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59* SUBSTRATE TREATMENT APPARATUS AND
S TMENT METHOD 5 Background of the
IEMM@“‘““ Field of the Invention The present

[ rel'ates to a substrate treatnent nmethod and
a subsPPite treatment appar at us and, nore
specifically, to a substrate treatnent nethod of
applying a coating solution to a substrate, for

exanpl e,. a 10 sem conductor wafer, an LCD substrate
and the like to forma coating filmon the front
surface of the substrate and an apparatus therefor. 2.
DescrSUBSIRATE TR BRATMENTAAPPAORAGNTS D SURSTRATE
technol ogy of formng nultilayer wiring on the _
substrate is enpl oyeBRWATMENTAMEBEIAIODN i nt egrati on
of sem conductor 15 devices, in which a silicon oxide
filmbased glass that is referred to as SOG (Spin On

G ass) is used as filmfor inﬁulating wirings in the
mul tilayer wiring opgad ofjt gjnventioner ns from

each ;other .. The. .nethod of formng the SOG filmis

lgghegpaqtlk@ealnNEPHQH of applying a gl ass gorrponent 20 b

ol t efy.| .- sol yen nto the substrate

a spi *;I]“h %gtgt%g%e{ %g{c’]%r&é%g raﬁ\}%ﬁw Oa?nauﬁiﬁ%tien epf‘m fhethdd and a
I ' . i t e

SUPSLR b BRATIRAHED A RS %P?n&r%é@%?ﬂ#sg%?aé Heatment
e ' [ 1BEN W roy ectd

e aae) R PLAE b RRHAEN P 2 MRErAE  fpr, example, a

sembcdrrchtotor aadet, aer ECH subdtestearidyticCke %6'%@095651%% film on

nmet hod and thermal drying are perforned, unevenness |

thehErpat sbrfabe of ithenspbskratef et ah appardtag théefshape of

vel .differences of the projections and depressions

|
2oBeserptienfithg ReleedAut i n subsequent process st eps.

! ! .V I,
The 1C%)1l1\1/%r11%c1)n£1f1§,| aI l[éclhnoll(l)!g}l' otl lfé)}mlﬁlg mu tlllayer wiring on the

substrate is employed with an increase in integration of semiconductor
devices, in which a silicon oxide film-based glass that is referred to as SOG
(Spin On Glass) is used as a film for insulating wirings in the rhultilayer
wiring, that is, circuit patterns from each other.

The method of forming the SOG film is generally a method of
applying a glass component molten in an organic solvent onto the substrate
by a spin-coat method, and drying and burning it by thermal treatment such
as baking or curing to bond the glass component thereto, thus forming a film.

However, a circuit pattern with projections and depressions is formed
on the front surface of the substrate, and therefore when a typical spin coating
method and thermal drying are performed, unevenness in shape of the film
surface following the shape of level differences of the projections and

depressions occurs, causing problems in subsequent process steps: The

-
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*000002* 2 problenms are, for exanple, that for
l'ithography, if perforned, various poor conditions
are caused, such as degradation in line width (CD) due
to an increased focal depth, an increase in |evel
difference with stacking of filns and so on. 5 Hence,
there is a need to flatten th® coating film As the
met hod of flattening the coating film a chemca
mechani cal polishing (CWP) technology is known in

' f i fj N th I -
proBLcfs betof BSaRRE: S Ko SHRER, Y ph PR vatfous poor
P o . L Shi N Al Lk 6
cobghigh Wer el s GlspigEbgP Al ) PR e o an
in€teakbd oAy de?ﬂg! a5 hhA@ase r{Helre*veP'Eﬁ’ffEﬂﬁqc%UWiﬂP §ta?i([ixgg f films
polishing cloth’is pressed against the coating fi _

andrsd ba. substrate to remove a part of the coating
film Besides, as another flattening nethod w thout

undetigricey there s gmeedoadflptienade com@sil@VP, A8 the method of
coati ng net hod and aﬁgar atus are known 1n 15 which a

flagteatingg thel woating sfikuppti efemicahemmohaniat e polishing (CMP)
aving ap uneven surface so that a coating filmis
teghrelagyoln iﬂ@vﬁé inhwiiely eftemshe wdasing flmt he cured by thermal

substrate by.a scapner plate, and an air pressure from
retmensy 2 HOEfyShlrég splutinmhpBtaining mechanéealypligysgiparticles and

e A e ek b B8RS poihing
1 bkt PR ineRoE0, AR LSRR O, ARRRERH o 1
. , cant
pre R EHEAREE i, LORAUTRILANE, of SSGFAPLA) AR, pepart of he

coafiabi fignfi I mthin and even (see paragraph nunber
.0142 and FIG 8 and FIG 13 in Japanese Patent

App! Betides) dsabflotirpeflatieningeimdihod2@93ut @Riergoing the high-

load process such as CMP, a coating method and apparatus are known in

which a coating solution is supplied to the substrate surface having an uneven
surface so that a coating film is spread out to be thin over the surface of the
substrate by a scanner plate, and an air pressure from a nozzle in a slit form is
used to evenly press it (see Claims and FIG 1, FIG. 2, and FIG. 4 in Japanese
Patent Application Laid-open No. Hei 7-47324). As still another means, a
coating method and apparatus are known in which a coating solution is
supplied to the surface of the substrate, a gas containing a solvent vapor is
then suppliéd to thereby make the coating film thin and even (see paragraph
number 0142 and FIG. 8 and FIG. 13 in Japanese Patent Application Laid-
open No. Hei 11-329938).

Summary of the Invention
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Summary of the Invention 3 However, the technol ogy
descri bed in Japanese Patent Application Laid-open No.
Hei 7-47324 has a problem The problemis that since
air is blown to the coating solution, the coating

sol ution evaporates to harden resulting in a
decrease in flowability to fa$| to sufficiently
uniform ze the 5 coating film In the technol ogy
descri bed in Japanese Patent Application Laid-open

No. - Hiphwbber 233 8o HIABBY AHE QN 9dd §herLoRL,E ht tAfglglication
mor e pared t FRAESE P

can be suppresse s 0 . ;
L4iachpd 8y, Henoest % ﬁtﬁﬁ\eélegfolﬁ/léﬁf?r Tﬁgf{ﬁg}%l%r\f} S Otgg since air is

coat’i ng sol ution, oating so

blowrhas dge asaiifgt §ulidnf ahee Eo&ﬁﬁg NQY188¥ndE¥GabBrates to harden,
i nfl uence of the surrounding environnent in the

refuleaigminta gectdase. il ERowabilityl o aide®r saffciefitly uniformize the
flowability. Accordingly, this technology alsd has a
coatimg) Bimof the coating filmbeing not sufficiently
uni form zed. The present invention has been devel oped
i n cdnshadeehnelogyfdeseeibetbimbapanese Ratest Appéreatiand_aid-open
its object is to flatten the coating filmwth
Nenftedr Wi-8¢9948. eivgposation afythe chetingusaletigoi ean de suppressed
hi gh-1 oad prgces such as CWP. In_ order to attain the
m%'ge% COBIRATEC t?ﬁge PEBEHteshRelegyinFe dhe gekvent vaporgs sent to

th iRt SO0k, B8 Bels etine ofina s3gpecara e rdencas in the
o FBReSH5ORES B el L B S e S B i the
ndgga ey, SRR By MRl AR  TACRE g, i
A STog3PRe RS B BTBILOIAD lALOER ALY L Rcency
uriiforetiebdt he coating film a 25 second coating step of

supplying the coating solution to the substrate to
f or mThe present invention has been developed in consideration of the

above circumstances, and its object is to flatten the coating film with

uniformity and high accuracy without undergoing a high-load process such as

- CMP.

In order to attain the above object, the present inventjon includes: a
first coating step of 'supplying a coating solution to the substrate with
projections and depressions on the front surface thereof to form a coating
film on the front surface of the substrate; a first drying step of heating the
substrate having the coating film formed thereon to adjust an etching
condition of the coating film; an etching step of supplying an etching solution
for etching the coating film formed on the substrate to etch the coating film; a
second coating Step of supplying the coating solution to the substrate to form

a flat coating film on the front surface of the substrate; and after the second
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a flat coating filmon the front surface of the
substrate; and after the second 4 coating step, a
second drying step of heating the substrate to cure
the coating film According to the present invention,
it is possible that after the coating filmis forned
on the front surface of the Substrate with proj ections
and 5 depressions on the front surface, the substrate
is heated to adjust the etching conditions of the
[ f ] ' e j .
coRfIRE Mt SEoRA Uy LEB, U0, MR MIbrhRA LI (B coating
filkhe coating filmin the etching step so as to renove
the excessive film thereafter the coating solution is
suppAcebrdigs to tid préseat éhediiosoatis possiblentha AfREMiR coating
flat coating film and 10 the substrate is heated to
filourie fopaied) onhthe dedminguffaten oAfthersubseratecwitth grojedtdons and
step, the second coating step and second drying step
depressiefeandhieyiront sorfaed, thehsulstivatedkihegted tpasfist the etching
tq. stack tl[:e cured _coating films one on the other and
Conaltﬂfm& péthe coptiagefilme snelv@s thei etchmmemamt; Hee etaing time,
urface of the cogﬁi ng film In such a viewdoint, the .
aﬂ%&‘q PRsthe elehing solwpon 45 psed de ately the epatisgcAlmgn the etching
tst eB, sgcond coatjpng st eg., ag:il S condﬂdr ing step ) )
SIGR: SP e &Y 6P Ye NG r PSS INe; Bilme JARTERILEN, ENG [Gogfing solution is
' . ep second ,dryi.n e cool i ste
sufBH b R R R BB FUGT i Jofifng et Him, and
' I f f.the bstrate which
the, SBbqie S e B cRETREIR) thE BabddiMiyS 307 drying
st ep ARst §ieC AR oflY H%Qggt SRRpt AhRNs&RId" Lb'@a"tﬁlgp §fegat tﬂ%@ second

for the etching ste i Nng 4 subsequent step.

drﬁiﬂigsﬁtfe?taﬁ'etﬂegéhf&ny pefdiated, WhereBhendkihgtit HRREINIE to stack the

step, first drying step, etching’step, Second coating
cusgc pcoamy seloosdonk yomghst epherr andr epefiireliéry decrease the level

.performed, a plurality of the substrates for which
differsmoeeon she dromssurfiece of the coatnpdiknbedn stichi s végvpoint, the
may be tenporarily housed in a buffer unit _
first coating step, first drying step, etching step, second coating step, and
second drying step may be repeatedly performed.

After each of the first drying step and second drying step, a cooling
step of cooling the substrate may be provided. This can rapidly lower the
temperature of the substrate which has been at a high temperature in the first
drying step and second drying step to an optimum temperature for the etching
step being a subsequent step.

In the substrate treatment method, when the first coating step, first
drying step, etching step, second coating step, and second drying step are

repeatedly performed, a plurality of the substrates for which treatments for

_the first time have been finished may be temporarily housed in a buffer unit

in sequence, and after the first coating step for the last substrate in a lot is
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in sequence, and after the first coating step for the
| ast substrate in alot is 5 finished, treatnents for
the second tine for the substrates sequentially
carried out of the buffer unit may be started. In the
first and second coating steps, the coating solution
may be supplied to the front’ surface of the substrate
with the substrate being 5 horizontally rotated, and
in the etching step, the etching solution nmay be

firfi SR&d | 18&h thieritd Fof "tl‘i’é‘%ﬁ@éﬁd fitfre ?{)r {H‘@sﬁl?%gé&%l@%ﬁ‘é&r%@%%y carried

t he substrate being orizontally rota

outt lofPRe Hulited Wrdit Wiy BE Btartd®r m the coating filmon the
entire front surface of the substrate in the first

coat Inghet €pst and dchd keatingt ktepsf ithe) ditiny Rblutidh may be
the horizontal direction and In the depth 10 direction

supplietdetet tte gost eprfaed ofothei fubsttate f ofith tthe sebétrae being
filmon the front surface of the etched coating film

horizonitelly eesai¢de crd gy thieeptchingt stepf ithstetdhirigngohitégn may be
an econd drying step, the substrate may be

SURBHEdoHR athey f%@lti'fatséﬂds]faC&néPfaﬂ@ﬁf ysulstigde wath Bhesepbstrate being
to the substrate. This allows a_ centrifugal faqrce )

hogizeatally, Fofated; ot Hhisgnakes tlh@°§§1‘t15§@ tatenifermisndoenithe coating
the et,ching sqlution serv for the treatne and the

fily, Bpr e pRfRE it SEREE O e fybatfatectitic drst Cpatingestep, o

:0veRt.ion, nperat ur-e of ;the etching .

et FE RhpPL Rl ofnitbBRLY HBEThN B8 lal eIl 88 inothe depth
: B50C : h tehi .on, one_of

AileiRACIn S WHing3ebEnd S Ao YA RS fhe bl on the

frotfl seRfudel OnehedtcRel Corting! fiff 1AM ARcBhUVoafife gLyl | On
can be used. According to another aspect, a SEbStR at e

trealifeit MRPAIrHIMS stip hAG scRoRTCAtyihBVEBh] e substrate may be
i ncludes: a holding neans for holdi'ng the substrate to

hopzonhally rotated) and atdryaid gas anzypbeisuppéiedutol the subpplave. This
nozzle for supplying the coating solution to the
allowiss e reandrifiegal forceeauset dby gherwatatjommfathehsulist2fie to remove

sol yt.ion supply nozzle for supplying an etching
the @ttﬂ\mgﬁsoﬁgﬁogtggﬁy@@ ferithe treatment and the supply of the drying gas

to dry the substrate.

In the present invention, the temperature of the etchihg solution is
preferably adjusted, for example, to 20°C to 50°C. Further, as the etching
solution, one of a solvent for the coating solution, a hydrofluoric acid
solution, an acid solution and an alkaline solution can be used. |

According to another aspect, a substrate treatment apparatus of the
present invention includes: a holding means for holding the substrate to be
horizontally rotatable; a coating solution supply nozzle for supplying the
coating solution to the substrate held by the holding means; an etching
solution supply nozzle for supplying an etching solution for etching the

coating film formed on the substrate held by the holding means; a heating
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- todREMR 8PAHAE Aamenthy fhentesiréarred

coating filmforned on the substrate held by the
hol di ng neans; a heating 6 neans for heating the
substrate; a tenperature adjusting nmeans for adjusting
the tenperature of the heating neans; and a contro
means for conducting rotation control of the hol ding
nmeans, supply control of the Qoating sol ution supply
nozzl e and etchi ng solution supply nozzle, and
tenperature control of 5 the tenperature adjusting

S0 FORIAETHE Sy R0 LASEHLERM, DR e PR B Wi

th8 GkfiftGaflRRNST the HeQfifk?d Sh fbléﬁrﬁp?lt H‘Fea;rfsoﬂir conducting
of a step o

surface t he substrate, theteafter

rofidn eentlot cTUBSt AU P AYS4es ts*glmg ol féf R eémﬁ% solution

thereon to adjust an etching tion of the coating

supplymoazkt and etclanppolutiontfupty Hlizzde, stld/tdrpersuiccontrol of
the substrate to etch the coating film thereafter a

thet tempdrasunep byljusginghenearsat i Tihe sobntrobméang kecutes a step of
substrate to forma flat coating filmon the front
supplyingethst coating sbhitien ¢ thadsubistrate retated dfy temhbhding means
t he substrate to cure the coatin? film In this case,
the swhstrate| thargafter a step of

heFRBEL e Fb3Et, T?ﬁg@t &Egﬁé@iﬁg"" dolon ifﬂgéﬁgéfaéxgé&?&f adjust an
i . il t, rate . .
{5, GiniapSt i St ?ﬂ@?ﬁ?@erﬂft wft}fﬂﬁ%rfg)m sicing soluton
.at us, for, su ing,a at i ng.
o 3%‘.5@#9%%r@aé‘@@gff}eg?@gﬁﬁghﬁkﬂo jﬂé@iq%%% Biteb of supplying the
' e . for .
SB35, By 3 ISP N g e
surfRLUSS BE sabseafel RBdUNeh & Qtep FMBdfidd ehs Q?Bhfl?‘%tgef td Bure the

on the front surface of the substrate;” an etc

coating fiim.et bhithis tdasecdlaé i neating Mbangatapnbé embedded in the
substrate; a heating unit having a heating neans for

hotdiatg myears sTibstsudiserate tresmpeantabhpperasg uahy narteannclude a
for adjusting the tenperature of the heating neans; a

copbizig mganaifer naoling the subsirate.means for cooling the
substrate;  a 25 C_?rri er unit for_carrying-in/out the
substhegardieg @ sHll arothen@spectythe subshatentreatment apparatus of

the present invention is a substrate treatment apparatus for supplying a
coating solution to a substrate with projections and depressions on a front
surface thereof to form a coating film on the front surface of the substrate,
including: a coating unit for forming the coating film on the front surface of
the substrate; an etching unit for etching the coating film formed on the
substrate; a heating unit having a heating means for heating the substrate; a
temperature adjusting means for adjusting the temperature of the heating
means; a cooling unit having a cooling means for cooling the substrate; a
carrier unit for carrying-in/out the substrate between the coating unit, etching

unit, heating unit, and cooling unit; and a control means for controlling the



10

15

20

25

unit, heating unit, and cooling unit; and a contro
means for controlling the 7 wunits and the tenperature
adj usting neans. The coating unit includes a holding
means for holding the substrate to be horizontally
rotatable and a coating solution supply nozzle for
suppl ying the coating solutidn to the substrate held
by the hol di ng nmeans, and the etching unit includes a
hol di ng 5 nmeans for holding the substrate to be

unfter AR@N{R k%g@fﬁﬁ?@'ﬁgé%%%@ﬁﬁ@ N9heS ebﬁﬁhgnuﬂﬂpmé{udes a
nozzl e for supplying an etching solution tor &tching

holdi®g &Rahis"brf hblﬂiﬁgrtrﬂéds@lﬂsﬂ*it@ &1 bet ﬁéﬁiﬁon@ﬁ' t8fkABle and a
nmeans executes a step of supplying the coating

coatihgt selution tshpphyphedzAe efgrobapplliy thee coatidcngoRRRIIS to the
of the coating unit to forma coating filmon'the

substoate lseldf by ¢hohddmes ntesnsatad the eckirgpunit inedidesga holding
the substrate having the coating filmformed thereon

means fafj belding thecsbmiratortdi be droridoritaly cdaiabde fandnan etching
step of supplying the etching solution to the )
solitian rapply onezzll fore suprlying an| etchingtsgduton for etching the
su pliyf' n% the coating,solution to the substrate to
copiihih flrm Tormed.an Age SHPRak- t hbhe Control STPRRE ExepuieRa step of
supstrate, and then a step, of heating the substrate.to
sufiRangbe adting. ot Fanihs subRiTate: fatated Ry Becaping means
It further. have a .cl eanin lytiaon uppl
of 1 soBBg ik 85 Fortf s s Sefnd HliSa 3Rs dros usFacFof the substrate,
p j e i . r : € t
a SBPOERAEMHIL Shshiss, MRy I Bk Shting i Horyied agreon 1o
[ i; S IO e [ ' .
odFHFPY ST SR 105 B WEOBol h SR 18 AU GPbBing the
etdHingt JBiti oARBahRt difb st ftHIdtbR thé RaHHe AlAULI&Ep WH dupplying
to/fromwhich the carrier unit is capable of '
thelebatiag swjution teedes wubgtrateeto Sosta lae coatiigfil@hon ghe front
capabl e of housing a plurality of the substrates.
surdace Hefr the subdimteybadrthiea a istep ofhteatimgathst ssbstrite to cure the

et.ching unit may have a 25 drying gas supply nozzle
copngdulsdl yi ng a drying gas to the substrate.

In this case, the etching unit may further have a cleaning solution
supply nozzle for supplying a cleaning solution for suppressing etching to the
substrate. Further, the coating unit has an etching solution supply nozzle for
supplying an etching solution for etching the coating film formed on the
substrate.

The substrate treatment apparatus may further include a buffer unit
to/from which the carrier unit is capable of delivering and receiving the
substrate, and which is capable of housing a plurality of the substrates.
Further, in the substrate treatment apparatus, the etching unit may have a
drying gas supply nozzle for supplying a drying gas to the substrate.

Further, in the substrate treatment apparatus, the etching unit may be
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Further, in the substrate treatnent apparatus, the
etching unit nmay be 8 conposed of a plurality of
units capabl e of supplying different kinds of etching
solutions different fromeach other so that the
etching unit selected according to a condition of the
filmthickness or the like ofSthe coating filmis
usable. This nakes it possible to etch the coating
filmusing a nost suitable 5 etching solution for the

cof fi%iectOF, Frluelitd o bfeS HdIT ot APophiBer Hiftene kinds of

etggjﬁ? %Mﬁon@h(ﬁff'éfr@ﬂjc Z’lg)rﬂnéa{chnaﬁheéh%%ﬁ {}féTQ&rhglﬁé'[Lﬁleit selected

sting neans for Justing ti nperature
acebfdinBGosPtohdRIbrt Bf thd FESEURERM R0 ﬁf@ﬁké"’ogrtg? cbBfing film is

tenperature adjusting 10 nmeans bei ng provide ong a

usablwn! yThisomakesiepbsiblato etcthilitOcsaing i usigPa Ynost suitable
source and the etching solution supply nozzle.

et¢hinghsoluticne fet ¢he ngpnditionney thecfilidetldcknese ok riati Bke of the
adj usting means for adjusting the concentration of

coghagdilehi ng sol ution to a predetermn ned
concentration. As the etching solution, for exanﬁj e,
one dfurthesolinetiie substrale trsabvant mppasitusi dhe eiching unit may
hydrofl uori c acid.sol ution, ar% acid saqlution and an

hayf ) temperatiug o] EkBb anedes Tope asdngpthte deoperature of the

B LB o TRt i
o, TS O PR N 4 s
. . . . s
subB: pEcRORI e Rietihg SPTulon Pal 80 A8E et ¢ si ae
Vi eWESH N hPeldHitg lﬁﬁpfr'}%ilmtlu@é ﬁacor%élﬁ%&t'tﬁ)tneadjusting means

treat nent apparatus-acco ng to the presen

for ridgnsting ;thaScohéentZhid® Jfl he?CtéHifgesdltitrtto a r}ﬁ)redetermined
cross-sectional views of a main par each show ng a

coficentrhtionat i As thi¢ atehing saluten] fur éxdmple) doeeof 4 k6tvent for the
cogtrgtr)lcédlsgﬁ?ttion, a hydrofluoric acid solution, an acid solution and an
alkaline solution can be used. |

As described above, according to the present invention, the coating
film can be formed with its initial level difference due to projections and
repressions being made small within an allowable range, so that the coating

film can be flattened with uniformity and high accuracy.

Brief Description of the Drawings

FIG 1 is a schematic side view showing a first embodiment of a

substrate treatment apparatus according to the present invention;

FIG. 2A to FIG. 2C are enlarged cross-sectional views of a main part

each showing a film formation state of a coating film in the first embodiment
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9 of a substrate treatnent nmethod according to the
present invention; FIG3A to FIG 3F are schematic

per spective views each showi ng each step in the
present invention; FIG 4 is a flowhart showing a
procedure of filmformation of a 5 coating filmin
the first enbodi nent of the bstrate treatnment nethod
according to the present invention; FIG 5 is a graph
showi ng the relation between the etching anmount of a

of@émfatamphdtﬁﬁnh%@étma a{dc@?dir[gpfd“ﬂlé) R38R @@fﬁ{&ﬂ-on:

FIG6 is a flowhart showi ng a procedure o

f or MRl r3 Af tot FeG. BF @@@tSCh@rﬂatidnpeBs;ﬂaciﬁﬁﬁeOWews each showing
- enbodi nent of the substrate treatnent nethod

eaahsteplimthe présent pnessidn;i nvention; FIG 7A to FIG 7D
are enlarged cross-sectional views of a main part
each Heow ng a flowohadr strwing st arecedurehef dolm i fogmation of a
filmin the second enbodinent of the substrate
coptiggt fem wethediigdcembasdimentt b€ fheesuhstrats treatment method
invention; FIG8 is a flowhart showi ng a procedure of
aCFPTangc;Pthﬁﬁﬁs%‘?t HWENti®8ating filmin a third

oot S s g%helbﬁékéifﬁ{lgftﬁséﬁ i Deresem e chigngamount of
t
a QI8 RR0RE0 966 hERRRE 1RRE ih R nrdidilin%Enfo bﬁg' coat i ng
treat ok Beendg kB8P SiRIEGE ¢ prbEFadien Bt e darmation of the
cohtifs 1 TS i ngogcg‘@éﬂ?{d “en’ﬂé&&ﬁniﬁt‘:tdfoﬂ?é S\t{lbs ?e{"ﬂ%eﬂﬁle%t method

sec i ment e substrate trea
ac@@ﬂﬁhgtt@qh@mgghﬁgwteﬁubhe present 25 invention; FIG
11Ato FIG I E are schefrati c perspective views each

showHig. 7A to FIG 7D are enlarged cross-sectional views of a main part
each showing a film formation state of the coating film in the second
embodiment of the substrate treatment method according to the present
invention,; |

FIG. 8 is a flowchart showing a procedure of film formation of the
coating film in a third embodiment of the substrate treatment method
according to the present invention;

FIG. 9A to FIG 9F are enlarged cross-sectional views of a main part
each showing a film formation state of the coating film in the third
embodiment of the substrate treatment method according to the present-
invention;

FIG 10 is a schematic cross-sectional view showing a second
embodiment of the substrate treatment apparatus according to the present
invention;

FIG. 11A to FIG 11E are schematic perspective views each showing
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10 each step when the substrate treatnent apparatus
shown in FIG 10 is used; FIG 12A is a schematic pl an
vi ew showi ng an exanple of a substrate processing
system i ncluding the substrate treatnent apparatus
according to the present inyention, FIG12Bis a
schemati ¢ side view show ng first unit 5 group in
the substrate processing system and FIG 12C is a
schematic side view showing a second unit group; FIG

eadls st n(%) @Iﬁﬁﬁﬁ@%b%tr%fé’ﬁ%aﬁﬁ@ht Qﬁ?%] rath SEhSRABIAM 0 is used;

exa an etchi ng unit 1n e presen I nvention;

FI G F1G 5’12?& fd @%H&hbtlégﬂ%nﬁe@v PhOW I ag é%faﬁﬁb é'bf a substrate
formation of the 10 coating filmin a four

precdmsitigrenttenh inbRidinpstheabebitiaat reatment b aratus according to
according to the preSent invention; and FlI is a

theé poesemarinvehbennBI@. p2Bcisda sehefatii! gidé oriewt sl@clslwgig thrst unit
coating filmin a fifth enbodi ment of the substrate

groupdn sulesttadd pracessidgnsystem, lmdpFESen2G s anddhmmatic side
.15 Detailed Description of the Preferred Enbodi nent

Vg SEONENgeR secmrg* BRRErowphodi ment s of the present

i nve ibon wil | descri bed Inr@itall w th reference
to th né 8 dffa %atm sl@sfgsectionad sdew,shqwing an example of an
escrib ich the substrate treatnent nethod

et EgrLH}IﬁbnﬂbeEstng IYEUENL i nvention is applied to
wot eFTOR1A 53 HOU BT SR neCh 0B dH B iR Hommation of the
I i DR B

ac%ﬁgqbqhg(gﬁ@wﬁqhv ﬁﬁgﬁahﬁﬁdl ncl udes a spin chuck 10

s a rotating an ing neans for hol di ng

and FOGi 26nisah |ﬂb\£f@ﬁé’&'§ﬁﬂ)\ﬁm"geﬂl p‘r@aeaﬁﬁeobf%h?rfon%tlon of the
(hereinafter, referred to as wafer W that is a
costihgt fdAtre imavd nigfthn emimchment of the substrate treatment method

according to the present invention.

Detailed Description of the Preferred Embodiment

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the accompanying drawings. A case
will be described now in which the substrate treatment method according to
the present invention is applied to the SOG film forming method for a
semiconductor wafer.

FIG. 1 is a schematic cross-sectional view showing a first embodiment
of a substrate treatment apparatus according to the present invention. The
substrate treatment apparatus includes a spin chuck 10 that is a rotating and
holding means for holding and horizontally rotating a semiconductor wafer

W (hereinafter, referred to as a wafer W) that is a substrate having an uneven
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11 surface, a heating neans 20 for heating the wafer
Wto a predeterm ned tenperature, a cooling neans 22
for cooling the wafer Wheated by the heating nmeans
20, a coating solution supply nozzle 30 for dropping
(suppl yi ng) an SOG sol ution, ;such as polysilazane that
is a coating solution 5 onto'the front surface of the
wafer W and, .a solvent supply nozzle 40 for

dr oppi ng (supplying) a solvent for the coating

suPfcet i0Reh )m%%n@n%gt i HSating | Woé,’rfeltSLWht@Sa rpr%letermined

di butyl etheP onto't ront surface he wafe

tethpRramrd, aNesklidf meal9UERdorncGoling 3¢ WATRPSRY HRhted by the
outer cup 51 capable of rising and | owering and- an

hearingr meanS20,and csutpiedsélatdnupply nb2zle? 3 afd dropping
rotation axis 11 passing through a bottom portion 53

(sopplytieg) aneSOCLpohRiom suchranpolysildanabthat (9 ar éeatigndolution
| ower. The notor 12 rotates at a predeterm ned nunber

ongp thet ronbsurfzasedf dhe avafert Wyl arsd.gnadlvienorsupply nozzle 40 for
controller 60 constituted by a control neans, for _

drepRiRg ESupplymg)r alsopraddesithg eoating schtion (ROGpas an etching

huck 10.is aJ so configured tog be able to_rise and
sofuhien. Biphuas dibuityl sthes e thedventarriiarohite Mol Whg

e BT B i e b B ot cup 1
o4 i, R 0, R B2 S PR o ot
208 gl ke LR A DI s o nner o

51385 th f & bY Lpid H6 4% %t'i‘ﬁcf | §Wef' %@Lﬁﬁgoa;ﬁ?e rotates at a

noved to the position above e spin chuc _
predéRimiesd hubesbrid oftaRshs baked ofiCAtbAG ol sidhdl From a controller
finished. Note that the carrier armis controlled by
6Q kensonited| byera 6dntrohembeens,i figr eRanple0 ai sew@aPPs6cessing unit
a hot plate incorporating a heater 20a disposed in a
(Okday.i n%har‘siplin zbucﬁddhise@llsommﬁguraddodme ableutd tisd @Adilower by
25 whi.ch the, spin chuck 10 and the cup 50 are .
MEARH ¢ ol NOmyhovah Feisingl and toweripgrmeans. adjhesspin ehuck 10 is

that ig a tenperature adjusting neans. The heating .
conr%lagurea fo receve 1 e wa erJ\L)J\? frorfql a carrier arm (not shown) being a

g

carrier unit moved to a position above the spin chuck 10, which is movable in
a horizontal X-Y direction and a vertical Z-direction and horizontally
rotatable, hold the wafer W thereon by suction, and pass the wafer W to the
carrier arm raised and moved to the position above the spin chuck 10 after a
later-described treatment for a coating film is finished. Note that the carrier
arm is controlled by the controller 60.

The heating means 20 is composed of a hot plate incorporating a
heater 20a disposed in a heating unit 200 located outside a coating unit 100 in
which the spin chuck 10 and the cup 50 are disposed, and connected to a

temperature adjuster 21 that is a temperature adjusting means. The heating
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12 means 20 is configured to be set a predeterm ned
tenperature, that is, a tenperature to adjust etching
conditions, for exanple, 150 C and a tenperature to
cure (bake) the coating film for exanple, 160C by the
tenperature adjuster 21 being control |l ed based on the
control signal fromthe 5 cdatroller 60. In this
case, the etching conditions can be appropriately
selected from the relation between the etching anmount

[ i [ [ For . ex l e en .
mEfSs 2871 Brlst i Bendes 'a?‘ﬁ%eqﬁ%s@%qaﬁgﬂ‘?ﬁ%r%nﬂiﬁ is, a
d' . . 1 e
tel Ry e PNGT SPRGRigRNDIbL TlatBI§ JILTE and a
, ot Chi
N s F?f??%#?‘;!?ﬁﬁn‘a‘éﬁﬂééc?%?t?%ﬁ%%l“%%é??ﬁ% by the
o & e bt a1 T AT B e DATNE ST oL MY from the
copvallextGn result, if the heating tine is |ong,
etching no | onger proceeds, whereas if the heating
t i me Inghishease, thoepthing qoerdiiiogs cenbeappivpridielyesdlecgd from
time is selected based on the evaluation result. For ]
thexghgpien heitwieea thestehiggt Amoust ad Hesting itisne (etching time).
[ is 120 , Wh
PO Reao, 6 PasOn R b 6Pt o luion (S0
t ghi t i bout .5 . The control of the
W BReRrSFbUtoRsE<, BUPBYRA) St CB e EoRGIR @§ theowafer W for
diti h heat.i t t .the
10F s W1 e G0t 0 g tioRbe SiRPuhe Shing Rapung(nm) and
' g t he, suppl o
thd OB TRy RS AP H a1 BBl of 150°C
waY e AEOM Nk AP ﬁfowrp‘?ﬁrq]@pS h&?g'&&aﬁ%@l tz)%gngan be seen
and the sol vent con(fl tions. e cool 1 ng neans IS

frexanties edaliatior qebing iPtRE ShdARY RRNBLISNEyiE, &Rhing no longer
cool ant pi pe 22a disposed in a cooling unit 300

riosspuntar i besagumis sbompeuytioins, Th
heating time 1s selected based on the evaluation result. For example, when a
heating time of 120 (sec) is selected, the etching amount is 120 (nm), whereas
when a heating time of 210 (sec) is selected, the etching amount is about 50
(nm).

The control of the etching amount can be conducted by the heating
conditions such as the heating temperature, the heating time and so on, by the
solvent conditions of the discharge amount (the drop amount, the supply
amount), the discharge time and so on of the solvent, or by a combination of
both the heating conditions and the solvent conditions.

The cooling means 22 is composed of a cooling plate incorporating a

coolant pipe 22a disposed in a cooling unit 300 located under the heating unit

200, and connected to a cooling temperature adjuster 23 that is a cooling
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13 tenperature adjusting neans. The cool i ng neans 22

is set to lower the tenperature of the wafer W heated

by the heating neans 20 to a predeterm ned

tenperature, for exanple, 23C by the cooling

tenperature adjuster 23 being control |l ed based on the

control signal fromthe contrél ler 5 60. Note that the

cool i ng means 22 may be provi ded beside the heating

means 20. A carry-in/out port 400 for the wafer VVig

. ) <] ; . £ bBG: 0]

te RS ERE, Al v e 55508 TRC csShitEnn R 2205 Sk a0 chyer the
tepeeperedogl eaedwifer W"Uhkﬁfecﬁggy ‘2%& hhéétiﬁ%‘bﬁféén@”‘bo to a

| owered by a not 10 shown rai si | oweri

pregeteaminsd tEtipdigtured foplexahoyie, B0 &y @l‘iéncoolin\%a temperature
controlled by the controller 60 can deli ver the fer

adysiet @8ebeingeconabiled baseid od0Be ¢drerblesignad frornt th208ontroller
and the cooling unit 300. On the other hand, the

60c oalNotey thet ubé aroddinginyearse 2Rengy be provided doeside the heating
coating solution supply source 32 via a coating '
megNsutPon supply pipe 31 15, provided with an
open/cl ose valve V | sides, the _solvent supp

nozzfeCauyr GPEEggte‘H)QE denwater Whis pratided as léﬁ}l/@lsidmOf each
o R B SRRSO 0 L SR N0 o
bep DA ERINE e Biiss SOF MBI 4 ik SpdrBweted by a not
st Eaiefie S T BHin g e hatlnn R A M Rnh Gaer arm
cohﬁ'H?Fer@Egrtﬁe dtr6H&BD &an 89&{:&1?@9&@@%%&9@@ the coating

along t coat1 ng sol ution supply pipe

un$ol §8NtheShiditivg DhRe2 Y and Be €O indusie3wol on suppl y
nozzle 30 and the solvent supply nozzle 40 are forned

to b®mbhe otleerbared, thy coming ebluriomwarsly nowsled0 is connected

mechani sm 70, to a position above a central position
to ¢f cofeng sohuden ctupply s0uacel 3Rovia amioating sudatibhosupply pipe 31

out side the cup 50. In this case, the nozzle noving
pragideshmath a0 eper/slaseevalyet Mg sBesidesnthaipplventcappdy nozzle
40395 disposed adjacent to the coating solution supply nozzle 30 and
connected to a solvent supply source 42 via a solvent solution supply pipe 41
provided with an open/close valve V2. Note that a temperature adjuster 80
that is a temperature adjusting means for adjusting the temperature of the
coating solution and the solvent to a predetermined temperature, for example,
20°C to 50°C is provided along the coating solution supply pipe 31 and the
solvent supply pipe 41. The coating solution supply nozzle 30 and the
solvent supply nozzle 40 are formed to be able to move, by means of a nozzle
moving mechanism 70, to a position above a central position of the spin

chuck 10 and to a waiting position outside the cup 50. In this case, the

nozzle moving mechanism 70 moves the coating solution supply nozzle 30
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14 and the solvent supply nozzle 40 to the position
above the central position of the spin chuck 10 and
to the waiting position outside the cup 50 based on
the control signal fromthe controller 60. Next, the
oper ati onal aspect of the substrate treat ment
apparatus 5 according to thd4 present invention
configured as descri bed above will be described with
reference to FIG 1, FIGS. 2A to 2C, FIGS. 3A to 3F,

arft'thd §6lveht 9*\%@?@7 hv\?ﬂ%"ﬁb kg thé ?Jo‘é t1(§1tl %ﬁbv@f Qldentlaan ! position of

unpr ocessed Is carried e coa
thé iARKueRr! 10/ ﬁfl&%ttﬁet\bﬁnﬁ{g goﬁlﬂﬂﬁko&&@é’ tﬁé‘%ug 50 based on the
-shown carrier arm carrier armt
ccfrﬂt'cblas}gﬁal froth tH@c@Htr@lleﬁ@l@ 51 rises. In this state,
t he open/cl ose valve V1 provided al ong the coating
sol utNext, sthgplopepatienall aspecpusinelte basstrare trégtment apparatus
control signal fromthe controller 60, and the notor
acrerdisig toetheppresentidivention donﬂgnred]’ iss desdribed tdtove will be
coating solution to be dro supplied) fromthe
d%@@heﬂgwé@mﬁmwwmnbzgfﬁ% Mte @G, HeElGBoBA th3F, and the
sur ace of the wafer Wrotating wth the.rotation of
ﬂ?W@%l%h%é‘P{%%’ shown in FIG3A to forma

DL S R TGt ¢t i
SN G R AR, P ol . e
i Sy PR, PR L On SR B LT s s, e
oA A5 BRESELECIBAG 8 SliEn A p A e 1 s

optaieddbiderl BAahENDMPANSighl] Hin theatdiido U&d BOZQHd the motor 12
Based on the control si gnal fromthe controller 60,

oft biee spenpelmatlurld ddj diven. 2 Thipesldvws the caasigigt B6lution to be
emperature of the heater 20a of 25 the heating neans

drgppled (stppliedhifysine, the 3@ating $elationhsuppiyenoxxle @0 ento the front
ating tinme selected in advance from FIG 5 to adj ust

'sqr eePEHNAgWataTdW itetating with the rotation of the spin chuck 10 as

shown in FIG. 3A to form a coating film T of the coating solution with a level
difference H on the front surface of the wafer W (see FIG. 2A) {first coating
step: step S4-1}. After the formation of the coating film, the open/close
valve V1 is closed based on the control signal from the controller 60 and the
motor 12 is stopped.

- Next, the carrier arm receives the wafer W on the spin chuck 10 and
delivers the wafer W onto the hot plate 20 being the heating means in the
heating unit 200. Based on the control signal from the controller 60, the
temperature adjuster 21 operates to raise the temperature of the heater 20a of
the heating means 20 to, for example, 150°C to heat the wafer W for a

heating time selected in advance from FIG. 5 to adjust the etching condition.
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15 This evaporates a part of liquid in the coating
filmT to slightly decrease the |level difference in
the coating filmT as shown in FIG 3B {first drying
step: step S4-21. Next, the carrier armreceives the
wafer Won the hot plate 20 E d 5 delivers the wafer
Wonto the cooling plate 22 ing the cooling neans in
the cooling unit 300. Based on the control signa
fromthe controller 60, the cooling tenperature

THadiegpdtatés aogﬁftaéieﬁ ghRd #khé *&%aﬁﬁgpﬁ?gt?rts m%httﬂﬁ%%ease the

cool ant of the cooling neans r exa

level didf@entden tthen@ading Aldf T dshshovehgh IWGOBE:”ﬁeI%? drying step:
shown in FIG 3C {cooling step: step S4-3

stegn84e2f.ri er armreceives the wafer Won the cool i ng
plate 22 and delivers the wafer Wto the spin chuck
10 i iNexte theatarrigr wnint rdddiveBdbedvafer Wierc tnd hok plate 20 and
signal fromthe controller 60, the solvent supply
deliyess theywater NV omte éke cookingplate 37 beingdhe imeodmngtmaans in the
he wafer W .the open/cl ose valve

c :1)1:5{&' gg&oéﬁ) ng Basedsenihst C@m@sp yignalefrom ﬂbecqmﬁecdler 60, the
copfing GmRRteti At rEA? PBCRRTIoBBLte (esupgiRrs) of thenpoolant
of g 3‘%?% mEgoeh fo'ef#'fl%n DG terioster; fhe Ggnperature of
thg%‘fé B0 BB ERC SRR SFP: L%eeqﬁéﬁ e

Né)&r tﬁ@ﬁaﬂr}‘é%td'i'grm%?ez%l@%ﬂ;@wgfésﬂ\i % H! é’oe(ﬁh%fyﬂﬁe 22 and

solvent {etching en out

deliReretieivadet VE2b 'IH@ts 11?%ﬁﬁgkq'@) fr?ﬁré:%éﬁﬂé %296 Based on

fromthe controller t he open ose va

thelcoseebl sibhhk fidia tﬁ@aécbﬁtgoﬂ@ﬂ 601 e s%wawsdm;rl foAMe 40 then
noves agaln to the position above the central portion

m@f'es hea pesiton\wbdve the serstralt portidie ofthe/vehfes Wy ahe/ @pen/close

I S opened based on the 25 control signal fromthe
Vaé\m rbprevided, along theasolventssunply @ipe# disppened, and the motor
120[#J 6ﬁ|§ @?%1 rc{h&f rPSl],B]? Jeﬁg Iz?itvlernlg S"[Qllul;telll?onwgu%%l golgglzﬁz Itc(>e b3eo dropped
(supplied) from the solvent supply nozzle 40 onto the front surface of the
wafer W rotating with the rotation of the spin chuck 10 as shown in FIG 3D
to isotropically etch the coating film T (see FIG. 2B) {etching step: step S4-
4}.  After the isotropic etching with the solvent, the solvent (etching
solution) is shaken out.

After the etching treatment, based on the control signal from the
controller 60, the open/close valve V2 is closed, while the coating solution
supply nozzle 30 moves again to the position above the central portion of the
wafer W. In this state, the open/close valve V1 is opened based on the
control signal from the controller 60, the coating solution is dropped

(supplied) from the coating solution supply nozzle 30 onto the front surface
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16 of the wafer Wrotating with the rotation of the
spin chuck 10 as shown in FIG3E to forma
substantially flat coating filmT with a small | evel
difference h within an all owabl e range on the front
surface of the wafer W (see gIG 2C) {second coating
step: step S4-5}. 5 After thé coating filmis forned
as descri bed above, based on the control signal from
the controller 60, the open/close valve VI is closed,

ofaRd whfe Wotefatihd Kt HRPREELtioH®f Er%iﬁg @HdEé(t H8Mas shown in
C 0 an

receives the wafer Won the spin chu

FIGel3Rets fohm wafsabsidhenily tihe Rehtipbatf@n?Or (Wadt iangmall level

nmeans) in the heating unit 200. Based on the control

diffexpmake i roithirhancalbidwableerarfige ohOthd érdre e faieUb the wafer W
adj uster 21 operates to raise the tenperature of the

(Sdméll@ﬂ@))ésetl(md coatieg atap:stedl 8@cS§o heat the wafer W
to thereby cure (bake) the coating filmas shown in
FIG @Fﬁf{fsé&ﬁ@aﬂngi fifms e formedpasalestribadt abovdyebased on the
curin in treatnment of the coating film.T is

COBEIP:‘ é?&éagaéaglgﬁ&‘s(é@mi@ emﬁ%é,hetqrtermk%ﬁ valpe M1 iis closed, and
| ower e nd the i n.chuck.10 is .15 raised to pass

the RSREHS TstopheRt CHie FafTiah ATRHICR TRovDES o Water W on the

i LA e CR.
i HERCIEF P20 o= L6 RSB e gt o
g eigtd R 3 GRBRRTR, ASRE RS SHRLILAVOE e 20

to,cfoe leixaghisiee P60 IDetchedti the whrl W tl'?éi"&lgg @a\ggglééllg% dthlencoating

step, and the second drying step has be
filtnhes sleberdndfit@ BFmgsdcorid@nanganepcaapismest ep and the
second drying step may be repeatedly performed in
or deAftey tXl@rQurmg (balriag) éradtment \of] thdi ddatimenfitmi T is eeformed
coating filmT. Mre specifically, as shown in FIG 6, _
as tdescrivedt abevg,i the 8tert ewp (3t ap [86vergd andd the rsptin chuck 10 is
drying ste ste -2), the first coaling step (step .
raigpd gy?pq&ﬁeﬁ@( mfggigt’gbt}e%tc@glgeamp wieh svewas to the position
ab§9&th& gpﬁ{ gﬁuélg tl%? s§6t_hg.% the Iav%fer W is carried out by the carrier arm
from the substrate treatment apparatus.

While a case in which a flat coating film is formed on the front
surface of the wafer W with projections and depressions through the first
coating step, the first drying step, the cooling step, the etching step, the
second coating step, and the second drying step has been described in the
above embodiment, the second coating step and the second drying step may
be repeatedly performed in order to further decrease the level difference in
the coating film T. More specifically, as shown in FIG. 6, the first coating
step (step S6-1), the first drying step (step S6-2), the first cooling step (step

S6-3), the etching step (step S6-4), the second coating step (step S6-5), the
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17 second drying step (step S6-6), and the second
cooling step (step S6-7) are performed as in the
first enmbodinment to forma coating filmT with a |evel
difference h smaller than the level difference Hin
the initial coating filmT, 5 shown in FIG 7C, and
thereafter the second coating step for the second tine
5 (step S6-8) and the second drying step for the
second tinme (step S6-9) may be performed. This

SR S{oR 1STRbLON i I, Jo it BhARKELRRfep S6-7) are
perfaimédas! ievele dirdtf @nbodement &ofwa-cdeﬁir@t i qf “tit}? a level

second enbodi nent, the first coating step irs

diffeyérmee ktsemalldrithahithe leveladiffegentep i tiee Riidhl 66ahghilm T, as
the second coating step, 10 the second drying step,

shaweh imdI6e déhchmbtidragttst dpe segord coatirgtseeld Yor the second time
erformed a plurality of times. For exanple, as shown
(stpap $6<8) ad threes¢danst dryingtstery fert the § tSthel(step S6F9 Gmay be
9A), the first drying step (step S8-2), the first )
pegiymed stldps @@ﬁwss%ag)the oeatiagchlmg Kesp stanked @8d 4 coating

15T s iy el oS Wam PR A SR et 2 Formed.
conodf e T RghFE /85 W, Seb e
o S A TRl B L sl BhES5% fing st
thrgheéI a4 i e:t%fé,é%dcﬂ?éi Sﬁ‘ae obfihgt BRpS6Hs "bd | BBeatedl
%s?ée(gﬁ@-e(gy réy perf orme 20 ?ormg QoK | n%’f #ﬁ y
peMfdrinéd 'aejgﬁlraﬁbt fofTEMES. h%o%g%kdé:tﬁﬁlé hanstd%n! BYETG2Q, the first

difference hl ('see FIG 9D), el the I'rst drying
coatitlg @b (diepSSBANGebi PEG. 9ANERhSTHR) dr%ﬁ% Egerpsgsﬁcgp S8-2), the

cooling step for the second tinme (step S8-710),
first clootimg stepp(step S&8)stmoatthingestést(etepS8844,, sexe €16l GB), the

9E), the second coating step for the second tine
secend c@ain ptepalrdiep H8-5,cthedsetarich grgingpstepr (stépe S8-6), and the

second time (step S8-13) may be perfornmed. This ) '
segABdreeolingistemestep 87y areiparfarmed agsnstheckisst embodiment to
folR 8PatiRgntiThd. Nefal & devebibechis i soillar flas the level
diﬁle(rBer?ch H in the initial coating film T, as shown in FIG. 9C, and thereafter
the first coating step for the second time (step S8-8) may be performed to
form a coating film T with a level difference h2 smaller than the level
difference hl (see FIG 9D), and then the first drying step for the second time
(step S8-9), the first cooling step for the second time (step $8-10), the etching
step for the second time (step S8-11, see FIG. 9E), the second coating step for
the second time (step S8-12), and the second drying step for the second time
(step S8-13) may be performed. This ensures that the coating films T are
stacked and a coating film T with a level difference h3 further smaller than

the level difference h2 is formed (see FIG. 9F).
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18 Note that while a case in which the heating neans
20 is disposed in the heating unit 200 outside the
coating unit 100 has been described in the
above-descri bed enbodi nents, the heating neans may be
conposed of a heater 20a enbgdded in the spin chuck
10 as shown in FIG 10. Notelfhat in 5 FIG 10, ot her
portions are the sanme as those shown in FIG 1, and
therefore the sane nunbers are given to those sane

por t inggR HatQWhile '8hde ASSFRIRL ﬂh%nheatﬁ?e%qgésjérg%g2bCistJlgposed in

substrate treatnment apparatus configur SCri be

theliesRing usRa2 00 GHuftside AR0cbaihgruTRE 100 hBE bRhCEcARd in the
follows. Na I G 11

mely, as shown I n , an unprocesse

abtafeededdtitfed @imbediménite, tHO HRirmpin&thPhtayedd \@ndsbsed of a
to the spin chuck 10 by a not-shown carrier arm The

heater 2@a earbaddedninr thier sihchuekd] 0 e shotar irc BPG500r | doste that in
In this state, the open/close valve VI provided al ong
FliGhel & cathengostbns iave theppie ps phosd shewnopefiéd. baard therefore
on the control signal fromthe controller 60, and the
thewagre ngmbers arggigmtathase same podionstn ot theit Heseription.
the cpating solutipn to be 15 dropped (supplied) from
the COEEQTEANE ot itgﬁ SUpsirgterolfgRENENt oApPANAkEs f eomfigured as

GRHE DB A BICORGES TSR OF AOTTeS 07 the,wates W 4 follows,
i 11 Vel HegiRiwh ke Lorars BabiceSast v B Wi Garied into
(AR 0 4 [ v ol s b Py o, B\ - s Caffer arm.
TR S BT R e,
opevitIdek wdlgBal 1f priiHBE A6nkb! Gle! 86athls softion supply pipe 31 is

tenperature adjuster 21 operates to raise the
opezredebadad en ahetdmnthelasighaPl Grom ke npmrdléat 60gangahs motor 12

to, for exanple, 150C to heat the wafer Wfor a 25
ofhé&ae i spyn t ¢huecks €l e as edriven ad s eallows tHeGebatingasplusion to be
drhggﬁgkgaggﬁhéf %Igi{’l: tcl‘)ig ' ddal-trimgﬁ'scvel\é?igl(r)lir S;;pslyaltrguazflfe ég)faomﬂmethe front
surface of the wafer W rotating with the rotation of the spin chuck 10 as
shown in FIG. 11A to form a coating film T of the coating solution with a
level difference H on the front surface of the wafer W (see FIG. 2A) {first
coating step}. .

After the formation of the coating film, the open/close valve V1 is
closed based on the control signal from the controller 60 and the motor 12 is
stopped. Next, based on the control signal from the controller 60, the
temperature adjuster 21 operates to raise the temperature of the heater 20a
being a heating means to, for example, 150°C to heat the wafer W for a

heating time selected in advance from FIG. 5 to adjust the etching condition.

This evaporates a part of liquid in the coating film T to slightly decrease the
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19 level difference in the coating filmT as shown in
FIG 11 B {first drying step). After the first drying
step, the wafer Wis cooled to, for exanple, 23C
{first cooling step}. Based on the control signa
fromthe controller 60, the iglvent supply 5 nozzle
40 then noves to a position ove the central portion
of the wafer W the open/cl ose val ve V2 provi ded

al ong the solvent supply pipe 41 is opened, and the

le V@t @ifferendd if fee éBhﬁn%*}Hﬁi(Tle étg?\f&feﬂ' LG, T éﬁggﬁé\g@g?g step}.

the solvent to be dropped (sup fromt

Aﬁelpﬂieyﬁmzch*yﬁ?n%@té;ﬂttﬁehh@fefrfw% csaleliape fof ekilﬁpY%fZ?:C {first

Wrotating wwth the. rotation of the spin chuck 1
coblingtsiep}in FIG 11C to isotropically etch the coating
filmT (see FIG 2B) {etching step |I. After the
et chiBagedramthenontrodsaghai frometheooontebllet §0athd soivent supply
the controller 60, the open/close valve V2 is closed,
nogile 40tthen guavesgo sopesition abaymihe neatrakpottiomoéshe wafer W,
again to the posjtion above the central portion of the
thq%p@ﬁfcelpsw al‘?ﬁ Vi rostidee aleme the sahwns saipply pépess 1iis opened,

e AR P e S Lo e Bt th solvent 1o
e BB bR BB S S b B BBt 9 b e fom
i 5 04 048 50 U S i o AR 10 o
3B falrcs] | 0 St aBraly Waiee il ¥ohl 9 1600%1G 2p)

{ef@ififgdepating step}. After the coating filmis
forned as descri bed above, based on the control

si gna{ftér elie tehianttredthRintSGastdeoRPERY ebAtd] VakM8l Wom the
is closed, and the notor 12 is stopped. Based on the

cootnalles| 6 headpénehoschwabenMdis etosi@, whilehbe coating solution
tenperature adjuster 21 then operates to raise the

supphpapazigr0 srovyercagariadoectheasesition shovesstenpéndralig@@on of the
wzgt%r h\‘iﬁt ltnh(tehi\g’a fst%rte,V\{ﬁeo otpgg;c(elgge Cyglse({)/aik(ies) opened based on the
control signal from the controller 60, the coating solution is dropped
(supplied) from the coating solution supply nozzle 30 onto the front surface
of the wafer W rotating with the rotation of the spin chuck 10 as shown in
FIG 11D to form a substantially flat coating film T with a small level
difference h within an allowable range on the front surface of the wafer W
(see FIG. 2C) {second coating step}. |

After the coating film is formed as described above, based on the
control signal from the controller 60, the open/close valve V1 is closed, and
the motor 12 is stopped. Based on the control signal from the controller 60,
the temperature adjuster 21 then operates to raise the témperature of the

heater 20a to, for example, 160°C to heat the wafer W to thereby cure (bake)
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20 the coating filmas shown in FIG 11 E {second
drying step } . After the curing (baking) treatnent of
the coating filmT is perforned as described above,
the outer cup 51 is |lowered and the spin chuck 10 is
rai sed to pass the wafer VVththe carrier arm which
noves to the position 5 abovéYthe spin chuck 10, so
that the wafer Wis carried out by the carrier arm
fromthe substrate treatnent apparatus. While a case

thé eowﬁhgfﬁ@n Bk ahotatd poaGe | % LE“ ﬂsgjcg{g?:'ﬂ?ﬂsrfg; %,5? front

surfaceé of the wafer Wwi

depr egfseronfe EliapqBaklify)f tréftmerast iHeOc &ithil AT ik éfetrformed
drying step, the first Cooling step, the etchlng st

astdesctibegleabode cdas iongerstap, Sand Idveerzec and tﬁéyqﬂﬁ gheek 10 is
has been descrlbed in the above enbodi ment,

raised ciodpassathe gvafee pWatal thé ecasveieo rend which ﬁio&’l&s nt@y thé@osition
repeatedly perfornmed in order to further decrease the

abpwgdhe ¢pin ehuekel 0,150 that theavafiey Wiisrafriad dut byhthe carrier arm
abo scription. Alternatively, the first coating

fropdpe Spgétrﬁter geagnonihgprarapis-t he first cooling step,

lggo%ﬁﬂw?n@@?&b WE@S hlad et dOfh g GirEpdrgn the front
suftbet “Fh B alren Stk wiBeiads gt 3@%55?5%@@@@ the first
cofifl th Hse BRCUBiSED teChrTg OB frh bt ditfing step. the
R i S S
ab%% LgmBBdﬁHSHt %ﬁe@é@bﬁﬂ%dﬁt}r{ﬁ gﬁi %d%ﬁbf%kbféﬁw step may

the like, or an al'kaline so such as

bet fepehtddly GeerfBamEd ad. oftRReA fNGhen debfeaze Nkt 1eQR$ cﬁfference in
the filmthickness and so on of SOGin the present

the maatingrfilmieXt asaim ehampbevef descsigifdn.at Alproatsely)gthe first
stem empl oying a_ 25 substrate treatnent aﬁpar at us
Coéépgtﬁlt@p,othet 13t dising wsemothei firstraoaling stepydhe etching step, the
solutions will bhe descrjbed. .
second coating step, the second drying step, and the second cooling step may
be repeatedly performed a plurality of times.

While a'case in which the etching solution for etching the coating
film is a solvent for SOG, such as dibutyl ether has been descri.bed, etching
solutions other than the solvent for SOG, for eXample, a hydrofluoric acid
solution such as HF, BHF or the like, an acid solution such as hydrochloric
acid, sulfuric acid or the like, or an alkaline solution such as NaOH, KOH or
the like can be used depending on the conditions of the film thickness and so
on of SOG in the present invention.

Next, an example of a substrate processing system employing a
substrate treatment apparatus capable of treatment using different etching

solutions will _be described.



10

20

25

21 The primary part of the substrate processing
systemis conposed of, as shown in FIG 12A, a cassette
station 1 which functions as a carry-in portion and a
carry-out portion for carrying-in/out a plurality of,
for exanple, 25 wafers VVpe% waf er cassette C as a
unit fromto the outside to/ftomthe 5 system and
carrying-in/out the wafers Wfromto the wafer
cassette . C, a processing station 2 for performng

for 'TEFHeOﬁriﬁ{ar? eﬁ&mgtdfn@lef $BBtrate §irolb8dng L RA HERL cc\%}ﬂgosed of,

the like on t fer W and an i nterfate”station

asPstosdeih FIEL VA, hheasrezebiation at WHicB ARRLII® as a carry-in
processing station 2 for transferring the wafer W 10

poftienianided tany-steponion fos canying in/ett ausluraint of afor example,
shown in FIG 12A, a plurality of, for exanple, upto

25f wafersaWe pec agsfert aasseitar€@ amanirdt foom#o thees satdide to/from the
mounting table 1 a in a line along a horizontal

systemn r@s? icarryinghning the speiers W %mrefmpthet swateri empsette C; a
toward the praocessing_ station 2, and a, pair of .

ProGessig Station 2 \ax aerfsmmggmm@h qfsa fnading film 4, etching

cassette-arrangenent, 15 di.regtion, (an.X-directian) and .
treFfmentangt the P REQOAHE WARIC oANG AN ferace: atign 3 provided

oused; in_th fer cassette C (a Z-directign), .
bef{ PR TR Cetilia olonst AR b nrorfstag sitfome Y gnsterring the
wdBsspttes. The pair of tweezers 4 for wafer carriage

I'S” configured to be rotatable in a 6 -direction and

con SO A e A1 10 OB BT, 12,
o GRERISNof 3 BTl B 2 Gy 8P SREREPESSE Houod on

caSE mduritidz tABIA 14 ¥R a tigrt hllwgugiﬁo%ié&%l @{L@iﬂe@f@i%n with the

each for forning a coating filmof SOG on the wafer
refjedtivecevafer pong facing toonpdsthd plocassiyigr sthtioar 2 caadid pair of

solution etching unit 600A, an acid solution etching
tweeizerscdofr waferanamidgd,i whidb isahovable &1 ehcagpetier-arrangement

.600C, the_first unjt gr_oup Gl disposed on the
diraetieny cage X-dirgetion) and| inea wafenarmngessyitrdirection of the wafers

seco nit group G2 djspose ) ) )

whoused' {jn the wafer cgssette (% i-ddlrectlon), performs selective carriage
for each of the wafer cassettes. The pair of tweezers 4 for wafer carriage is
configured to be rotatable in a 0 -direction and can deliver the wafer W to a
later-described transfer unit (TRS1, TRS2) included in a multi-tired unit
section in a first unit group G1 on the processing station 2 side.

The processing station 2 comprises, as shown in FIG. 12A, two
coating units 100A and 100B each for forming a coating film of SOG on the
wafer W, three etching units composed of a hydrofluoric acid solution
etching unit 600A, an acid solution etching unit 600B, and an alkaline

solution etching unit 600C, the first unit group G1 disposed on the interface

~ station 3 side in the processing station 2, a second unit group G2 disposed
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22 alnost at central portion in the processing
station 2, a first carrier arm5A disposed between
the coating units 100A and 100B, the first unit group
Gl, the second unit group &, and a | ater-described
buffer unit 700 to deliver the wafer Wbetween the
coating units 100A and 100B,2%3he first unit group Gl,
5 the second unit group &, and the buffer unit 700,
and a second carrier unit 5B disposed between the

B e L ST 0B £ 3080 m 5
808 SO ALY AL 608 AR BB oo 1,
thé1 SSC(BHCF h‘ﬁfﬁ %&?{dgﬁ(ﬂ%}'c dsé’lléﬂsi'—‘al'éggrgg@ﬂ %ﬁy ini® %90 td BEliver the

acid so I'ng unit he al kal 1 ne

waet Wi etwalenNihedc ddting 809G 1008 shd U@Y)E,gtﬁetbgf%ﬁiniy Brbup Gl,

700 is formed to be able to house a plur

thavgtesnd Whih gf Qi G2 Narid ¢hé ibugferumit 20 Whd3d se@dnditer unit
in FIG 12B, a first to a fourth heating unit (HP 1 to '

SB-Riipposde Hétmmtenante ssexmmd turdosgryupirGls theRBydrofluoric acid
TRS2), 15 and a first and a second cooling unit (CCL '
solyti@@D2¢hiange ugita6WOA,i theoaded soiwtion t etehimpearnisi GROB and the

the lower side. |n the second unit group &, as shown
alkaling coluton setching unit H0QEvintdeliveat they wafer Wormtween the
HP7), a third and a fourth transfer unit (TRS3, .
Seqw&)ll,mbgao%p @21 thea mgréoffww wcsgépfu{goxm tehipgoumit 600A, the
4) are stacked.j 0 order fromthe upper sjde to,
acithgolgiiur e aee it 599@@@&3&%&@8@&0&}1 gncstehiig unit 600C.
canfi ed, as- desgri-bed. above, .the, first and secon .
NgoiR b le a0 0 o8 Hrd Bohei HhIRLls BOREE o Burality of
w&t‘ér§bfth&%ﬂ%i ng unit 100 in the first enbodi nent, and
efore th

ther eir description will be omtted here.

Furt rﬂﬁrthetﬁﬁtfdr{i_§tgerPSGY?'ﬁts @t HAIFLR! § SBHR FirdtOto a fourth
HP7 and 25 the first to fourth cooling units CO.L1 to

heSBRggtt B, S he e L)) e ANaNCTRS), RS,
andrbfidstreard a second cooling unit (COL1, COL2) are stacked in order from
the upper side to the lower side.

In the second unit group G2, as shown in FIG 12C, a fifth to a
sev’enth_ heating unit (HPS to HP7), a third and a fourth transfer unit (TRS3,
TRS4), and a third and a fourth cooling unit (COL3, COL4) are stackéd in
order from the upper side to the lower side.

In the substrate processing system configured as described above, the
first and second coating units 100A and 100B are configured similarly to the
coating unit 100 in the first embodiment, and therefore their description will
be omitted here. Further, the first to seventh heating units HP1 to HP7 and
the first to fourth cooling units COL1 to COL 4 are also configured similarly

to the heating unit 200 and the cooling unit 300 in the first embodiment,
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23 respectively. On the other hand, the hydrofluoric
acid solution etching unit 600A, the acid solution
etching unit 600B, and the al kaline solution etching
unit 600C are simlarly configured except that those
etching solutions are 5 different from each other.
Herei nafter, the hydrofl uori 3acid solution et chi ng
unit 600A will be described as a representative. The
hydrof l uoric acid solution etching unit 6OOAk ]
i.$3es, as shown in FIG 13, a spin chuck 10A that
reﬁ%ﬂ%ﬁ% ‘ating and hol ding neans for holding and

. I i . g ti
copp 18 AR QIR A ke L soon,

théWi@Tsoltio @ehthge it 6O0H, Natd itﬁ?tz{tlgaﬁhé rﬂ'(ﬂﬁg\?n etching unit

solution onto the front surface o e wafer

600k adtien Gig@laly osorsli@ied S@ebe thdtOthosRRENINGY dlutions are
cl eani ng sol uti-on for suppressing (stopping) the

differdntndrorhoreachx atipdre, ploreinsfte; Grt hydieflvetier 28d solution
and a drying gas supply nozzle 8 for supplying '

etqhjipgtumyPpOaAdwyll oy dessritfedr asea aeptesentativiet r ogen ( N2)
gas or clean air 15 to the wafer W The spin chuck
10A ilhenzydredluariaacidsadononmtpbingiunit 600 Agbmpreses, as shown
. bl f risi d. | i v d i cu ]
in $38. TRt 05 0625 384 ok o olcing
A [ th bat t L 53A of the inner
anéfltp i}y Fotaing Ehé waler 5 & %Eplfgﬂgéogﬁaoo n suply nagzle 6 for
arfBoie (iPrbeiriad hoar b <eid sRLIAR Gt 1 Bt bingspolution
[ 7 Th I 0 ek 10A Js
onf? 38 BlntrstuachOOt SR wRR B, Cebnd s B! haarle 7 for
SRSk, ACHAGn oLGURLL EApIp A5 iflhine, o
exbfiplé] pate Gaitel Bht@ ke WafbeiWJaAd GAlrYiak m%dﬂcﬁuﬁmy%iﬂe 8 for
i

a position above 25 the spin chuck 10A, I's™
supplahp €jéthing ) rodiyiagtgds, foi¥edampde) @ﬁniﬁb%gﬁt gNtﬁE ik @&l clean air

Z-direction and horizontally rotatabl e, I e waf er

to the meafen Wby

The spin chuck 10A is housed in a cup 50A composed of an outer cup
51A capable of rising and lowering and an inner cup 52A, and coupled to a
motor 12A via a rotation axis 11A passing through a bottom portion 53A of
the inner cup 52A in a manner to be able to rise and lower. The motor 12A
rotates at a predetermined number of rotations based on a control signal from
a controller 60A that is a control means. The spin chuck 10A is also
configured to be able to rise and lower by means of a not-shown raising and
lowering means. The spin chuck 10A is configured to receive the wafer W
from the first carrier arm 5A being a carrier unit moved to a position above

the spin chuck 10A, which is movable in a horizontal X-Y direction and a

vertical Z-direction and horizontally rotatable, hold the wafer W thereon by
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24 suction, and pass the wafer Wto the first carrier

arm 5A rai sed and noved to the position above the

spin chuck 10A after a later-described coating film

treatment is finished. Note that the first carrier arm

5A and the second carrier arm5B are controlled by

the controller 60A. 5 The et@ﬁing supply nozzle 6 is

connected via an etching solution supply pipe 6a to a

hydrof luoric acid solution tank 6b storing an etching
sueflbH! hAA ¥ dhetARE W RC{HE ﬁ?éttgif:ﬁ@} alfes Al r?iigetqealgd moved to

et ching solution supply source. e cleani ng sol tution

thé Yiditlonogzdwe thé Spi@uIREked oW %ﬂ%rpé“lEteY‘@fe%EriBtng&é(ating film

pipe 7a to a pure water tank 7b storing pure water
trdataicent sisafiali g, NdNeed tha©had OfifdtPOArY ey OfrE ©5 AS 8Ad ahw0 second
for a diluted hydrofluoric acid solution. In this
catmsearmtIR ae¢ controlled byt thencengrpllyr pOPe 6a i s provi ded
with a punp P 1, a flowrate control valve FVl1, and a
swi t diiengtetainge sipplyr aoztle hysiraiineetéd vigi zh etching solution
solution tank 6b side. Further, the pure water supply
supphe pipeiGa foowihgatrofinoric acilirspl@ionrdnk 6bastorimpean etching
ontrol valye FV2 fromthe pure water tank 15 7b side,
sofH#on (hy dredingrip ec it solutioanithat fs the etabingsalntionysupply source.

he.flow, rate control alve FV2 is connected to

f .
-Tlf%efeé%l@%ﬁphglfawwp NOTALL f/| BnCORBREEE dHerdpuyaiwater supply

PIER, T2 AU 3 67 SR I HOF R PHFe AR 194117 gncleaning Solution

B4 T B AR b, oo
BB 550 s O YL P o
cof@d] sealtBatvoasgsy on s%Ji&}ﬁﬁgt {8lves t%";gitrgﬁ SP(% ior%réﬂémric acid

stored in the controller 60A the

sohuien itank a6Y wsded Byrthie, fﬁ@gu&@t@ate@odﬂﬁﬂ# pi?'eVﬁa F¥Ylprovided
and the pure water adjusted by the flowrate control

wivlalavpumipVP2camd heflowxende toontidlavaive My arfbhuthid pusehter tank
Thesiei AQdsbratiainp quep i orangbir fom aho wedendanyt Kide of the flow
ratteeggr?trrgi lﬂ/ra?ve FV2 is connected to the switching valve CV. The flow
rate control valve FV1, the flow rate control valve FV2 and the switching
valve CV constitute a concentration adjusting means 90 for the hydrofluoric
acid solution. More specifically, the flow rate control valve FV1, the flow
rate control valve FV2 and the switching valve CV are controlled by the
controller 60A so that based on the control signal previously stored in the
controller 60A, the hydrofluoric acid solution adjusted by the flow rate
control valve FV1 and the pure water adjusted by the flow rate control valve
FV2 can be mixed to obtain a hydrofluoric acid solution with a

predetermined concentration.

The etching solution supply pipe 6a is provided with a temperature
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25 adjuster 80 that is a tenperature control neans
for adjusting the tenperature of the etching solution
to a predeterm ned tenperature, for exanple, 20C to
50C. The tenperature adjuster 80 is controlled by the
control signal from the congéoller 60A to adjust the
tenperature of the etching so6fution to a 5
predeterm ned tenperature, for exanple, 20C to 50C
depending on the conditions of the filmthickness and

RSy SO bl §AReREatl Relragl Rt 100 B GH B erpperature
of@hé’\é‘té’rﬁﬁ V!dlﬁtléﬁ tha?Efédé%é?mYﬁéd’?enYé etafufe %we&angﬁé 20C to

supply s urce xanple, a. N2 gas supply sour

5088, Ihd h@n?éfdthﬁg adpldtet 80 i%U(EtﬁitYolfl‘@d Hyetfﬁ: éﬁﬁtrbl‘%lgnal from

cl eaning solution supply nozzle 7 are cConfigured

théd eonlvtdl]dro 601V €o bydjieenhe Ofendpétaniiee offhien @tchﬁﬁ% h%lhﬁ@h to a
70A to a position above a central position of the spin

predetekmined tempdrature, \far teixagnplesi20°@n touﬁél(aedepmdmg on the
50A. The drying gas supply nozzle 8 is also
condrionfuotthe filmehs ss@mbse ohyofitharwavingafitmzE| e
nmovi ng 15 nechanism 70B to a position above a central
posi ti ndraﬂngt&asSwpp yheazle dnis apanected viaia dnglng gas supply
0|t|on e the cup, 50A. Note that the drying gas
plﬁ%gmfow 81 g 99%1&/@1@& valvacY3 hec dayisgosas supely) source,
the N2 romthe center g the wafer toward the
fo’b%’?‘?‘rﬁﬂé‘?& %%%Ssmltyﬁéwm@ﬁ drying gas supply

scaniisc PREE oses I Tl dad M Kiea e hufon supply
no%@fee ?ﬁ’et %ﬁ‘ﬁg;ﬁ?éd e Tais) G tbhﬁlo%r!}g;kﬁ@i S #&g trﬁ:&zﬁzle moving

case, the nozzl e novi ng mechani sns

médIRingém T OW tosPbBkitRth 8HEPE Y &@ﬁ%&lep&slﬁaﬁ SPEhL lsﬁﬁmurﬂ@ck 10A
sol ution supply nozzle 7, and the 'drying gas supply

andotz | eaitmg ipmsnmmtmlmsubémhe tiye 3CAL r aTheadryingnegsf supply
the spin chuck 1 OA and to the waiting positions
nogaltes8 de alse confighoed tadmdable tchmovasbyaneans of iagnatzle moving

fromthe controller, 60A, respectively. Note that the
m%?&a@lm 0B e xperitinn ahpve goomtizsalop@sitioal ®Btherspin chuck 10A

‘?1 10" waltmg position outside the cup S0A. Note that the drying gas
supply nozzle 8 is preferably inclined to supply (jet) the N2 gas from the
center of the wafer toward the peripheral side. Further, the drying gas
supply nozzle 8 preferably supplies (jets) the N2 gas while scanning from a
position above the center of the wafer W to a position above the periphery.
In this case, the nozzle moving mechanisms 70A and 70B move the etching
solution supply nozzle 6 and the cleaning solution supply nozzle 7, and the
drying gas supply nozzle 8 to the position above the central position of the
spin chuck 10A and to the waiting positions outside the cup 50A based on the

control signal from the controller 60A, respectively.

Note that the acid solution etching unit 600B and the alkaline solution
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26 etching unit 600C are configured simlarly to the
hydrofluoric acid solution etching unit 600A except
that those etching solutions are different, that is,
the etching solution tank connected to the etching
sol ution supply nozzle 6 is ﬁ? acid solution tank or
an al kaline solution tank in“teplace of the
hydrofluoric 5 acid solution tank 6b. Next, a nethod
of formng the coating filmT in the substrate

s L e R e

etﬁﬁg ub3t 6604 é)lit%n‘;ﬁ%ﬁﬁt ﬂfos%téi?ﬂxg% ﬂlpgioinﬁearécdii‘f%%ntf, at is, the

e coating fi 10 First o e cassette

etcHiagisolutlon tthek R¥nneeted W eR@ fching WolWBOA 'suppdy Mo2dR: 6 is an
accesses the cassette C housing unprocessed wafers W

acuhsohgiorc tadebdt anmlkalinegsdlatiba faakaindrépllkes ofuhe digirofluoric
wafer Wfromthe cassette C (step S 14-1). After

acicakolugionuankb.waf er Wfromthe cassette C, the pair
of tweezers 4 for wafer carriage delivers the wafer W
to aNexintd myethod eoff forming sthewvoating Helni i Tsin the substrate
transfer unit TRS1 dispgsed in the first unit group Gl
prwssm&sqﬁt@absvglligﬁ desaribsd with @e(mc@d@IQSZgA tpheC, FIG 5,

s ST B Bl §7 S vl e W o

W O o8 B B L i IR SR s o

C1 S0 %, SRR Sl [°WBLES I ARGRISs B v
cofif UecRlL DEREREC S 90 Giodke Yty W on

caliRitiev Bicuritiity WAIRM 1 XVL1H talldiCosPbRe GREGK WOTLA e cassette C
first coating unit 100A. Thereafter, the coating

(stepl 3114-An). | Aftdr cglpieg ¢ weder W dhoinhthecOadsette C, the pair of
sol ution supply nozzle 30 onto the front 25 surface of
twebzensed dor Wafer atarriggevidehi viehe thetved feorWofo ahmospting table (not
chuck 10 as shown in FIG3A to forma coating filmT
shovm) 1a. theefiest toansfer anite TR SIndisposed in the first unit group G1 on
the processing station 2 side (step S14-2). The first carrier arm SA then
receives the wafer W from the first transfer unit TRS1 and delivers the wafer
W onto the cooling plate (not shown) in the first cooling unit COL1 disposed
in the first unit group Gl to lower the temperature of the wafer W to 23°C
{pre-treatment cooling step: step S14-3}.

The first carrier arm SA then receives the wafer W on the cooling
plate in the first cooling unit COL1 and delivers the wafer W onto the spin
chuck 10 in the first coating unit 100A. Thereafter, the coating solution is
dropped (supplied) from the coating solution supply nozzle 30 onto the front
surface of the wafer W rotating with the rotation of the spin chuck 10 as

shown in FIG. 3A to form a coating film T with a level difference H on the
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27 front surface of the wafer Was in the first

enbodi nent (see FIG 2A) {first coating step: step
S14-4}. The first carrier arm5A then receives the
wafer Won the spin chuck 10 and delivers the wafer W
onto the hot plate (not shown) in the first or 5
second heating unit HP 1 or BP2 in the first unit

group GL. The wafer Wis then heated for a heating
time selected in advance fromFIG 5 to adjust the

friio N8k B e R W S THORR 'S uRbBlimeR eablC. 2A) (first

ks C& g coating filmT as showmn in FIG 3 B
< h?l%resggﬁd%?pnrsgf%? p: step S14-5}. 10 The first carrier

arm hd g8t LhrR Yo 5ASHR Rlce G | & fnd Spin chuck
ong&h %Fl or and

the first or sec eati ng uni

1 0dghd Vddlsvdrierheaharfer PN iot fife heeHiafg &I%Aﬁta&lgoévﬁgtihethe first or
I* or 2 disposed In

first or second cooling unit COL S

setbord thasingumit IGP 0w 1BR2tia {henAfstthiet ieoRErGE Ur TH wafer W is
the wafer Wto 23-C {first cooling step: step S 14-6

thén heatekhéor arlstatirgy tines selentéd ih elvaneedfrves F1Ge Swef &djust the
Won the coolin plate in the first or second cooling

etelning cmditiony: cf%his evapatetdsvamart b ligiidrin teocoatingdilm T to
spin chuck 10 in the second coating unit 100B. _

slightlyedeerease the lexe) didfarence dndhgecoating filied) as shown in FIG.

I le 40 toth f t f
5 T Shgans TS, £ Shie, ey front surfece
CPUCIOES AR B e B B SBR bh Ghdio i n
€ i BB B B o A e W onco e
cobRERDAE LI (St e ) 0L 2L Mpposed i

. . hosas
thé Fas ﬁﬂﬁr%qgabl GY t69bWer9Re %‘xgx?eyaﬁh?é %Jf%hé@véf’éh Q?tvhtg% C {first

front su ce of the wafer Wrotating wt
coodinat step: efept 443, n chuck 10 as shown in FIG 3E to

forma substantially flat coating filmT with a small
| evelThti first earrgerhamnt HAntkeem receives the wafer W on the cooling
plate in the first or second cooling unit COL1 or COL2 and delivers the wafer
W onto the spin chuck 10 in the second coating unit 100B. Thereafter, the
solvent is dropped (supplied) from the solvent supply nozzle 40 onto the
front surface of the wafer W rotating with the rotation of the spin chuck 10 as
shown in FIG 3D to isotropically etch the coating film T as in the first
embodiment (see FIG. 2B) {etching step: step S14-7}. After the isotropic
etching with the solvent, the solvent (etching solution) is shaken out.
After the etching treatment, the coating solution is dropped (supplied)
from the coating solution supply nozzle 30 onto the front surface of the wafer

W rotating with the rotation of the spin chuck 10 as shown in FIG. 3E to form

a substantially flat coating film T with a small level difference h within an
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r 28 allowable range on the front surface of the
wafer Was in the first enbodinent (see FIG 20 {
second coating step: step S 14-8 } . After the coating
filmis formed as descri bed above, the first carrier
arm 5A then receives the wafer Won the spin chuck 10
and delivers the 5 wafer W@B8to the hot plate (not
shown) in the third or fourth heating unit HP3 or HP4
di sposed in the first unit group GL. The coating film

ety faphEotfiohhe PAP Bt P el Bt e i
en%oanﬁexgﬁ@bbmc{ '2(192gsec%needcfagk{ggteg?aeﬁﬁg e

above, first ler arm ceive afer W

on t hefiBpthe toatihgt AlrhnNist finidd Ay RischiBeatdbdiratthBYfirst carrier
unit HP3 or HP4 and delivers the wafer Wonto the

arnpSlA nhepl receivies thee wadep W @ﬁoih'eng%iﬁ”chuéﬂ?o tand defikers the
the tenperature of the wafer Wto 23 C { second

waikeo Wnontst the: hattpateS rot-shdivn JiretHe thitd opfeireh heatingAinit HP3
then receives the wafer Won the cooling plate in the
ors Efvhdlisposéchgnuthie fiost amhgerdeipi Cer.s The vadteng Witmt is cured
the 15 pountjng table (not_ shown) in the second
(bekedkasshown mﬂ%ﬁ- It spcand drying stgpesteniI1 40} .
t weezer.s for wafer carriage then_ receives the wafer
W on Afier t GREINE | bekng) wRARRNiSeE Bikccastin film dristperformed
TRS2 and uses(carries). the fer Winto th
as SEerfttd! E0ONE e B GRtie! domn S AntEceroiie water Wen the hot
e: 0 .0 14- 12)1.30 t hat ile,a
piiin HERARE AP Sobtheatin TP oo 4 dgliVerate wafer W
0 S f e i t ' 40 d
ot e SHOBAE Plate i ML heolt bl it L2 g ger the
, ¢ , : ! hi '
e e ATt iR T [22cBhiogline LGP SheRo).

the SHeofthsteattiiag astefA baen heesivdssbiei Rafer W€ the cooling
above description, the second coating step and the 25

platec amdhdrsdcogdsteplingyuie COatead gelpeetsotheesvafor W onto the
mgtrlg'?iilgtt%bfleu r(rtlcr)]teghgv%%g?gstie second transfer unit TRS2 (step S14-11).
The pair of tweezers 4 for wafer carriage then receives the wafer W on the
mounting table in the second transfer unit TRS2 and houses (carries) the
wafer W into the cassette C on the cassette mounting table la to end the
processing (step S14-12).

Note that while a case in which a flat coating film is formed on the
front surface of the wafer W with projections and depressions through the
first coating step, the first drying step, the first cooling step, the etching step,
the second coating step, the second drying step, and the second cooling step
has been described in the above description, the second coating step and the

second drying step may be repeatedly performed in order to further decrease

the level difference in the coating film T. Alternatively, the first coating step,
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the level difference in the coating filmT.
Alternatively, the first coating step, 29 the first
drying step, the first cooling step, the etching step
the second coating step, the second drying step, and
t he second cooling step may Bih repeatedly perfornmed a
plurality of tines. Further, en the first coating
step, the first drying step, the first 5 cooling
step, the etching step, the second coating step, the

thé €6 dd 1M,ign§te?)5 %Be ﬁ%ﬂglcgpg]n%fé&gg ﬁfé‘)'eité}ﬂngte%\%)g;tgxre second

repeatedl y"pertorned a times, t

coYihgr stebl ¢he tdeeahtea ostephand tisd sktdBd havdli
fi nlgshtgg isenot retﬂflﬂgd teg ttlwle cass?ette st a(?iug%%%p may be

repedtetdhepeddaned W plurtliey obtintiéqg table in the second
transfer unit TRS2 are tenporarily housed in the

- buf f durther witéh ithe 1firss ecpeime shep,t thee flirsstdrying iséep, the first
arm5A, so that after the first treatnent for the )

coplingtstep nehef etching steps thevsbeond\coating| ssep; thef sationdedrying step,
treatnments for, the second tine for the wafers W )

an§é§9eﬁ¢ppad|qmimg plep ygtrepeataddy merfarmedhatpluodityyof times, the

erfo d.. Be

watsE W, FOtikh; WEAGaemie, fao B T ticos ke BeFuelanished is not
P 1 Wi ceS 5 B8 ATEHAR 15 G 106 PREES (WeOk (tRRGHRYRG table in
o GBI, P BRI Bl 608 0 v
R T 1 M S T o
firSOLNEN ot HRP 136t NREFrEWTRY DRotSE pﬁﬁ%h%% tl%ra%iegﬁsg fdPthe second

perform 20 etching treatnment separate rom

timg@ &bt e Widfess W0k AR tiHIBBearriet 80HI0TEhE, bi¥FeR uBUCTO0 by the
process is performed, the solvent supply nozzle 40

firstagamier dyen pAcariedmetformedch of the coating units 100A
and 100B. <In the case of etching with hydrofluoric
aci dBesides, whilala case inhehichs the sepplyanioanle1 40t foe the solvent

pai r. of tweezers 4 for wafer_ .25 carriage accesses the
begng she etclungnpdutignusdispeseddn wachraf theopoatieg units 100A and

100B so that the film forming treatment and the etching treatment of the
coating film T are performed in each of the coating units 100A and 100B has
been described in the above-described embodiments, a dedicated etching unit
comprising a solvent supply nozzle may be separately provided to perform
etching treatment separately from the coating units 100A and 100B.
Accordingly, when such process is performed, the solvent supply nozzle 40
may not be provided in each of the coating units 100A and 100B.

<In the case of etching with hydrofluoric acid> |

First of all, in the cassette station 1, the pair of tweezers 4 for wafer
carriage accesses the cassette C housing unprocessed wafers W on the

cassette mounting table la and takes out one wafer W from the cassette C
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cassette nmounting table 1 a and takes out one wafer W
fromthe cassette C 30 (step S15-1). After taking out
the wafer Wfromthe cassette C, the pair of tweezers
4 for wafer carriage delivers the wafer Wto the
mounting table (not shown) in the first transfer unit
TRS 1 disposed in the first afli t group GL on the
processing station 2 side (step S 15-2). The first
carrier arm5A then 5 rece| ves t he waf er Wfromthe

RPN TR RSN 3 G o o
tw%%%ﬂsn&l g%’ﬂat ;tnér e?g?%?grso tﬁg?emr; A: Vy{&ﬁ%g{t%&’é’table (not

sh{)fo:) ﬁlrﬂl%t ﬂFi’tttréﬁ’ﬁek NS TRE 1 eli§fbsetdimdthe ﬁ'i‘?thul'lirtséroup G1 on

carrier arm5A then receives the wafer Won

the qlocegsingOstatiahe2i sideh@tép r$15-090! iThe Ykt ce@Rlidr apgh SA then
delivers the wafer Wonto the spin chuck 10 in the

re¢¢ives theatafeg Wnirboni €Afirfineaestet einit TRS Laadidivers the wafer
solution is dropped (supplied) fromthe coating
Wsantet thercanl prg plate{nbe sBowmjtia thieefifst @nmlmgumﬁm((éObﬂ disposed
g fer Wrotating with the rotation of the sp
ind eicléﬁla st greupvi Lt Faweer the tempsraiuae @fatthemyafen W to 23°C
with a level difference }—éfn the 15 front surface of
r

{Pﬁ'ﬁ'ér%mm\ﬁp IngnsteRester 3t SSbodi nent (see FIG 2A)

e m S4s PN eagi 88, Sa el Pty e wilrr SRLok theoeooling
PIERCE ] I ‘ﬁcBPﬁnéﬁfﬁ‘ GoBaind,; lﬂ%‘aqhééﬁ?ﬁemn optoghe spin
chiick"ﬁ?2 in Qhe it | ?11?1% ﬁhﬁSfOG’R'.t 'gﬁ&‘éﬁfﬁ hezgo;cﬂ?g solution is

wafer Wis heate eating tinme se
dr?_gpéﬂ ¢Supplesd Fem thé QoaﬁﬂFUﬁluhBﬁ ﬁlﬁly%&%‘ @Iot b% the front

I's evaporates a part of [iquid in the coating fil
sufface of ithbtwyfate®W afaSastmg‘le.vithwéie cbtfatleheoﬁ&hersphhechuck 10 as

coating filmT {first dryi n% step S15-51. The
shpws in 3’61 £ i3 tarforsnatdeating: Esmﬂea\d/af.'elr differenchet on the

hot plate in 25 the first, second, or third heating
fromt @unque ofthe watanpy apdndaei fiest embediment (see FIG. 2A) {first

coating step: step S15-4}.

The first carrier arm SA then receives the wafer W on the spin chuck
10 and delivers the wafer W onto the hot plate (not shown) in the first,
second, or third heating unit HP1, HP2, or HP3 in the '.ﬁrst unit group Gl.
The wafer W is heated for a heating time selected in advance from FIG. 5 to
adjust the étching condition. This evaporates a part of liquid in the coating
film T to slightly decrease the level difference in the coating film T {first
drying step: step S15-5}.

The first carrier arm SA then receives the wafer W on the hot plate in
the first, second, or third heating unit HP1, HP2, or HP3 and delivers the

wafer W onto the cooling plate (not shown) in the second cooling unit COL2
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wafer Wonto the cooling plate (not shown) in the
second cooling unit COL2 31 disposed in the first
unit group Gl to | ower the tenperature of the wafer W
to 23C {first cooling step: step S15-6}. The first
carrier arm5A then receives_the wafer Won the
cooling plate in the second3kooling unit COL2 and
delivers the wafer Wonto the 5 nounting table (not
shown) in the third transfer unit TRS3 di sposed in the

i SREER I SR Euel 07, RERRRG: B o AL ot 8 Wafer W to
238 r{ﬁrgtr@(;@fu% Sﬁﬁf%ﬁ?ﬁgaﬂ}ddel ivers the wafer Won

the "spin chuc rofluoric acid solution

etchifhe fipstt ca@dParm A et kecdives THErWhIetOW GOr2¢hé cooling
solution is dropped (supplied) 10 being the etching

platel it tlom skcondtdwolég hinig GOLAt had delpidry thezwlages W onto the
onto the front surface of the wafer Wrotating with

maourtingttableo(natf shdwn$ pinrthehthikd tfksfenunstoTRES didposed in the
etch the coating filmT (see FIG 2B) {hydrofluoric

seeRnd unsr,bgmauprng cAihegsenaepd cermer sud- YB.then tecesves the wafer
event, pure water s, Sl%ggl ied fromthe, cleaning

Wsom iheomosuiing, tallez it the tthir sianster psitopRYhand delivers the
w1 SPIRCFRdOT 0 Bhind hidtodupat aged peluffometching unit
G 1 50 T S AL R o
oeE e 1S R b SR AR G onto e
RS STIIE I W SRBHLA 3 l Shihci 10a

to Ndofrapidally Wehi @@ CbatihgHilhr amide Htyi7W) g@dﬁgﬂuoric acid

supply nozzle 8, which horizontally scans fr
sohufort ievchiigoweep: hetepeB1 847} .of Irh hbiigvaivent,! pusd dvdtee is supplied

peripheral portion, onto the front surface of the
framfee cleanong|solutibe Supplyf horzlec? aoi supsmiess i (stopetheedtching.

for etching to the outside to thereby renmove it. 25
Affer etha nisodraptic ngtehiagt neith, thiee hypdrofliorty raeid asotusbn, the

recgives the . . . . .
hydrotluoric acid solution (etching solution) is shaken out {shaking-out
drying step: step S15-8}. In this event, the centrifugal force caused by the
rotation of the spin chuck 10A driven by the motor 12 and the wafer W is
used to remove the hydrofluoric acid solution served for the etching, and the
drying gas, for example, a N, gas is supplied (jetted) from the drying gas
supply nozzle 8, which horizontally scans from the position above the center
of the wafer toward the peripheral portion, onto the front surface of the wafer
W to blow the hydrofluoric acid solution served for etching to the outside to
thereby remove it.

After the etching treatment, the second carrier arm 5B receives the

wafer W on the spin chuck 10A in the hydrofluoric acid solution etching unit
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wafer Won the spin chuck 1 QA in the hydrofluoric
acid solution etching unit 32 600A and delivers the
waf er Wonto, for exanple, the nounting table (not
shown) in the fourth transfer unit TRS4 di sposed in
the second unit group G. The second carrier arm 5B
then receives the wafer Won32he nounting table in
the fourth transfer unit TRS4 and delivers the wafer W
on the cooling plate 5 (not shown) in the third or

di d he
Q0P Thd GPRYSSWasST o) iy 0k 6 gRp AberiBoBRtipgetable (not

hﬁ%ﬁtwﬁﬁ?% Banste? it IREHErob8e iR gherEpond gt roup G2
Tﬁl?ecgc}rw -crgrer%{] P Arth SERLALE! B@éWe?AhE %@@Eeﬁﬁb}{gﬁet%ummg table

e Cooling

mftH? FHBrtAQPAr STer HittTmS.hrﬁi E%érsaﬂm WaTdr &/ gnttﬁg coolmg plate

Wonto the spin chuc in the second coat

(nbt Slﬁo%@'ﬁn tH& ﬁﬁl@é\fdr%ui'ﬂheco&lgﬂg upgt SO bp 'C®£4ddl‘§)§8§é’d in the

(supplied) fromthe coating ution supply nozzl

seoohd urnlie fdu;ﬂstw {awer tie tdimmperitare Y (led akdfBg Wi Wihich will be
the rotation of the spin chuck 10 to form an al nost

subjented ot icogtihgl tredtment) w A0 {Ipew-ateatmentt f Eeolémg estbp: step
within an all owabl e range on the front surface of the
SMePér W (see FIG 2C) {second coating step: step
S15- 10} After the coating filmis forned as descri bed
abovd e BEst cagiercammi aA %mrmrsweweséheewaferrewlamrthwcoohng
tn chuck 10 a

plffhainy SfSnr—csﬂt%r Gi5th SROMRE Wt (HIL A GO Led %n\ﬁ?/deﬁwers the wafer
IR T NG G M A
S AR R AR e 8, g s
ndZz1éMm 0 bstoPelel ﬂb%@urﬁ%eQﬁS ?ﬁé@e Y‘Staﬁfﬁ?v&fltﬁ %lltle trota1:1on of

carrier arm 5A recel ves er on t

bTARSI 0 ® i b g T U ol e
difflea¢rece( hotvithiie\um) allowabde 38688 bre el iffeht surface of the wafer W
(see FIG. 2C) {second coating step: step 815-10}.

After the coating film is formed as described above, the first carrier
arm 5A receives the wéfer W on the spin chuck 10 and delivers the wafer W
onto the hot plate (not shown) in the fifth, sixth, or seventh heating unit HP5,
HP6, or HP7 disposed in the second unit group G2. The coating film is then
cured (baked) {second drying step: step S15-11}. v

After the curing (baking) treatment of the coating film T is performed
as described above, the first carrier arm SA receives the wafer W on the hot
plate in the fifth, sixth, or seventh heating unit HP5, HP6, or HP7 and

delivers the wafer W onto the cooling plate (not shown) in the second cooling

unit COL2 in the first unit group G1 to lower the temperature of the wafer W
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unit COL2 in the first unit group Gl to |ower the
tenperature of the wafer W33 to 23 C {second cooling
step: step S15-121. The first carrier arm 5A then
receives the wafer Won the cooling plate in the
second cooling unit COL2 and_delivers the wafer Wonto
the nounting table (not shown) in the second transfer
unit TRS2 (step S15-13). 5 The pair of tweezers 4 for
waf er carriage then receives the wafer on the

to/INEY | (368 APLBoliRg! (8o SAEATY S-nanster unit TRS2 and

houses t he waf er he ¢ ette C on the

cassete iU ehirier bARl SAltlerd Pe&iifed RBePRWASESW h the cooling
(step S15-14). Wile a case in which a flat coating

plafel i ithe fsecond esolifg driier@OLR0asdr délbersf tHehafed 8V Mto the
Wi th projections and depressions through the first

mouvatinggableefott sleown) sh tHe \Seogndttemsfehenii TRSZ ¢stepr®yl 5-13).
step, the hydrofluoric acid solution etching step,
Thehgase o novaszars iy for epaferhearsimgenthair yeogjves ethe wader on the
the, second cooling step has been described in the )
mawetiag dabler inpthecsecondetrarsfen anitc bRSngnd hopsan the meafer W into
second drying,step may be repeatedly perforned as in,
thg 5?%@%6%989@\@5% ﬁsﬁﬁﬁdﬁopﬁtlﬁgd@ﬁ% d af 1 endthgaprosgseng (step
Slﬁ? bevel difference in the coating filmT.
B é natively, the first coating step, the, first

ST LR, i B, SO S L e o
oG 950 SRS, A 08, SRR FAR BB, e e

coﬁﬁhgrﬁ?ﬁ,e ﬂﬁeﬂré‘c éfgg i%%e&ﬁctﬁyﬁ}%t 2bBhngt EPL{HeSBygf&ﬂ ic acid

ste rst stép, the hydroffuoric’aci

sob@ti o le@thifb WiePOthel RRond&3REOSE pC B s8N EHAANgIAEp, and the
second drying step, and the second cooling step are

secepéatoading stepr has tedn alastribadiihythef abdvee desédiptivaf e second
Wfor which treatments for the first time have been .
coptimgsstep and nbe seeondndnying sté¢e mag det repeatedliyoperformed as in
but the 25 wafers Won the nounting table in the )
the abeiye deseriyteon upiqrderyy further decrease the level difference in the
coating film T. Alternatively, the first coating step, the first drying step, the
first cooling step, the hydrofluoric acid solution etching step, the second
coating step, the second drying step, and the second cooling step may be
repeatedly performed a plurality of times.

Further, when the first coating step, the first drying step, the first
cooling step, the hydrofluoric acid solution etching step, the second coating
step, the second drying step, and the second cooling step are repeatedly
performed a plurality of times, the wafer W for which treatments for the first
time have been finished is not returned to the cassette station 1, but the

wafers W on the mounting table in the second transfer unit TRS2 are

temporarily housed in the buffer unit 700 in sequence by the first carrier arm
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tenporarily housed in the buffer unit 700 in sequence

by the first carrier arm34 5A so that after the

treatnment for the first tine in the first treatnent

unit, for exanple, the cooling unit, for the |ast

wafer Win a lot is finished, treatnents for the

second tinme for the wafers V@§equential|y carried out

of the buffer unit 700 by the first carrier arm 5A

are perforned. 5 Note that while a case in which the

t ohi . . . . , LUt _
SR R e R fint A for W81t 4B ik AP diint unit, for

exagiplestHaltbONnPrurdf RIrkAki1A& wakdl Woin ias'loF1 € @inii§he@, ﬁg@atments

of 'the hydroflOoric acid solution to performetchi

fot nthatseeohd tifie f@f tie Wdfard W ddimieaialiynearridd™olt of the buffer
fornmed thereon can be carried to the acCid sol ution

unet 200 iy thei firss@abrior atthed A @ralpkeforneedsol ution et ching
unit 600C in place of the carriage flowto the
hydr d¥oteorthat awihdlesd utasen iet cwhrah utliet @6hig solution is the
Accqrding to the present invention, it is also o _
hygsetuprie a¢idi salationt as beer sleseribed dnetheegleana description, if an
rformed a plurality of tines, for exanple, the L
aCff gt §r@élngl$@1’é’@r?r(gld%§ 1§ 4S9k Heplacenpinthe hydrofluoric acid
ondi tions.bei ng ,sel ectivel 5 ch accordjng ta
sof fHioh i) FeF 3 B g g ietnflie, WALRES bagieg the goaping film T
[ or the first ti IS rfqrped using the
foffyEH Rt caliche, afied e zahasbiBE iR i it 00B or the
1] [ or hed ~ng_t Cj | ut1qn or
SIRGERE Aok SR CHARIGHOCN S | DERCLE A8l MR ow to the
hydrRubPicPRIAAOIRToH Bt dinblithis BopAL L ne salutlon and t he

etching for the second tFne is performed using the 20
aci d Acdotih tertheNsrelsbkeinvehtasidi #11Q rhﬁg ﬁk)c{/&@%lﬂgstﬁa’c Rvhen the

whi ch the etching “conditions are change

trestmientsy arée mepebdly t petfomhed ea plassiétyi bf whtnek, e example, the
coating solution is the SOG solution has been

tregémenthedni betperfatwed withotharentlsingt benditionsf beimgy iselectively
t echnol ogy according to the present invention is also

chapged aespeding tnhshesosditiomgf $be 8OEn fidmhthickness, sheh that the

etc%gggS%ru%ﬁeo?Irsts %i%r?e ?g p%r%oeririlgcs ’us?gg tihg }%l/dsr%ﬂuoric acid solution
and the etching for the second time is performed using the acid solution or
the alkaline solution, or the etching for the first time is performed using the
alkaline solution and the etching for the second time is performed using the
acid solution or the like, in addition to the case in which the etching
conditions are changed by the etching time.

Note that while a case in which the coating solution is the SOG
solution has been described in the above embodiments, the film formation
technology according to the present invention is also applicable to the
coating solution other than the SOG solution, such as a resist, and is also

applicable to a substrate other than the wafer W, such as an LCD substrate as



applicable to a substrate other than the wafer W such
as an LCD substrate as 35 a matter of course. 36
What is clained is: 1. A substrate treatnent nethod
for formng a coating filmon a substrate wth
proj ections and depressions gn a front surface
thereof, conprising: a first éoating step of supplying
a coating solution to the substrate 5 with
proj ections and depressions on the front surface
arﬁQﬁEﬁchbEr&an]a coating filmon the front surface
of the substrate; a first drying step of heating the
substrate having the coating film fornmed thereon to
adj ust an etching condition of the coating filnm an
etching step of supplying an etching solution for
etching the 10 coating filmforned on the substrate
to etch the coating film a second coating step of
supplying the coating solution to the substrate to
forma flat coating filmon the front surface of the
substrate; and after said second coating step, a
second drying step of heating the substrate to cure
the coating film 15 2. The substrate treatnent nethod
as set forth in claim1, wherein after said second
drying step, said second coating step and second
drying step are repeatedly perfornmed. 3. The substrate
treatment nethod as set forth in claim1, wherein said
first coating step, first drying step, etching step
second 20 coating step, and second drying step are
repeatedly performed. 4. The substrate treatnent
method as set forth in claim1, further conprising:
after each of said first drying step and second drying
step, a cooling
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step of cooling the substrate. 25 5. The substrate
treatnment nmethod as set forth in claiml1, wherein when
said first coating step, first drying step, etching
step, 37 second coating step, and second drying step
are repeatedly perforned, Blurality of the
substrates for which treatneﬁ s for the first tine
have been finished are tenporarily housed in a buffer
unit in sequence, and after said first coating step

what id BRil@dtissubstrate in a lot is finished,
treatnments for the 5 second tine for the substrates

1.sequeNkiibtratecaedtheschtarbtHid fdﬁfo@ﬁﬁﬁ%{ea &atin 'ﬂqm on a substrate
started. 6. The substrate treatnent thod as set

withmprbjeatiorlsaind depmissicrisnon & feantdsirifacd thstdos Qﬁﬁﬁgrising:
coating steps, the coating solution is supplied

t he far omst suatﬁlag etep afhsupphsngat eoating sdletomb s rtht esubstrate
being ., 10 horizontally rotated, and wherein in said
wishcprojgcienp, andweiﬁ?,lrcmmgSsOnutheorfrorﬁ supfaceethereof he form a
front urfa f the substrate with the substrate
Pnysﬁd’éfﬁ% &d the subplgatqybstrat e treat nent

thd t. forth I rein in said first,
dryi g aﬁteégélﬂgoéf@@olﬁ epinigy (e SYPSIAE: dnene dhe caming film

fOiTile?ﬁé"fiﬁoﬁ a8 i afiitiol o Craing Bfisd s

St LS at, pBETAE b UTBOH! 187 ddhing the
copERRCARh ofined op' U5 SAHAE 15 SEFHEEBRIAEAER O o

adj ugt %@cbﬁd%ﬁ&ﬁﬂéfrﬁfgpg&f; ;%ng e}ﬂhgd?ﬁgr%ﬂ?ﬁ# nSolution to the

concentration eat nen

substrafeord forimp adl A dBalm%\ﬂ%e(bxﬁ] thd ot GOF RGeS thkl s‘ﬂiﬂ)sh%te and
one of a solvent for the coating

after said second coating step, a second drying step of heating the

substrate to cure the coating film.
2. The substrate treatment method as set forth in claim 1,

wherein after said second drying step, said second coating step and
second drying step are repeatedly performed.
3. The substrate treatment method as set forth in claim 1,

wherein said first coating step, first drying step, etching step, second
coating step, and second drying step are repeatedly performed.
4, The substrate treatment method as set forth in claim 1, further
comprising: |

after each of said first drying step and second drying step, a cooling
step of cooling the substrate.
5. The substrate treatment method as set forth in claim 1,

‘wherein when said first coating step, first drying step, etching step,
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solution, a hydrofluoric acid solution, an acid
solution and an al kaline 25 solution. 11. A substrate
treatment apparatus for supplying a coating solution
to a 38 substrate with projections and depressi ons on
a front surface thereof to forma coating filmon the
front surface of the substraB@, conprising: a holding
nmeans for holding the substrate to be horizontally
rotatable; a coating solution supply nozzle for

sefRE it d%ihy BhioShealid drihe dee recesitedS: Bppiopmed.
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substrate; 10 a tenperature adjusting nea

firstlicoatihg Gtép ot ehpdast suitstaite Sal 4 loh Rafiniéh i aRSitnRAes for the
a control nmeans for conducting rotation control of

sesand timé dongheeanstratey peduerally eargéd saitbLart baffer unit are
sol ution supply nozzle and etching solution supply

starbedl e, and tenperature control of said tenperature
adj usting neans, 15 wherein said control neans
6.execUthsssubsirasp tesfatmepp nydthgdtaseset darthnign clathut,i on t o
the substrate rotated by said holding neans to forma_ )
coat i‘%gerﬁm i saifl fiet an@secend fcpabings steps, epeeating solution is

thereafter a step of .heati t he substrat, avi ng the )
suppRedn o £ them fremtrewirfacer @ﬁﬁleo S stiste awl& Ct[%pngubstrate being

condi.tion of the ,coating film a step of supplying
hqr}gé)né?f&y]irﬂ%tg %RC%on to the substrate to etch 20 the
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set forth in claim 11,

wherein in said first drying step and second drying step, the substrate
is horizontally rotated, and a drying gas is supplied to the substrate.
8. The substrate treatment method as set forth in claim 1,

wherein the etching solution is adjusted in temperature to a
predetermined terhperature; |
9. The substrate treatment method as set forth in claim 1,

wherein the etching solution is adjusted in concentration to a
predetermined concentration.
10.  The substrate treatment method as set forth in claim 1,

wherein the etching solution is one of a solvent for the coating
solution, a hydrofluoric acid solution, an acid solution and an alkaline

solution.

11. A substrate treatment apparatus for supplying a coating solution to a
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wherein said heating neans is enbedded in said hol di ng
means. 25 13. The substrate treatnent apparatus as set
forth in claim11l, further conprising: 39 a cooling
means for cooling the substrate. 14. A substrate
treatment apparatus for supplying a coating solution
to a substrate with projectB8ns and depressions on a
front surface thereof to forma coating filmon the
front surface of the substrate, conprising: 5 a
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cooling unit; and a control neans for controlling said.

- uni t enaetthsng ddletiprratppiy ndizlacﬁousddpf?@?'h‘%aaﬁ,etching solution
wherei n said coating unit conprises a hol ding neans

for wtchipigiitg aoagings fidst fatreed comehbosubstmatelield by said holding
rotatable, and a coating solution supply nozzle for

meypil yi ng the coating solution to the substrate held

by sai.d hol ding neans, wherein said etching unit
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substrate to be hqrizontally rptatable, and an etching )
sol ut} %IVIEEWSF ﬁgﬂkﬁ%l@g f’%ﬁa}‘{’éug}fl 9‘%!‘1‘6“88 hiecfpmperature” of said

lution for etching the coating filmforned on the
hediplrsens

wherein said control neans executes a

st ep, Qbnidl %XWf&h@or&ﬂﬁttir{égrotation control of said holding means,
supply control of said coating solution supply nozzle and etching solution
supply nozzle, and temperature control of said temperature adjusting means,

wherein said control means executes a step of supplying the coating

- solution to the substrate rotated by said holding means to form a coating film

on the front surface of the substrate, thereafter a step of heating the substrate
having the coating film formed thereon to adjust an etching condition of the
coating film, a step of supplying the etching solution to the substrate to etch
the coating film, thereafter a step of supplying the coating solution to the
substrate to form a flat coating film on the front surface of the substrate, and
then a step of heating the substrate to cure the coating film.

12, The substrate treatment apparatus as set forth in claim 11,

wherein said heating means is embedded in said holding means.
13. The substrate treatment apparatus as set forth in claim 11, further

comprising:
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solution to the substrate rotated by said hol ding
means of said coating unit to 25 forma coating film
on the front surface of the substrate, a step of
heati ng the substrate having the coating filmforned
thereon to adjust an etching 40 condition of the
coating film a step of suppBYing the etching sol ution
to the substrate to etch the coating film a step of
supplying the coating solution to the substrate to
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substrate treatnent apparatus as set forth in-claim

14, faicodreng unetfor forndngltheacdutifgefiltnon the/fré@urface of the
whi ¢h said carrier unit s capable of delivering and

substrate;i ng the substrate, and which is capabl e of
housing a plurality of the substrates. 17. The
substanagtehinguniichor esgpagathescoatingefilmdiormeidrom tha substrate;
14, wherein said etching unit has a drying gas supply
nozzlah¢aing ¥sithayingiabeating meansyas hestingahe substrate;
substrate. 18. Th§:i supstrate t%eat ent. apparatus as .
set oFSTAPPIRITG: AR USHNE\HRGAIS, @a@&euéflélgi &{? temperagure of said

h cg[)rrposed of a plurality of units capable of supplying
“HEEANSKi nds of et chi ng solutions different from
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et chiangaanttolt inwartso for peeiedbHing nedd units and said temperature

adjusting means,

wherein said coating unit comprises a holding means for holding the
substrate to be horizontally rotatable, and a coating solution supply nozzle for
supplying the coating solution to the substrate held by said holding means,

wherein said etching unit comprises a holding meahs for holding the
substrate to be horizontally rotatable, and an etching solution supply nozzle
for supplying an etching solution for etching the coating film formed on the
substrate, and

wherein said control means executes a step of supplying the coating
solution to the substrate rotated by said holding means of said coating unit to

form a coating film on the front surface of the substrate, a step of heating the

substrate having the coating film formed thereon to adjust an etching
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tenperature, said tenperature adjusting neans being
provi ded al ong a supply 25 pi pe connecting an etching
sol ution supply source and said etching solution
supply nozzle. 41 20. The substrat.e treatnent
apparatus as set forth in claim 14, wherein said
etching unit has a concentraffon adjusting means for
adj usting the concentration of the etching solution to
a predeterm ned concentratlon 5 21. The substrate

co%xﬁ {F‘?ﬁf pés%g%tﬁ{g‘g’lrlﬂlls SaS glic]e 8{ Eﬂp@gﬂ@éaﬂl &%hiﬁg%ﬁﬁﬂm to the
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acid solution and an solu

thé lshﬁtsfréteetd f&ah eflht éﬁﬂﬁﬁ%tﬂﬁn% fed ﬁfd?ft@urfe[becbﬁ'tﬁe substrate,

10 wherein said coating unit has an etching
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solution for etch| ng the coating filmfornmed on the
15substlitet substrate treatment apparatus as set forth in claim 14,
wherein said etching unit has a cleaning solution supply nozzle for
supplying a cleaning solution for suppressing etching to the substrate.
16. The substrate treatment apparatus as set forth in claim 14, further
comprising:
a buffer unit to/from which said carrier unit is capable of delivering

and receiving the substrate, and which is capable of housing a plurality of the

substrates.
17. The substrate treatment apparatus as set forth in claim 14,

wherein said etching unit has a drying gas supply nozzle for
supplying a drying gas to the substrate.
18. The substrate treatment apparatus as set forth in claim 14,

wherein said etching unit is composed of a plurality of units capable
of supplying different kinds of etching solutions different from each other so
that the etching unit selected according to-a condition of the film thickness or
the like of the coa_ting film is usable.
19. The substrate treatment apparatus as set forth in claim 14,

wherein said etching unit has a temperature adjusting means for
adjusting the temperature of the etching solution to a predetermined
temperature, said temperature adjusting means being provided along a supply

pipe connecting an etching solution supply source and said etching solution

supply nozzle.
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20. The substrate treatment apparatus as set forth in claim 14,

wherein said etching unit has a concentration adjusting means for
adjlisting the concentration of the etching solution to a predetermined
concentration.
21.  The substrate treatment apparatus as set forth in claim 11,

wherein the etching solution is one of a solvent for the coating
solution, a hydrofluoric .acid solution, an acid solution and an alkaline
solution.
22. The substrate treatment apparatus as set forth in claim 14,

wherein said coating unit has an etching solution supply nozzle for

supplying an etching solution for etching the coating film formed on the

substrate.



