCSLLP



