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PRM RATUS AND LI QUI D PROCESSI NG METHOD 5
Bac groynquf the Invention 1. Field of the Invention
The pre§§%i i nvention relates tola Tiquid processing
S and |iquid processing nmethod for

Il Il
Il Il
* I

S RIRURINRAD o o "oy ogopirerorprgs i quid, 2

n general, in the

C |€t| n of the Related
0000 . . . .
of manuf act urifq 1 SYH ¢RAUGE UL ARy ces, thin

*,
proces

filnms, such as oxide filns and nitride filns, are

fornmed as insRtsRtCEdd 1l APPARATE SWH aCRPID PROCESSING
target substrate, such as a sem conductor wafer

(whi ¢feidd be sinply referred to as a wafer,
hereinafter). As a method for forming a thin film
chem cal vapor depoBatk@no@f¥VDyf nehdomsvaneiontili zed.
In CVD net hods, where a source gas is 20 supplied from
out silde Faeldaf &f, tdee iImverftion f ormati on process of

the batch type perfornmed in a vertical furnace, the
t hi ckness Tfe @Yesgnt Heredt far mal @i a | brgerd at
the peripheral portion of the wafer_ than at the

cent PHOGSHSINGh aFRATESUs jand Liguwich RRReSsifdpy Xpthod for
(cone-shaped recess)..is forned on the film,_ Further,

wher ®@2EYIRING Fathidi G5 Kot tShaF S 3 & he

semiconductor wafer, by use of a process liquid.
2. Description of the Related Art

In general, in the process of manufacturing
semiconductor devices, thin films, such as oxide films
and nitride films, are formed as insulating films on
the surface of a target substrate, such as a
semiconductor wafer (which will be simply referred to
as a wafer, hereinafter). As a method for forming a
thin film, chemical vapor deposition (CVD) methods are
utilized. 1In CVD methods, where a source gas is
supplied from outside a wafer, as in a film formation
process of the batch type performed in a vertical
furnace, the thiékness of a film thereby formed becomes
larger at the peripheral portion of the wafer than at
the central portion thereof, i.e., a concave shape
(cone-shaped recess) is formed on the film. Further,
where a film formation method other than CVD of the

batch type is used, the thickness of a film thereby
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batch type is used, the thickness of a filmthereby 2
formed may becone | arger at the central portion, i.e.,
a convex shape (cone-shaped projection) nmay be forned
on the film Were contact holes are fornmed in a film
havi ng such a | ess uniformthicknpess, the dianeter of
5 the contact hol es becones sial fer "at a position with
a filmthickness |arger than a predeterm ned val ue,
while the diameter beconmes larger at a position wth

a fil ckne s smal l.er than t r edet ern1ne .
val uefmr"\‘e arre"{eerlsarcﬁe% he :;Egle?ac? eﬁwo“’fl U elon’ 1-€-s

d! ff?' I%%trrafee&ér gk%?cfen?c]&uéaré d J.Icl'baéct! )prrﬁﬂ/ucﬁe formed

yi el eclrini que to SOl VE t

problemedS.£iRat. R re Nnth d96A3% dd:?&'%d% a film

foll owing technique. Specifically, at first, the

t hi CK{&Q}&%&OEL@:H id MesdGhhi Asrmtdidedd | MBnd B QY of
a senm conductor wafer is 15 detected at | east at the

peri phey dorvattceiilied bgupnd Dnsnalfldhead id Bosiieivn iwith a
accordance with detection signals, the filmis

pl andriilredt iy ksgys Vianpera giraoc es padptieknfifrogsd value, while
exanpl e, hydrofluoric acid solution) that dissolves

(et chew) dikensitidmmbmnandshd 2@esafay .a Mositieon ivikh thefilm
wafer is rotated, while a nozzle for supplylng t he

pr oc &4 gknqsisd e lsre & Harorihe ﬂgep%frqwrsﬁ prkyeon If the

to the central portion of the wafer.

accop&aﬁ’& % R (e AR mlzfs?ecfl% ditf qgntpga problen
Pub. S, 096 %%n% l.i qU| ?Jel I.cKks. oo ac{ec .
peri GReFE" gt 15 KR eae HRRIEG or
As a technlque to solve this problem, US. Pat. Pub.
No. 6,096,233 discloses the following technique.
Specifically, at first, the thickness of a film, such
as an oxide film, formed on a semiconductor wafer is
detected at least at the peripheral and central
portions of the f£ilm. Then, in accordance with
detection signals, the film is planarized by supplying
a process liquid (for example, hydrofluoric acid
solution) that dissolves (etches) the film onto the
wafer. At this time, the wafer is rotated, while a
nozzle for supplying the process liquid is moved from
the peripheral portion to the central portion of the
wafer.
However, according to the technique disclosed in
US. Pat. Pub. No. 6,096,233, liquid flicks occur at the
peripheral portion of a wafer near a wafer chuck for

holding the wafer. Consequently, a process liquid may
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hol di ng the wafer. Consequently, a process liquid may
3 be unevenly supplied onto the inner area of a film
on the wafer, thereby deteriorating the uniformty of
etching. Further, at the peripheral portion of the

waf er near the wafer chuck, liquid supply is disturbed
5 by the wafer chuck, thereby'de?erforating t he
uniformty of etching, i.e., lowering the accuracy of

the filmthickness. In addition, since the process

I qUib% iuI%eqUI l)% gsql%lellg%f %nncoozzéh% fiq{netsrﬁ paB.lé/a{ N tyifoilm on

process 11 or scanni ng, e process

i qui cqg%%?ni ' : dj [ 1s 4 !
r equit?leed to dec rtgl;lésx]éasb hg{e%%gclégxgaqlrl?%% ec 61 r#s,lufn(%tn?lo . of

Briefet3mRyy @furddied nentdien o9 1 Yoddion of the

present invention is to providé a 'liquid processing
appanaifes st ithd dafeacestidy 13 qEtdadigdlat iGAlisturbed
accurately dissolve a filmfornmed on a substrate,

even bjeathd hefett ethuedge tife ridbyy sidisdrmriairat indnatdeer

obj ect of the present invention is to provide a liquid

pr oc essifrgmeyyarcet @ cdmichd,i quied , proocesising heetdmwriracy of
that can hardly deteriorate the 20 uniformty of a

di ssdbhg g 19y dheskn@ss -t o Iy elsbid iqn.qufl indq jtdkes process
Anot her object of the present invention is to _provide

a | i ddigrist dce SRR Losh atuitl®s Pz lquifPr srmplssing the
met hod t hat qan decr.ease the process l.iquid, 25

cons FRRGGT. LAY HBRE JP RE t GHR SRITIFS

s tq.iquid donsumption is large. Accordingly, it is also
required to decrease the process liquid consumption.
Brief Summary of thé Invention

An object of the present invention is to provide a
liquid processing apparatus and liquid processing
method that can accurately dissolve a film formed on a
substrate, even near the outer edge of the substrate.

Another object of the present invention is to
provide a liquid processing apparatus and liquid
processing method that can hardly deteriorate the
uniformity of a dissolving process due to process
liquid flicks.

Another object of the present invention is to
provide a liquid processing apparatus and liquid
processing method that can decrease the process liquid
consumption.

Another object of the present invention is to

provide a storage medium that store a program for
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provide a storage nediumthat store a programfor - 4
- performng any one of these nethods. According to a-
first aspect of the present invention, there is
provided a |iquid processing apparatus arranged to

pl anarize a filmon a substrate 5 by supplying onto
the filma process liquid for~ dﬁssblving the film
while rotating the substrate, the apparatus
conprising: a substrate hol ding nmenber configured to

rotatahly hold the substrate in a _.horizontal state; a
rota |e%r;for]rfglcllwn§1iasnﬁﬁ ggirﬁ iogtﬁrtg’lfsteo% iOtate t he

substrate I 4 J"é{g’ ; ia]'n% [ O S4pp!

mechani smp(t:kgén%%%}e tgé[sfupp yaat#eé]épgr g%fess Iﬁi/]fﬁ?edr_lt
ont 0 ;3@ iReE Uhdhe SURSIRalRg Weriehn d R-odd Hiirth
supply nmechanismincludes a first liquid elivery

N0z zlpaivth tuss GaRthdd AW lelrateirae nozzlien okb aiudstrate
are configured to deliver the sane process |iquid,

t he fuyr Sudplgtiingy deltorathe miZal & o syEldqrid for

di aneter and provides a smaller delivery flow rate,

as cahpseaddring thee fSidaondhilliequiat adeirigrerthe reod tesattehe the
first liquid delivery nozzle is inclined to deliver

t he PRREESSUE) dampiiding a & ctuidtoisdle diglghitriomeagfoathe
substrate, and. is novabl e between a center of the
substeitfe BIFEh tpetHtaAlY dpje thhe s staatet dihd t o

o ov G i B0 Ao AR h R e e o

planarize a fil m.on & substigre ; by SuRp! ving oo the
supply mechanism configured to supply the process
liquid onto a surface of the substrate, wherein the
liquid supply mechanism includes a first liquid
delivery nozzle and a second liquid delivery nozzle,
which are configured to deliver the same process liquid,
the first liquid delivery nozzle has a smaller diameter
and provides a smaller delivery flow rate, as compared
to the second liquid delivery nozzle, the first liquid
delivery nozzle is inclined to deliver the process
liquid in a rotational direction of the substrate, and
is movable between a center of the substrate and a
peripheral edge thereof.

According to a second aspect of the present

invention, there is provided a liquid processing
apparatus arranged to planarize a film on a substrate

by supplying onto the film a process liquid for

dissolving the film while rotating the substrate, the
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di ssolving the filmwhile rotating the substrate, the
5 apparatus conprising: a substrate hol ding nenber
configured to rotatably hold the substrate in a
hori zontal state; a rotation nechanismconfigured to
rotate the substrate holding nenber; and a liquid 5
suppl y mechani sm configured to suppty the process
liquid onto a surface of the substrate, wherein the
quuid supply mechanismincludes a first liquid
delivery_n and.a.second | [ nozz
Whi CHORFESEGRT EolPEd S E%EuA EH?%%fa& oA el
processeibautd 300 ety HIsl R LGy Jdie i st

i qui Ivery Rozzl e hasYa smal ler dianeter ani

provides -ansaal ey t@e!hvgBEaEE%W h%%%anﬁ%nPQ%Eﬁﬁ%%ﬂéa to

the second |iquid de ivery nozzle, the first ligud

del i ¥eE¥ tBOZALE supstRakieN8d1Ha nde ew®e ri;hand eCcasgulis
liquidin a rotational direction of the substrate, and

I's meupblle hethaensa eenfeguekd ke sulppliatdeafdtoress
peri pheral edge thereof. According to a third aspect

of thegpidsento ansemiface, ofhehe ismbstaaitesd whdriedum dthe
processing nethod 20 for dissolving a filmon a
subsiiguédbpuappreterbamisad ipcdodess lai ddirg twHillguid
rotating the substrate, by use of a first liquid

del i #eltyvREYZPOZ23AE anéieéoﬁecmeu.ldquaél |d\¢érlyfer¥ofzz10@zle,
arran%ed such that ,the fjrst uid_ _deljvery nozz

has ¥hdrH PEP R G <51 0p P L GBS DA TS edahe Fhe ame

Gel! Yephebhoy b o7 EAPRRY, eategRaola 19 iver
liquid delivery nozzle has a smaller diameter and
provides a smaller delivery flow rate, as compared to
the second liquid delivery nozzle, the first liquid
delivery nozzle is inclined to deliver the process
liquid in a rotational direction of the substrate, and
is movable between a center of the substrate and a
peripheral edge therepf.

According to a third aspect of the present

invention, there is provided a liquid processing method

for dissolving a film on a substrate by a predetermined

process liquid while rotating the substrate, by use of
a first liquid delivery nozzle and a second liquid
delivery nozzle arranged such that the first liquid
delivery nozzle has a smaller diameter and provides a
smaller delivery flow rate, as compared to the second
liquid delivery nozzle, and the first liquid delivery

nozzle is inclined to deliver the process liquid in a
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nozzlie is inclined to deliver the process liquid in a
6 rotational direction of the substrate, the nethod
conprising: causing the first liquid delivery nozzle
to travel in a radial direction of the substrate and
to deliver the process liquid onto the film thereby
5 uni form zing thickness of the $i1m and then causi ng
the second liquid delivery nozzle to supply the
process |iquid onto the film thereby further

it . ! . . A
\er]lslsgjo\{'.larlq_ OH]!;%. Cfgllljeu@rﬁl na O%r 3’91%:] %Hﬁs%%%’t]:te I %lh%e %‘%f&lOd

€ mal ntalnin ormt i ¢dkness.

Accorg] : Jouy, f.4hq 4 ; '
C(H“{g%,lts?hr%r' QUL _nggj fg.rsﬁ: 9 iR B Melivery nozzle to

i nventi e 1I's provi I'i qui d processing

et hed-afear i $SHU4iRA A ifdddBi sphicEh thes suttdfdtee and to
defined by a thickness smaller at a central portion

t han @il iarererdheh@ralc e 1iiofli dra oS Wt rfdtlen, byt ereby
predeterm ned 15 process liquid while rotating the
Substurdatferntiy iuge tdfi ckaefss stf Itihguifd lagl ianer \cheor daeising
and a second |liquid delivery nozzle arranged such that

t he ftihestsedopd d iqueld derlyi ieaz In@zzde &osmealppdly the process
dianeter and provides a smaller delivery flow rate,

as cdmsaried anda Kdissdddmy Zdhanely f wdheredi sfedMiag the
and the first liquid delivery. nozzle is inclined to

del i érl® k@ fr REESS U uingd Fhd cknmss iwbidie fiaidddighing

of the substrate, t hod _ conpri sing: causing the

fi rstuqﬁ%ﬁWWeIHWQ%%cgqefs't ravel froma

perohe: aly s Bl 10 4 AL A ST SIS

to dglj el 1 RRGess d gAY @ 1henfild Processing method
for dissolving a film, which has a profile defined by a
thickness smaller at a central portion than at a
peripheral portion, on a substrate by a predetermined
process liquid while rotating the substrate, by use of
a first liquid delivery nozzle and a second liquid
delivery nozzle arranged such that the first liquid
delivery nozzle has a smaller diameter and provides a
smaller delivery flow rate, as compared to the second
ligquid delivery nozzle, and the first liquid delivery
nozzle is inclined to deliver the process liquid in a
rotational direction of the substrate, the method
comprising: causing the first liquid delivery nozzle to
travel from a peripheral edge of the film to a center

thereof or a center of the film to a peripheral edge

thereof and to deliver the process liquid onto the film,

thereby uniformizing thickness of the film, in
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thereby uniform zing thickness of the film in 7
accordance with the profile of the film then causing
the second liquid delivery nozzle to supply the

process |liquid onto the film thereby further
dissolving the filmto a predeterm ned thickness

while maintaining 5 uniformty ih fTlmthickness; and
then causing the second liquid delivery nozzle to
supply a rinsing liquid onto the film thereby

st oppi t r S W qui g.firo i,.ssolnving the film.,.
Acco%g{&%gdtgglc% ?JI%?:I tglsepg%lt&o ethrgéc'dﬁ:ﬁleesefvn]tﬂg’o en Aausmg
i nvert,.0 .S 1 j | QL '

ot OT Fer Ak SAI Rl AR WIS RS TR0 che process
def i Nl dntlNitHNeS o, 2R r Wy FZeNHIRIQRUSIPMg the
than at” a peripheral portion, on a substrate by a ™
predetigmnitred pHe@e@SSmindd ¢Hiikne J0twHiilRg ditditaining
substrate, by use of 15 a first liquid delivery nozzle
and and€eoandthi du d ildelthieknesezz|landatargetisdiclyy the
that the first liquid delivery nozzle has a smaller

di anseeonand iiguavd died izve ryneldzerl edeld \sa1pp Iyt aw mriatssng

as conpared to the second |iquid delivery nozzle, and

t he filgiid iogbicd thel ifidiy Xdrereby stiopnimd ithed arpcess
deliver the process liquid in a _ rotational direction

of t HéWdesErere diswelvdtWodhecdigm-si ng: causing the

second liquid delivery nozz to be |l ocated at a
1 Pk

center of AT VEPETHE D e RS d

om0 e ISP 163200400 25 S 4 Wik ing o

thenf‘Eb@uﬁii%%otl%n]cgj raStfilliquivﬁjli %l ih\é%r)é %Q:%Zfli%.e defined by a
thickness largér at a central portion than at a
peripheral portion, on a substrate by a predetermined
process liquid while rotating the substrate, by use of
a first liquid delivery nozzle and a second liquid
delivery nozzle arranged such that the first liquid
delivery nozzle has a smaller diameter and provides a
smaller delivery flow rate, as compared to the second
liquid delivery nozzle, and the first liquid delivery
nozzle is inclined to deliver the process liquid in a
rotational direction of the substrate, the method
comprising: causing the second liquid delivery nozzle
to be located at a center of the film and to deliver
the process liquid onto the film, thereby dissolving
the film by essentially the same thickness all over the

film; and then causing the first liquid delivery nozzle

to travel from a peripheral edge of the film to a
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to travel froma peripheral edge of the filmto a - 8
center thereof and to deliver a rinsing liquid onto
the film thereby sequentially stopping dissolution
of the filmand uniform zing thickness of the film
in accordance with the profile of the film 5
According to a sixth aspect of the present invention,
there is provided a storage nediumthat stores a
program for execution on a conmputer to control a

i q“ic%n%‘%cggl%ibr%%fa%%r U pe 1RGEIN Ji'hesj%gogfi id onto the

when “execut y the conputer, control'st appar at us

10 tqspgrf “E‘i’l‘@r%_blyi %léiq%ewt(i%qslﬁ)étr%dgﬁgﬁg di¥solution of the

dissolving a fil'mon a subst redet er m ned
Proces iaghd GniMyrnf ARG KRR S ISt &1y, USE

of a first liquid delivery nozzle and a second |iquid
del i wRidprdatdlee widdh angedhrofdld et dHee filmst |0 quid
delivery nozzle has 15 a smaller dianeter and provides
a smal | er Mdeldndemg fdoow giattd, saspesompel dthd rdeent
second liquid delivery nozzle, and the first liquid

del i viementdozl, e tiheriendls papvigledda istaradee qmdicas $hat
liquid in a rotational direction of the substrate,

the mECHed compoggiany foraesiasytdien Ay s« CPHYtay ¢o control
delivery nozzle to travel in a radial direction of

t he SuBsSEde PARFASE 1AE APSR TR Sor &$Qjﬁﬁﬂ9¥am'

i

(he Lol Loy uy Cazn Ut clnese of U Ul

PUPPLY Hie ALR0SES LN LS Wl IS Aaving o

thiC%ﬂﬁ§§cﬁp%!%dﬂgﬂyéﬂéﬂﬂygé“ﬂﬂéﬁé@éﬁhﬂﬂééiﬂfacess liquid
while rotating the substrate, by use of a first liquid
delivery nozzle and a second liquid delivery nozzle
arranged such that the first liquid delivery nozzle has
a smaller diameter and provides a smaller delivery flow
rate, as compared to the second liquid delivery nozzle,
and the first liquid delivery nozzle is inclined to
deliver the process liquid in a rotational direction of
the substrate, the method comprising: causing the first
liguid delivery nozzle to travel in a radial direction
of the substrate and to deliver the process liquid onto
the film, thereby uniformizing thickness of the film;
and then causing the second liquid delivery nozzle to
supply the process liquid onto the film, thereby
further dissolving the film to a predetermined

thickness while maintaining uniformity in £ilm

thickness.
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thickness. 9 According to a seventh aspect of the
present invention, there is provided a storage nmedi um
that stores a program for execution on a conputer to
control a liquid processing apparatus, wherein the
program 5 when executed by the conputer, controls the
apparatus to performa liquid p?océssing nmet hod for
dissolving a film which has a profile defined by a
thickness smaller at a central portion than at a

peri pher a&clc%or&lgl%r/lm on a Q&t %tsﬁje%\{: g 4or g{%etpg{?rgeq&d

process 10 11 qui at 1 ng subst r

f i |
of a fi Lk idh, m&m%x%e il %@%% %%I%Tg%emmd ReHad

delivery nozzl € arrange at the rst lTiquid

del | yebyesN@Z yx%g&% F cHMRlde@u tdicARirela RRFMpRIERW @RS dntrol
smal I er delivery flowrate, as conpared to the second

| i quigd 13%udel F)\t@ de sz @ppalt@tils hheiteild @ied program,

delivery nozz is inclined to deliver the process

| i quiwthelnn execlutieal bynalhedicoaptuit@r , ofcdnte-cdub stheatapparatus

the method conprising: causing the first liquid

del i rer pemdzzive at d iguial glr doesmiagpeEithlesr floredgesoflving a

the filmto a center 20 thereof or a center of the

fil mfidma pluiichhdesl aedgef itlige Gedfingedd bivo ad dhiiwémesise

process liquid onto the film . thereby uniform zing

t hi clefedd &3t athé GemRraly Pordderddhed @t B ©Fe iphshale

of the fi.lm then ca S|n t he secon%é i qui.d deliver

nozz PRI Bpfry & b;ysai B GRS

t her t her, di.s O|VI mto a

pr edg‘tl Lér’r@’(ﬁutlﬁ 53: r\ﬁgt{h r?éllbr?tta]ﬁarﬁeng by use of a first
ligquid delivery nozzle and a second liquid delivery
nozzle arranged such that the first liquid delivery
nozzle has a smaller diameter and provides a smaller
delivery flow rate, as compared to the second liquid
delivery nozzle, and the first liquid delivery nozzle
is inclined to deliver the process liquid in a
rotational direction of the substrate, the method
comprising: causing the first liquid delivery nozzle to
travel from a peripheral edge of the film to a center
thereof or a center of the film to a peripheral edge
thereof and to deliver the process liquid onto the film,
thereby uniformizing thickness of the film, in
accordance with the profile of the film; then causing
the second liquid delivery nozzle to supply the process
liquid onto the film, thereby further dissolving the

film to a predetermined thickness while maintaining

uniformity in film thickness; and then causing the
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uniformty in filmthickness; and then causing the 10
second liquid delivery nozzle to supply a rinsing
liquid onto the film thereby stopping the process
liquid fromdissolving the film According to an

ei ghth aspect of the present 5 _invention, there is
provi ded a storage nedi um t hat & ores a program f or
execution on a conputer to control a liquid
processi ng apparatus, wherein the program when

execg%%gn yl& %'%QQEHH%%I C%%Erq%§ th%u iglﬁingi
d R 6d I'SSO

performaliq processing met or I'ving a

i1 my s fisgh ke def
Ty iWhiseh ohas aner @fihke @%e'xrég)ﬁ/ %%(:O%pts. lg“@]h%szzlrocess

|arger ~ at a central portion th eri pher

port 18QuiAN fRoms BRSLANA nBY tdePradetf.er m ned process
l[iquid while rotating the substrate, by use of a

first |iquicdordglngy ey atozalghtanthspeC ¥ dHdWrksent

delivery nozzle 15 arranged such that the first liquid

del i varvgnndonl, e thase dssmpaloviadedi anetterragjed rarddvind aha

small er delivery flow rate, as conpared to the second

| i quistiodelsi vepyogaoam dor sxegculte o st a icgmpcktebel itvercpntrol

nozzle_is inclined to deliver the process liquid in a

rot afi eAaMidi PEOCRSH 188 apPagRe USubsteaiedn the PadEs@m,

conpr i si ng: causin% the second liquid del.ivery nozzle

to b¥hFPc&requELdabyehtier COBPULRE /f iQOMtIRd St & hGeliPpgratus

t he proces quuig.ont the film therehy dissalvi ,

the FPIREB) CEBSBndAgrTy PRECSSTIES AFEvE LR Aissg ving a

the fi, hen _causing.the 25 .fir li_quid

deligépghngggFé 8StFa?gP%ﬁ}8n9§%1S§F¢%WéPa%@&ﬁ§?%ﬁs larger

the BklH]Egn@rgﬁnngtE%ﬁr%%EnaQ@ %operipheral portion, on a
substrate by a predetermined process liquid while
rotating the substrate, by use of a first liquid
delivery nozzle and a second liquid delivery nozzle
arranged such that the first liquid delivery nozzle has
a smaller diameter and provides a smaller delivery flow
rate, as compared to the second liquid delivery nozzle,
and the first liquid delivery nozzle is inclined to
deliver the process liquid in a rotational direction of
the substrate, the method comprising: causing the
second liquid delivery nozzle to be located at a center
of the film and to deliver the process liquid onto the
film, thereby dissolving the film by essentially the
same thickness all over the film; and then causing the
first liquid delivery nozzle to travel from a

peripheral edge of the film to a center thereof and to

deliver a rinsing liquid onto the film, thereby
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deliver a rinsing liquid onto the film thereby - 11
sequentially stopping dissolution of the film and

uni form zing thickness of the film in accordance with
the profile of the film According to the present

i nvention, since the 5 first Ii%uid delivery nozzle
has a snaller dianmeter and del ivers a liquid at a
smaller flowrate, it is possible to accurately
control the liquid supply point, when the process

liqu%% ﬁ%nﬁqghﬁgc%Qc%%i%%é%ﬁ%%ﬁ?&%gbggbe%%gh%nin§%9&F

such ozzle i ng iameter 1s used,

the ¢ong 'QQQgOEhHQ%n%%%C%§St%EQQqu,CQB B&cordance with
decreased. Furthernore, since the first liquid

del i vy preA&ahe ioF ithel ifnach.to deliver a liquid in the
rotational direction of the substrate, the relative

liquid velqaddndiirg decers ¢deddity abywetiprssYitgelThe
liquid flicks and/or liquid spread. Wiere the first

l'i quifd rebel ildepud dnazdlierelrgy nog zd es malsl er sthadletrediameter and
providing a smaller flowrate is first used to

pl andeiligexsf ial Miquwid elte assveddelri dliod deltieverdy is

nozzl e having a larger dianeter and providing a ,

| ar g®esEibde2Gor aceyuratedan cesidd oo theorkdaa ik ShPRg Y point,
the filmcan be dissaolved at.,a high rate. Were the )
firsWh§HUt%@téﬁ?q%§ﬁn%ﬂ%ﬁﬂ¢v%?yd%gkY?€§d gpeperform etching.

configured, tqo. sw tchably deliver both of the process
Caut o andutie, S ¢U5h 4 0GRS Bt B heiitr

2o A58 (D PRSI A S e s
can be decreased. Furthermore, since the first liquid
delivery nozzle is inclined to deliver a liquid in the
rotational direction of the substrate, the relative
liquid velocity is decreased, thereby suppressing
ligquid flicks and/or liquid spread. Where the first
liquid delivery nozzle having a smaller diameter and
providing a smaller flow rate is first used to
planarize a film, and the second liquid delivery nozzle
having a larger diameter and providing a larger flow
rate is then used to promote etching, the film can be
dissolved at a high rate.

Where the first and second liquid delivery nozzles
are configured to switchably deliver both of the
process liquid and rinsing liquid, it is possible to

'perform a dissolving process in various variations.
Brief Description of the Several Views of the Drawing

FIG. 1 is a sectional view schematically showing
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FIG 1 is a sectional view schematically showing - 12
the structure of a liquid processing apparatus
according to an enbodi nent of the present invention;
FIG 2 is a plan view schematically show ng the
structure of the liquid processing apparatus according
5 to the enbodi nent of the preséﬁt i'nvention; FIG 3
is a view schematically showi ng the arrangenent of a
first liquid delivery nozzle used in the liquid

processi ng _apparatus shqwn _j.n, ElG 1: EIG_4 is a view
Showts SLEeet URter T 2h ol PESSssinG ARRF G us

waf er i S t ' | C on -
{han St AL s SRl " End PR 1k o,
recess prafid €2 RAIGS pAd O R_RE &l LN SO N34 8PSche
of a dissolving process for an oxide filmHhaving a ™

conesticthiaredr @¢rsS iRfAld IFioddse iy ispphrdtal¥ according
showi ng a case where an oxide filmformed on a wafer

has a&dt hek ret®ddminte o fatt Heh reparitphenalntaidgs; t han

at the center, which defines a cone-shaped projection

profile; FIGI GS.is/A tviekE sarheemd teiwsa Isihove g isiee psheof

a dissolving process for an oxide filmhaving a cone-

shaped rangiesenitorrfproffilnst dridgiurldcded iivery viasgle used in

schematically showi ng an exanple where a first Iigyid

del i Fé&ey lAckiCe DreGafSd@cat@iaratas Ehaimhdd kS o/

second Ii%yid delivery nozzle. Detail ed Description of

the I nventfiffy ¢ is a view showing a case where an oxide
film formed on a wafer has a thickness larger at the
peripheral edge than at the center, which defines a
cone-shaped recess profile;

FIGS. 5A to 5E are views showing steps of a
dissolving process for an oxide f£ilm having a cone-
shaped recess profile;

FIG. 6 is a view showing a case where an oxide
film formed on a wafer has a thickness smaller at the
peripheral edge than at the center, which defines a
cone-shaped projection profile;

FIGS. 7A to 7E are views showing steps of a
dissolving process for an oxide film having a cone-
shaped projection profile; and

FIG. 8 is a view schematically showing an example
where a first liquid delivery nozzle is integratedly
combined with a second liquid delivery nozzle.

Detailed Description of the Invention

An embodiment of the present invention will now be
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An enbodi nent of the present invention will now be 13

described with reference to the acconpanyi ng draw ngs.

In this enbodi ment, the present invention is applied

to a liquid processing apparatus for etching

(dissolving) an oxide filmforned on a wafer. 5 FIGS.

1 and 2 are a sectional view and3a pl an vi ew,

respectively, schematically showing the structure of a

i quid processing apparatus according to an enbodi nent

of t I t j.nventicon. This liquid processi.n .
RRRRIREY Witde s entt ot e 0% srapgnos.

appar at us includes wa ne
r ot atrabl.y. . olq&?g- rg S e . f, Wi .

an g%igélgiﬁw1 oﬁﬁg %fhgkgb . %%%&Mé'efﬁﬁgﬁgﬁﬁg éﬂ%lled ko
menber 11 qulid pRiralliaddupd drdlcdlsy f %rtc:ftir@lnc(ldﬁ s3d1%ing)

di sposed " to Surround the wafer Wplaced on the wafer

hol diang oxiTRIeb e 1% fHitheld @i & RiaFegssi ng apparatus 100
further 15 includes a liquid supply nmechanism4 for

suppl yi nFIss dilssold entasel at seat daofdapurviévedndateblan view,
onto the wafer W and a filmthickness sensor 5 for
neasreispgcthiseliyhi clohesstofcalliy ehicdeng Itheostiriueture of a
wafer W The wafer holding nmenber 1 includes a rotary

pl at & iqradd] preicessting eppagatad Beardisiafto 2a embadgiment
rotary notor 2. The rotary plate 11 _is provided with

t hr e€f &BSpBFrEsSEIts IDYENtdPIsupFois Ad IHE BaRsEe SN

three hold pins 12b for. holding th fer W which

are ZRPPIGHYG 40 HEPEEShEr AR5 100N 158 MFENESt dr yFor

| 5 1 the wafer Wi ferred t .
P omeERE S RaFe OGN g FERGEF ForRd Shaptr M apiots Mg th an

are

oxide film formed thereon. The wafer holding member 1
is rotatable by a rotary motor 2. A cup 3 ig disposed
to surround the wafer W placed on the wafer holding
member 1. The liquid processing apparatus 100 further
includes a liquid supply mechanism 4 for supplying a
dissolvent solution and purified water onto the wafer W,
and a film thickness sensor 5 for measuring the
thickness of the oxide film on the wafer W.

The wafer holding member 1 includes a rotary plate
11 directly connected to the shaft 2a of the rotary
motor 2. The rotary plate 11 is provided with three
support pins 12a for supporting the wafer W and three
hold pins 12b for holding the wafer W, which are
attached to the peripheral portion of the rotary plate
11. When the wafer W is transferred to and from the
wafer holding member 1, the support pins 12a are

utilized for this transfer. The hold pins 12b are
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utilized for this transfer. The hold pins 12b are 14
rotatable in a direction indicated wwth an arrow A
bet ween an outer retreat position and a hold position
for holding the wafer W so that the hold pins 12b do
not obstruct operations for transferring the wafer W
5 between a transfer arm (not sﬁéan and t he waf er
hol di ng menber 1. Specifically, the hold pins 12b are
set in the retreat position when the support pins 12a

receiyg g ualier Wadnddien j;rggréeggﬁgqig.fnnﬁ fAiow A

r ot at ol d position, he

waf e, b0, The s Ll ding gmmierion! drig @‘fﬁ)tllde_rd#e?sition

and down by an el evating nmechani sm (not shown).

| quischys gRAIM e Nt incldlama finesStholld @ik 12b do
delivery nozzle 21 and a second liquid delivery
nozzhpt2 dbsAatit tofopdtiati drs mMamahlddfie dcarnidtg Wmfer W
bet ween the center and peripheral edge of the wafer W
Each baft weem fa restaresfob rs econd(riatquatebvwas| iaret yeheo 2 fese

21 and 22 is arranged to selectively deliver diluted

hydr dfdLdoma mepitee{ DHF) Spsetd faigead 1r0ddes Hdlguipirfsorl2b are
perform ng a dissolving process, and purified water 20
used s&F 41y ithe feuLuaph PosSidar vl phe Hapmar pins 12a
liquid delivery nozzle 21 is_connected tq a first

| i quitESEUpER S e IRE Wrhénd ten it Psh@iyes it 25
e PHE R 5 A P R Gibpl PRy 2P IR the wafer
D56 L AR AR R K i AT I o
SOlu&hp%ﬁmgievating mechanism (not shown).

The liquid supply mechanism 4 includes a first
ligquid delivery nozzle 21 and a second liquid delivery
nozzle 22, each of which is movable for scanning
between the center and peripheral edge of the wafer W.
Each of the first and second liquid delivery nozzles 21
and 22 is arranged to selectively deliver diluted
hydrofluoric acid (DHF) used as a process liquid for
performing a dissolving process, and purified water
used as a rinsing liquid. Specifically, the first
liquid delivery nozzle 21 is connected to a first
liquid supply line 23. The first liquid supply line 23
is connected to a diluted hydrofluoric acid supply line
26 and a purified water supply line 27 respectively
through valves 24 and 25. Accordingly, diluted

hydrofluoric acid used as a dissolvent solution and

purified water used as a rinsing liquid can be
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purified water used as a rinsing liquid can be 15
delivered through the first liquid delivery nozzle 21
onto the surface of the wafer W For the first liquid
delivery nozzle 21, switching between the dil uted
hydrofluoric acid and purified water is perforned by 5
turning on/off the valves 24-and>25- The second liquid
delivery nozzle 22 is connected to a second liquid
supply line 28. The second liquid supply Iine 28 is

d il d drof | i, [ Ly |
31 BRTBaR FrERt SPesbanny i e Seldpan RerLe 21
%0 t%%g'ﬂh}éa's‘{&ga%% %@d 32 AT W NIy, ‘%‘ﬂe“tf%qrs& liquid
ydroflTuoric aci d used as a di ssol vent "sol ution an

puri fi e aqLins hQhy a e g1
de|iéggggg?kr%Sgﬁqghgﬁéeggﬁg%FﬁgﬁgE%ﬁggfﬁegﬁghé§2“§e§5

ont on{AecguLbHRGe @Eiﬁhﬁn\ﬂa%%rri\ﬁ/ieﬁs walt 8 of igetformed by
liquid 15 delivery nozzle 21. For the secondliquid

del i vakyiingozal/e £22 rheWvheRielg 2ketanien st.he Tde WeRdnd liquid

hydrofluoric acid and purified water is perforned by

t ur nded iopkef hozzhe eal ies c2fnardedO tollae sdidotided iquid

hydrofluoric acid supply lines 26 and 31 are

connevprpdyt dinel R§ui d Theppeygo2d pungmidnsuppillyowinst €8 is

control unit (not shown). Simlarly, the purified .

wat eEosnppked tees 97langd3hydxod luoriccted & supply line 31

liquid supply punp and a flow_rate control unit (not

showAld heurifded) Wabrd GePPIYr Y 176z 2Re reEhestively

desi gned t 2? have a snml | er di aneter and thuys

prov?gﬁogggnﬁﬁ &Fs g@l?& ¢ Or | ofiCFardl yboﬁﬁiP§§dto

the ﬁ%&%gglhb Ebdacid used as a dissolvent solution and
purified water used as a rinsing liquid can be
delivered through the second liquid delivery nozzle 22
onto the surface of the wafer W, as in the first liquid
delivery nozzle 21. For the second liquid delivery
nozzle 22, switching between the diluted hydrofluoric
acid and purified water is performed by turning on/off
the valves 29 and 30. The diluted hydrofluoric acid
supply lines 26 and 31 are connected to a liquid supply
pump and a flow rate control unit (not shown).
Similarly, the purified water supply lines 27 and 32
are connected to a liquid supply pump and a flow rate
control unit (not shown).

The first liquid delivery nozzle 21 is designed to

have a smaller diameter and thus provide a smaller

delivery flow rate, as compared to the second liquid

delivery nozzle 22. For example, the first liquid
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delivery nozzle 22. For exanple, the first liquid 16
delivery nozzle 21 has an inner dianeter 0.5 mmo and
provides a flowrate of 50 niL/mn. The second |iquid
delivery nozzle 22 has an inner dianmeter 4 nmo and
provides a flow rate of 500 niL/mn. The first liquid 5
delivery nozzle 21 preferably ha$ a-diameter of 0.2 to
2 mm and preferably provides a delivery flow rate of
20 to 200 nL/mn. Further, the second liquid delivery

nozzl e .22 preferall as _a dianmeter of. 3 to 5 an

o of ABTS R orads’ 2 ladrn Ery Tren FrRebrT00 T and
2, 00Q Jdlimen. JFynthe rat2s oW m{ﬂ}mﬁg@ %51 L Re ddiSh iquid
liqu el'ivery nozzle 21 is inclinéed to el iver a

Procers ihieGyi ¢hoz% 16N or gladt ienahndiy eGhiR e 4t o and
wafer W This inclination angle is preferably set to

be 19rdQdée aS¥awisad@ oENeoRea@ehini. quittheddiine®r Niquid
nozzlie 15 22 is set in a vertical state as in the
converiliitRaly naezllee 2 1bprefayabd yselas B dlametldmed 0.2 to
state. Since the first liquid delivery nozzle 21 has a

snal Remmgi amet @refiectatidlyl weros idelsi quideldtveaysifdldwerrate of
flowrate, it is possible to accurately control the

20 | 2Quite 20FpmL/pdint &uatherdetheasecond |liiguiid delivery
consunption. Further, since the first [iquid delivery
nozzPezzle 22 peeifgedly dasi pediametqy @Li B ttige 5 mm, and
rotational direction of the wafer W__the rel ative

| i quPF SFETEELYY ProVaeere §s 88 1 1Veve by ¥ FHtEs Sifng 095 to

| aubd 1 elis andl oro Lguld spr esd, e, kst 1 Q¢ o
liquid delivery nozzle 21 is inclined to deliver a
process liquid in the rotational direction of the wafer
W. This inclination angle is preferably set to be 15
to 75°, such as 30°. The second liquid delivery nozzle
22 is set in a vertical state as in the conventional
nozzle, but may be set in an inclined state.

Since the first liquid delivery nozzle 21 has a
smaller diameter and delivers a liquid at a smaller
flow rate, it is possible to accurately control the
liquid supply point and to decrease the liquid
consumption. Further, since the first liquid delivery
nozzle 21 is inclined to deliver a ligquid in the
rotational direction of the wafer W, the relative
liquid velocity is decreased, thereby suppressing
liquid flicks and/or liquid spread.

The first liquid delivery nozzle 21 is held by a

first nozzle holder 2la attached to a first nozzle arm
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first nozzle holder 2la attached to a first nozzle arm
17 41. As shown in FIG 2, the first nozzle arm4l is
linearly novabl e between the center and peri pheral

edge of the wafer Wby a ball screw nmechani sm 43. The
ball screw nmechani sm 43 includes a ball screw 45
extending 5 in the traveling-di fdction of the first
nozzle arm41l, and a guide rail 46 disposed in

parallel with the ball screw 45. The first nozzle arm

41 is . attached to a veljn er 47 i

scr e\%‘é St FEWH It nsthrrI&N %éﬁjd s t1|nf(§)azrﬁ 4 is

on t [ [ i

d sp[%?e%‘é 3% SR, H%bt*%e‘” SH AT eao”ésﬂp**eral edge
L ne%r h@DWa'f%xt he iy &Y §la1n9 s'@:@%ﬁrmecéganl-gﬁ? 453eCOPIQ1e ball
I|qU| elivery nozzl'e 22 1s held by a second nozzle

hol deirea midraehesh U3 arsaceRG nord1e kbhaf MsA2xtAhding

shown in FIG 2, the second nozzle arm42 is linearly
nmovahhe tihet weer dinac aireictdrth pE igieerfilrstedgezfe tdien 41,

waf er Wby a ball screw nechanism 44. The ball screw

nmechamids @ 4yhiidec inadds 4% lEldpaserdevind amdtlenddiwigh rthe ball

the traveling direction of the second 20 nozzle arm

42, @cdewy ¢bi.de Tha Ifi5Gtdinazeded am gdr dld elttagihad thewe a

bal | screw 49. The second nozzle arm42 is attached

to atweardiingg meswss 451, WkHih u%%cqeé(ﬁéhqshtft%@all screw

ball screw 49 and js _slidably fltt?{jﬁon thquul

rail 4502an4 &S ﬁ%&%&ﬁ ds?f}

25 the .ball screw 49 er.eby. .l nearcie MOV g:

Cr av NG e MEERASE ETAE (1o £ SHRE SEbishd 41 A
screw 45, thereby linearly moving the traveling member
47.

The second liquid delivery nozzle 22 is held by a

second nozzle holder 22a attached to a second nozzle
arm 42. As shown in FIG. 2, the second nozzle arm 42
is linearly movable between the center and peripheral
edge of the wafer W by a ball screw mechanism 44. The
ball screw mechanism 44 includes a ball screw 49
extending in the traveling direction of the second
nozzle arm 42, and a guide rail 50 disposed in parallel
with the ball screw 49. The second nozzle arm 42 is
attached to a traveling member 51, which is screwed on
the ball screw 49 and is slidably fitted on the guide
rail 50. A driving mechanism 52 is disposed to rotate
the ball screw 49, thereby linearly moving the

traveling member 51. The first and second liquid

delivery nozzles 21 and 22 may be moved by a mechanism
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delivery nozzles 21 and 22 nmay be noved by a nechani sm
- 18 other than the ball screw nechanism For

exanple, a belt driving nechani smor cylinder
mechani sm may be used for this purpose. The cup 3 is
configured to receive the process 5 liquid or rinsing
liquid separated fromthe mafer]vay' a centrifuga
force during a process, and to drain it out of the
apparatus. The cup 3 is provided with an exhaust

passa egramt%%%x tt\ﬁo ra%{ln stckllzbe%iS me h%r}ldi s%rﬁ. diESo[io Se?%errgbt]te > a

the DO e exXhaust passage 3a IS 0 conne

the $4Gt o} 18);9f grfec@lagﬂ%n{s%ﬁh&m arﬁMay be

The cup 3 1s novable up and y an el evating

MechaeMeJ10t: ISROWWrpoRe fil m thickness sensor 5 is
arranged to detect ™ the thickness of an oxide film

formed on e Agf &8 W cdtF Mhdhltt € ord deli Vet tth€ G BEd s s
with the wafer W For exanple, the filmthickness
sensArigmiids dromigtsielg dnquil iscaladaeel tirek ndss -weier W by
or ellipsoneter. The film thickness sensor 5 is

at t achenta itfhwgadi ficelceemtirdnoar raranesss, whidha glrain it
linearly novable by a. cylinder 20 nechani sm 56.
Accorditn@fy theh@prbanatus .c k Téss BunSoriss praidad seith an
at any position above the wafer Whetween the center

and FeHIgIes PasEdge or @ Wil nTiabesy | 3hderd 3¢

IS S B LR SRl Sl TS

o7 TSR s S R A N L B BT e
(not shown). The cup 3 is movable up and down by an
elevating mechanism (not shown).

The film thickness sensor 5 is arranged to detect

the thickness of an oxide film formed on the wafer W,
without coming into contact with the wafer W. For
example, the film thickness sensor 5 is formed of an
optical type thickness-meter or ellipsometer. The film
thickness sensor 5 is attached to the distal end of an
arm 55, which is linearly movable by a cylinder
mechanism 56. Accordingly, the film thickness sensor 5
can be set at any position above the wafer W between
the center and peripheral edge of the wafer W. The
cylinder mechanism 56 comprises a cylinder 57 with a
piston 58 movable outward and inward relative to the
cylinder 57. The arm 55 is attached to a traveling

member 60 fixed at the distal end of the piston 58.

Each of the components in the liquid processing
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Each of the conmponents in the liquid processing 19
apparatus 100 is connected to and controlled by a
controller 101 conprising a mcro-processor

(conputer). The controller 101 is connected to a user
interface 102, which includes, e.g., a keyboard and a
di spl ay, wherein 5 the keyboardlls used for a process
operator to input comrands for operating the
conponents in the liquid processing apparatus 100,

and 1, a‘lla%%t aY S 1%3%%nn°er £ %{‘%"éﬂ %%d‘”c%%ac'fo%.el%dt ees

of t 1 opera S onal ‘St atu he componénts i'n

| quid, Rr0GASSI NG 1ARRAALUS 0 b fay esdd® (computer) .
i tLe%

control 101 i s conn to the storage portion

103, 7yl o1 e0d Pess Webhn8PEH OL o PROYLRFE indBE face 102,
process condition data recorded therein, for

real iwHiRg Maidlidepr RCepSes pehibyared dnd thelildgQwy] wherein
processi ng apparatus 100 under the control of the 15

cont redld éreybdhrdand alse@ fioar es patduers sdaipe raeas $ar \input
for the other control. Arequired recipe is retrieved

f r omadmmasids £ qpematamgl Gheanpmpoeemted iy thee 1iquid
controller 101 in accordance with an instruction or

t he IPdcsesspng 2enanedygh 1M wowt the difspd@yids used for
Consequent |y, each of various predeterm ned processes

i's pEPIBEREd itF U 299 dmages Gtteddian g’l%?pﬁ@ér igngd fo@tus of

O S Sl 518, S iorih s 9 200,

rrerng)\//l tr}_:ﬁ”jhgzlrSkconrzceréafllleexrI tllo dl Skd n%rec Uy %Ioattlhlee storage

Whil%df&léﬁtfﬁyrﬂwﬂféﬂjstores recipes with control programs
and process condition data recorded therein, for
realizing various processes performed in the liquid
processing apparatus 100 under the control of the
controller 101, and also stores other data necessary
for the other control.

A required recipe is retrieved from the storage
portion 103 and executed by the controller 101 in
accordance with an instruction or the like input
through the user interface 102. Consequently, each of
various predetermined processes is performed in the
liquid processing apparatus 100 under the control of
the controller 101. A recipe may be stored in a
readable storage medium, such as a CD-ROM, hard disk,
flexible disk, or nonvolatile memory. Further, a
recipe may be utilized on-line, while it is transmitted

from a suitable apparatus through, e.g., a dedicated



froma suitabl e apparatus through, e.g., a dedicated -
20 - line, as needed. Further, the controller 101 is
arranged to receive detection data (signals) detected
by the filmthickness sensor 5. In the controller

101, the detection data is 5 processed by an
arithnetic conparison operatron%%tli reference to

. etching rate data (preset etching rates) of an oxide
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filmobtained by, e.g., an experinent in advance. The
resuba gf LRI S %% ess is used to control the

rot at’i on nunber ‘he wafer W the scanning 10

vel ocity z| [ , :
and the f?%ﬁiP%?ést e éé%%?gﬁégg |qu?%%3 3 5% LEékfecelve
wat egedaed 138 @aEbnibE%naﬂ%W'@etM%%Ed @@'%ﬁ@ #al] Yhickness

wi Il be given of an etching process (di'ssolving

procesajsopesf.or madche thathkioquied 119 ,proesiitRtion data is
apparatus having the structure descri bed above. At

firsprotkeskedpbyotinaardxhadetfiicl mohbAritshe operaesidn eith

of the process liquid, and the relationship between

the refiperarer écardchicgi mgteatietar d pstesedd etchdid mtes)
storage portion 103 in advance. Then, a wafer W w th

an o?%dénf PrAdPofABM ohtiatigesdublace s it eanskeerdgenty in

a transfer arm (not shown) onto t he support pins 12a

of tﬁé"ﬁﬁ?ér hdhgi AgShefbef Ehitharesessr lst Keefafter ogntrol
is hek the hol d pi ns %Zb In th|s sta the film

25 th Skﬁ 8t N BHERFE] © e WAEEm thi & e§§a§’é‘r+§’z9r

ge?}pﬁgrghgra Etg %EZQQInE% %%%Mﬁgqnbh%h%egk%%e%sdllquld
and the flow rates of the process liquid and purified
water used as a rinsing liquid.

Next, an explanation will be given of an etching
process (dissolving process) performed in the liquid
processing apparatus having the structure described
above.

At first, the type of an oxide film 110, the
composition of the process liquid, and the relationship
between the temperature and etching rate are stored in
the storage portion 103 in advance. Then, a wafer W
with an oxide film formed on its surface is transferred
by a transfer arm (not shown) onto the support pins 12a
of the wafer holding member 1. Thereafter, the wafer W
is held by the hold pins 12b. In this state, the film
thickness is measured by the film thickness sensor 5 at

a plurality of points between the center and peripheral

edge of the wafer W to obtain a profile of the film
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edge of the wafer Wto obtain a profile of the film -
21 - thickness. As a result of the neasurenent, as
shown in FIG 4, if the oxide film 110 forned on the
wafer Whas a thickness |arger at the peripheral edge
than at the 5 center, which defines a cone-shaped
recess profile, the etching prédess (dissolving
process) is perforned in accordance with the steps
shown in FIGS. 5Ato 5E. At first, as shown in FIG

5A, @%&h r%%%rence to the filmthickness detection
poi nt’s 5fnto Pn between 10 the peripheral edge and

center ofadhe &ﬁtVxﬁtéﬁygh%yguyémgﬁéfi§§eé§§wﬁ 8 rIc. 4,

vn-1,n) of the first i qui el1very nozz

bet ween thiae £KEFREELNHE 109! Fogmedl SnCoheULAFRE WO has a
perform planari zation by etching wwth etching anmounts

Xt @ nXReknERiss 16akye aki @heC %&rbgh&ane@ﬁi@rem%alw at the
met hod di scl osed in paragraph 5, Iine 31 to paragraph

6, |iceat®z,i whiSh BafinRdba Nenebshaped3Zecelskeprofile, the
teachi ngs of which are incorporated herein by

r ef ee¢abeng Pregesas (shewolivingl GrosBsst) he sf pesiformed in
liquid 20 delivery nozzle 21 is set at a position
abovecchedenge ofitbhshgasser® shipen, ias FIRGwn 5Pn tRl GE.

5C, while the wafer Wis rotated, the first liquid

del i very ASzAi&sEr ass shgvad o F ISeakdi ngitdndied eueace to

center wi_th the. velocities obtained as described
bovEneDiiy Lekisa s, Eahprhg oaBeorts: 61 &P 4 begyeen
ggld[ 3@%;%%‘521; %Ir%il fsagg%e'a'rl‘é%%%t%ﬁ%‘ft el Lagh, yAuid

traveling velocities (vl1l,2 to vn-1,n) of the first
liquid delivery nozzle 21 between the respective points
are calculated to perform planarization by etching with
etching amounts X1 to Xn. This calculation can bé
performed by a method disclosed in paragraph 5, line 31
to paragraph 6, line 52 in US. Pat. Pub. No. 6,096,233,
the teachings of which are incorporated herein by
reference.

Then, as shown in FIG. 5B, the first liquid
delivery nozzle 21 is set at a position above the end
of the wafer W. Then, as shown in FIG. 5C, while the
wafer W is rotated, the first liquid delivery nozzle 21
is moved for scanning toward the center with the
velocities obtained as described above. During this
scanning, a solution of diluted hydrofluoric acid is
delivered from the first liquid delivery nozzle 21 to

etch (dissolve) the oxide film, thereby planarizing the
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etch (dissolve) the oxide film thereby planarizing
the - 22 oxide film At this tinme, the etching anount
is preferably set to be the m ni num anbunt necessary
for the planarization. Wen the first liquid delivery
nozzl e 21 reaches the center, the supply of diluted 5
hydrof luoric acid fromthe flrs@ liquid delivery
nozzle 21 is stopped. In the step described above,
the rotation nunber of the mafer Wis preferably set

to b 01,0 r VV| t rot
%Xﬁi% £i%me ?‘% Fizlflro |s seebattolt a8

in a Seri es 0] sequent

Step%ge%%rzgq %%EeEo oy %@@M%fdldﬂda(f@&né'ﬁggéééﬁfy for

liqu eltvery nozzle 21 I1s retreate

secoRgel bqlath‘irl‘%@t'l\é%r Y ReeH @ne? fivstetl 1qu1<'2‘:1 RS tv‘e%‘/
above the center of the wafer W In this state, a

sol uhicerz1ef 21direulce@ shytieoidei@leG adied éuﬁapi'g/p@ﬂ edluted
fromthe second 15 liquid delivery nozzle 22 to the

ent i hgdsvrffllaeeief ache fwakerthd/ fGarsequeiildy dedtiGhiryg nozzle
is uniformy perforned all over the wafer W so that

t he @ii de Bitloppet) | §n heceteed des chdbeda above, the
predeterm ned uni formthickness. Wen the thickness of

t he oetasipn murberpedorde wyafzy pr dderaafioredlvalsgs, to be
the supply of diluted hydrofluoric acid fromthe
secoﬁ@OIF@uﬁdo@@lﬁvﬁty %@fzw@fEZ’W%1f3$@§ﬁe50tﬁﬁﬁﬁhép-a

as shown in 5E, purified water used as_a rinsing

| i quns&“?szPEpIStéé’sf EEit A 1Se SRR B9 fdicd SybSsMspt steps.
doscr | bed KB3VELaTe & %Zlqev%rt‘:mn?%&&?é%f s Y g dauid
haved@l@b@@9t%ogEa%d2HhH%kQ%%§Eated, and the second liquid
delivefy nozzle 22 is set at a position above the
center of the wafer W. 1In this state, a solution of
diluted hydrofluoric acid is supplied from the seeond
liquid delivery nozzle 22 to the entire surface of the
wafer W. Consequently, etching is uniformly performed
all over the wafer W, so that the oxide film 110 is
processed to have a predetermined uniform thickness.
When the thickness of the oxide film 101 becomes a
predetermined value, the supply of diluted hydrofluoric
acid from the second liquid delivery nozzle 22 is
stopped. Further, as shown in FIG. 5E, purified water
used as a rinsing liquid is supplied from the second
liquid delivery nozzle 22 to terminate the etching.
With the steps described above, the oxide film 110
is planarized to have a predetermined thickness.

According to this process, since the first liquid
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According to this process, since the first liquid ry -
23 delivery nozzle 21 has a smaller dianeter and
delivers a liquid at a snaller flowrate, it is

possi ble to accurately control the liquid supply

poi nt, when diluted hydrofluori%'acid used as a
process liquid is 5 delivered t 8 perform et ching.
Consequently, in spite of the presence of the support
pins 12a and hold pins 12b serving as a wafer chuck,

the td@lﬁ.&%?zzts n%fz ztltée 2 lp)é]i? e a{ isLn@l:!L:!aq’ (c"la;l.?.\rr%%, ee%‘:wa%#gd?t “ivers

cont r ol the "peripheral portion o

Furt 'aerl,iq_%iiacgtsléc%mlﬁ1%xn<z4@we_aaq1\éi,nqtali§@gs%&ble to

di aneter is used, the consunption of dilut

hydr afclcu@nhite 19Cicdntsed 2hed 1iRAAGE SuPP19UighiGAN Ren
decreased. Furthernore, since the first liquid

del i vanytedz ay@rdE lus rikc hicied used @l iavercrddsquiiduii is
the rotational direction of the 15 wafer W the

r el adeldvieirgdi tov@leadioryr et ctdergeas@bnseduerallyy, in spite
suppressing liquid flicks and/or liquid spread, and

t hus ofi rihei piregemege Sifr &blee sappivintg PiOs tl2e e@risehold pins
hand, there is a fear that the throughput is

decr é@begedivango ags@ whisyciwhadk, qihe Zhigdness pf the
nozzle,havin% a smaller _dianeter and providing _a

smmal P&LAE S Fatd? MGRePEr ACAHFETStle ST liSgliat the

del TG 2L 0 Sl §STHSTA pince sucn

Iflalr My tnga% Z1&C %%‘%'fi'nigq u 4 dehiyery foszl.e fjfsz Jéae‘ﬁ't,”%hae 25

gér “diramet er and providaing a’larger owTrate 1S

consumption of diluted hydrofluoric acid used as a
process liquid can be decreased. Furthermore, since
the first liquid delivery nozzle 21 is inclined to
deliver a liquid in the rotational direction of the
wafer W, the relative liquid velocity is decreased,
thereby suppressing liquid flicks and/or liquid spread,
and thus minimizing undesirable etching.

On the other hand, there is a fear that the
throughput is decreased due to use of such a liquid
delivery nozzle having a smaller diameter and providing
a smaller flow rate. However, after the first liquid
delivery nozzle 21 having a smaller diameter and
providing a smaller flow rate is used to planarize a
film, the second liquid delivery nozzle 22 having a
larger diameter and providing a larger flow rate is

used. Specifically, the second liquid delivery nozzle

22 is set at a position above the center of the wafer W
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used. Specifically, the second Iiquid delivery nozzle
22 is set at a position above the center of the wafer
W24 and is used to supply the process liquid al

over the wafer Wto pronote the etching.

Consequently, it is possible tg etch the oxide film

at a high rate, thereby ninrnifﬂng'decrease in

throughput. 5 In the exanpl e descri bed above, when the

process |liquidis delivered, the first liquid

del I yery nogzle 21 s Toved.f v scanning LOMNG o, the

.4
peri pheral” edge o toward

elivere first

cente

r,

whi | f ' e Co
' %atflé% W .thr [p\sé/o'tlno% t gr Q_.th%t %cli. g’h 1?#% ev %o%%el%&@&w €it is

process |iqui

del i plikima2zle 2% MY hRe oxTRieed M@ 3CANMiIRG @@, t Reereby
center of the wafer W toward the peripheral edge,

whi | @iiheiwahes débreaskotial @throflgh@uitn this case,
traveling velocities of the first [iquid delivery
nozzl e 21 Ivettleerxddie lel Bawaidedd \wdud , mwHarc kies process

detection points are calculated. This calcul ati

on can

be pénfjoridedsbyed ivetriedd diheclfdsed ilnqguadagiedplvedy nozzle
line 32 to paragraph 9, line 57 in US. Pat. Pub. No.

6, 0981233, moved: dazhissgandhaniirem &he perdpperatleg¢dge of
herein by reference. This 20 |atter exanple provides
the §8fevefract &overs: the CFetefror W&l lox &S watmaxi, is

an explanatjon w |l be given of case where ., the .
oxi dEOFAAE10 TRag SYeTSie. SRSPed 5 SFESERon THABA ds

As d .1 bed .ab , .he fil.mt.hick
25 BT RRCr i ShRe S eindor s b FRa Ty

%q %%y be

po'”h%ved for scanning from the center of the wafer W

toward the peripheral edge, while the wafer

W is

rotated. Also in this case, traveling velocities of

the first liquid delivery nozzle 21 between

the

respective film thickness detection points are

calculated. This calculation can be performed by a

method disclosed in paragraph 8, line 32 to paragraph 9,

line 57 in US. Pat. Pub. No. 6,096,233, the

teachings

of which are incorporated herein by reference. This

latter example provides the same effect as that of the

former example.

Next, an explanation will be given of a case where

the oxide film 110 has a cone-shaped projection profile.

As described above, the film thickness is measured by

the film thickness sensor 5 at a plurality of points

between the center and peripheral edge of the wafer W,

to obtain a profile of the film thickness.

As a result



10

15

20

25

bet ween the center and peripheral edge of the wafer W
to obtain a profile of the filmthickness. As a result
- 25 of the neasurenent, as shown in FIG 6, if the
oxide film2110 fornmed on the wafer Whas a thickness
smaller at the peripheral edge _than at the center,
which defines a cone-shaped‘pr@ﬁecfion profile, the
etching 5 process is perforned in accordance with the
steps shown in FIGS 7A to 7E At first, as shown in

Fl G A ‘Q‘ ‘nﬁa %T%%l% n]c I1|nml-"IIt(]_-J, Cl%nes eI oxide

det e€ |on p0|n betmeen the pérlp &5

edge 3R gq?t %'brglfedt e va;&f el;ﬂa%frl% by %Y%L'tt@ﬂlcknes smaller

velocitie to vn t he I qui

del i yer ‘ih@oéélreip%l;rl&qt weieR tthl%.nr SRV VRN $yhiRHe
cal culated to perform planarization by etching wth

et chideg iageuat soXke -khaged btroglé@ttll@nb%xr&tle_é e dtthing
this case, the traveling velocities thus cal cul ated

are proused iis beefpuield dt Walcordanis M.t &fhe steps shown
because the etching is first uniformy perforned al

over inh&IGSI.M7A &rd7Es then perfornmed by use of

differences in timng for supplying purified water

used as adti Ainsg /| dguisdrownThins FF@ .c Pat ivirtlc areflsrence to
perfornmed by a nethod based on 20 the correspondln

bt hoBeaT4aTobba CkAoaS, dPEECtPES. PRINE S F3de te¥n 't fhetween
teac?bngs of, |c§ ar.e incarpor at ed hereln by

refe ﬁceerﬂ? T aks COHBWAT CERGST7RE EhE ¥aceTd W

O B P Tk PR O o

in thhuld delivery nozzle 21 between the respective points
are calculated to perform planarization by etching with
etching amounts X1 to Xn. It should be noted that, in
this case, the traveling velocities thus calculated are
used in the purified water rinsing step, because the
etching is first uniformly performed all over the film,
and is then performed by use of differences in timing
for supplying purified water used as a rinsing liquid.
This calculation can be performed by a method based on
the corresponding method disclosed in US. Pat. Pub. No.
6,096,233, the teachings of which are incorporated
herein by reference.

Then, as shown in FIG. 7B, the second liquid
delivery nozzle 22 is set at a position above the
center of the wafer W. In this state, as shown in FIG.
7C, while the wafer W is rotated, a solution of diluted

hydrofluoric acid is supplied from the second liquid
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7C, while the wafer Wis rotated, a solution of
diluted hydrofluoric acid is supplied fromthe second
liquid 26 delivery nozzle 22 onto the wafer Wto
uniformy etch the oxide film 110. After the etching
is perforned by a predeterm ned anmount, the second
liquid delivery nozzle 22 is réfreated, and the first
liquid delivery 5 nozzle 21 is set at a position above
the end of the wafer W Then, as shown in FIG 7D

whi | %lethgfe %%z?g]_.e: ézr %%%toe@’ et hw%ffeirr % tloi ql%'l%&!iﬂ]%g etch

delivery nozzle nmoved fT'or scanni ng towa

cent g, WM : ,QGy ti e - 1
bovenehaldNTAIEIA0 || A cdt! A Leah {0l W cormed by

a Ii BSieddt@iind el adRhunter @t Is@mdrke 1fiigisla ldeauié ry
delivery nozzle 21 to sequentially stop the etching.

W t h nidziz9 eOper dis @it resitRel e ehehifigsts liquid delivery
sequentially stopped froma position corresponding to

t he ewctzde he iwafsert atwar ¢hoks tilon abotver thichernet ofi e
is pronoted at the nost at the center of the wafer W

| n | wgiferoW .t hiThent, hassslwominngn FalGoci7Dy ehitllee thier stafer W
l'iquid delivery nozzle 21 is suitably controlled to

pl andsi zetaedoxitde fillmpt ddquikadelieeayi dozizllem211d s

is processed to have a uniform 20 thickness. At this

ti meMOMeE &OthiSFGHNd NSoYOWGISe §heo Co8tsy atith the

predet er m.ned positi.on of the oxi.de film 110 _by the _ .

S candiGoof L66r CPEaIARe: &F FESTEARE D RENE 11 PRFing this
l'iquid_del.ivery nqzzle 21. Then, the supply .of D iq s
pur' A er B ERe PP, Ton PR R BARhiRRe A quid i

nozzb%1%%e&%ds%qg&e@hea@qr%Qelﬁhﬁih delivery nozzle 21 to

sequentially stop the etching. With this operation,
since the etching is sequentially stopped from a
position corresponding to the end of the wafer toward
the center, the étching is promoted at the most at the
center of the wafer W. In light of this, the scanning
velocity of the first liquid delivery nozzle 21 is
suitably controlled to planarize the oxide film, so
that the oxide film 110 is processed to have a uniform
thickness. At this time, the etching is controlled to
stop at a predetermined position of the oxide film 110
by the scanning of purified water provided by the first
liquid delivery nozzle 21.

Then, the supply of purified water from the first
liquid delivery nozzle 21 is stopped, and the first
liquid delivery nozzle 21 is retreated. Then, as shown

in FIG. 7E, the second liquid delivery nozzle 22 is set
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liquid delivery nozzle 21 is retreated. Then, as shown
in FIG 7E, the second liquid delivery nozzle 22 is
set - 27 at a position above the center of the wafer
W In this state, purified water used as a rinsing
liquid is supplied fromthe second |iquid delivery
nozzle 22 to conpletely ter M ndt’e the et chi ng al

over the wafer W 5 Wth the steps described above,
the oxide film110 is planarized to have a

predgtermned LRSS AU diNg Ji0 Il Sa90GPS: 1n cnis

fIrrst, "thé Second 1iqui I'very noz havi n
ala di el _an idi | ar:ges; 1
isedrareroR the oy 48 o LS ys e cadAe s

dept Bupphiiled FRAL *ihRl RG I AARRrishaRAA 8} eF4AR 22 to
profile. Then, the first liquid delivery nozzle 21

havi agmp 1etRllher ctimifRiter tded etyhavigdiald averldiey wafer W.
flowrate is used to stop the etching sequentially

from a po$iitthon heo retegyso il sy itbee dl mddves entheofoxitee £ilm 110
waf er W Consequently, it is possible to accurately

cont iel pllhaariigedd toupygivie poipredededntimesl thg ckness.
accurately control the thickness of the oxide film

110 at thégsexmdimer do fdvits Rrasiesshe ataffarray. ithespqeend

of the presence of the support pins 12a _and hold pins

20 138WEAIOFg 1¥STY REPEL S rEcRAVERG Rerlargsc diqpatey and

1022 0 %, TS, AT, B B il e omiae

Furt BSARP 0 Bh0ee IR L Myt ! it sl 20

dire %‘bh%rl s‘ﬂfaptelae p%fj%rc £Wort Ifa%orfql g .i v %‘ﬂeirﬂu it‘%eV q_J ﬂ:%’tt Miquid
delivery nozzle 21 having a smaller diameter and
providing a smaller flow rate is used to stop the
etching sequentially from a position corresponding to
the end of the wafer W. Consequently, it is possible
to accurately control the liquid supply point, and thus
to accurately control the thickness of the oxide film
110 at the peripheral portion of the wafer W, in spite
of the presence of the support pins 12a and hold pins
12b serving as a wafer chuck. Further, since such a
nozzle having a smaller diameter is used, the
consumption of purified water can be decreased.
Furthermore, since the first liquid delivery nozzle 21
is inclined to deliver a liquid in the rotational
direction of the wafer W, the relative liquid velocity
is decreased, thereby suppressing flicks and/or spread

of purified water, and thus minimizing deterioration in
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i s decreased, thereby suppressing flicks and/or spread
of purified water, and thus mnimzing deterioration
in 28 the uniformty of etching due to uneven etching
st oppage. The present invention is not limted to the
enbodi nent descri bed above, and it may be nodified in
5 various manners w t hout depar@|ng fromthe spirit or
scope of the present invention. For exanple, in the
enbodi nent descri bed above, the first liquid delivery

nozzl e 21 a duLerys R
separta eluﬁllg%sr%@g:g’g%flbl?&lghﬁ %e nozz%esu%rzreé'le%b%?tfg{l%g
|nte%r%&ﬁg9% di sposed in one nozzle holder 80, as

sho G. 8. Further, additional nozzle may be

used for @l iplerddg qd\}eqwldxprug%fototmhéé@rtct hehe
film dissolving process liquid and rinsing liquid. In

the caiFeadimERitt Jdesatideer aderns, atldl O Gy ideNnicdiEied in

target 15 filmfor a dissolving process (etching), but
anot Rerridud Mansiets ad thoutt degafdilng drowettdle fddimit or
may be processed in the sane way. The process liquid

is ecops idii édebyp reidemted nveartafdruor iForacxhmglig, in the
another liquid may be used as long as it can be used

for amEeddinesd] desy ibece sPovEhe tayspdristals ldentid Ised ivery
above is prOV|ded with a filmthickness sensaor

di sp&eEFlenérleiard S‘ﬁﬂor{%éwl&ﬁi@ésw(ﬁrya T3 7heed? e

nmeasur ed out i de the paratus and then stored.in the
st or FG@IFGHS ndf@;gosqg ?’ﬁ’é"r A93R L ddele

sensor |s n ndi spensabi e, 25 and a .di ss in
pr océ %ﬁéilﬁ'er SERET T ATaSEST dSfES S L sRaladyt %0, as shown

in FIG. 8. Further, additional nozzle may be used for
delivering a liquid or gas other than the film
dissolving process liquid and rinsing liquid. In the
embodiment described above, an oxide film is a target
film for a dissolving process (etching), but another
film, such as a nitride film or metal f£ilm, may be
processed in the same way. The process liquid is
exemplified by diluted hydrofluoric acid, but another
ligquid may be used as long as it can be used for a
dissolving process. The apparatus described above is
provided with a film thickness sensor disposed therein,
but the thickness of a film may be measured outside the
apparatus and then stored in the storage portion 103.
Further, the film thickness sensor is not indispensable,
and a dissolving process may be performed in accordance
with empirical values conventionally known. In the

embodiment described above, the target object is



with enmpirical values conventionally known. In the
enbodi nent descri bed above, the target object is 29
exenplified by a sem conductor wafer, but it may be
anot her substrate, such as a substrate for flat pane
di spl ay devices (FPD), a representative of which is a
gl ass substrate for liquid crys@§I di spl ay devices 5
(LCD). 30 - What is clainmed is: 1. A liquid processing
apparatus arranged to planarize a filmon a substrate

by suppl vi;ng .o the  fi.lm rocess Jdiquid.far

o ssSeeg A B B R S Tl A gy be

t he ivSj NQ.. tr l-dj ATeher

conf AARHER ST Tl B R Bt oy g A€ panel
hori zantAlaySiRbA ced F@Ed) 0 TRENVVSHPLART B hil® is a
rotate the  substrate holding ménmber; and 10 a I'iquid
SUPPlg a¥RC RABsTPLRN figuNadiidl T4RA 1L E splleceRsSrices
liquid onto a surface of the substrate, wherein the .

li quid.ceuppl y mechani smincludes a first liquid

delivery nozzle and a second liquid delivery nozzle,

whi ch are configured to deliver the 15 sane process
liquid, the first liquid delivery nozzle has a smaller

di anmeter and provides a smaller delivery flowrate, as
conpared to the second liquid delivery nozzle, the

first liquid delivery nozzle is inclined to
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20 deliver the process liquid in a rotational
direction of the substrate, and is novabl e between a
center of the substrate and a peripheral edge
thereof. 2. The liquid processing apparatus according
to claim1l, further conprising_a filmthickness

.sensor 25 configured to detéct 30hi cknesses of the

film and a control mechani smconfigured to contro
traveling of the first liquid delivery nozzle or the

second liquid - 31 del 'ﬂ/;{yigo%ﬂfm%@ f\%por dance wth
e TITm

filmthi cknesses detected by t i ckness

sensor. 3., Theg li;quls Cessi; t '

to clai mli, \%hérlgﬁr?@t E{er%fi rsth%l qgiig %e | vza%rgjzéz}?eto

is plaRekipedab¥iam andke sfbst?alt® B shppiRardd @Hd the
processi ng apparatus according to claim f wherein

the Eilst al bgbicedsdelliivyaiy Fo#zlde skad v ngditdieetran mfvhile
0.2 to 2 nmand provides a delivery flow rate of 20

to 2e@0tatingnthé0sbhbsthatki, qithe pppeestiuzg cappariatig :
according to claim1l1, wherein the second liquid

del i very mozzbsthrase aodidimgt eemifer3 comBguneghdo rotatably
provides a delivery flow rate of 300 to 2,000 nl/mn.

6. ThelR §hedspbeE&asendnappacsigeonsedosdiatgito 15

claiml1, wherein the first liquid delivery nozzle and
the secon@ FPHEEd “HeMerdapissy, soatdcurss &q fit@te the

O SPERBSn <R ThAE BEGBERS: BRPRoL U o anoed, (o

a liquid supply mechanism configured to supply the
process liquid onto a surface of the substrate,

wherein the liquid supply mechanism includes a
first liquid delivery nozzle and a second liquid
delivery nozzle, which are configured to deliver the
same process liquid,

the first liquid delivery nozzle has a smaller
diameter and provides a smaller delivery flow rate, as
compared to the second liquid delivery nozzle,

the first liquid delivery nozzle is inclined to
deliver the process liquid in a rotational direction of
the substrate, and is movable between a center of the
substrate and a peripheral edge thereof.

2. The liquid processing appératus according to
claim 1, further comprising a film thickness sensor
configured to detect thicknesses of the film, and a
control mechanism configured to control traveling of

the first liquid delivery nozzle or the second liquid
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20 filma process liquid for dissolving the filmwhile

rotating the substrate, the apparatus conprising: a

substrate hol di ng nmenber configured to rotatably hold

the substrate in a horizontal state; a rotation

mechani smconfigured to rotate the 25 substrate

hol di ng nenber; and a quuid'suﬁﬁly‘nechanism

configured to supply the process liquid onto a

surface of the substrate, - 32 wherein the liquid

SUppld%qu(‘/ I} ook Cli&lld%.sé&%rgfl rcsét wlilt‘illl'“qul(%jneltI Vi%ﬁ(%lesses

nozzle an second I qui el'ivery nozzle, ich are

conf I QWA o pynichalinhy ciglhnelss! Rensppe process

l'iquid and the"same rinsing 5 liquid, the first

l'iquid del3|.ver@h@qzi?ﬁ_dw%&e%@alﬂgerapﬁ Lh@Yding to

provides a smaller delivery flowrate, as conpared to

the sqeqrdil,i quiedtedel ither ¥ iReZZN8 qulikie delliseryi @dizdle is

delivery nozzle is inclined to 10 deliver the process

| i quiithalinadr byakinoraalglel ECisOrc0f75°t.he substrat e,

and i s novabl e between a center of the substrate and

a peri phedal &dge lilgpricbfprd®eskiad iagyiad ainec essicngling to

apparatus according to claim7, further conprising a

fi | mcdRilek des yheardor thes figsti duged &t deddveey nozzle has a

thi cknesses of the film_ and a control nechanism

conf Fgaredero ofoRt-PoltCt Rald ARG BroviRest gr delivgaivd £low

delivery nqgzzle or the secgond liquid delivery nozzle

in aE@EFdQ%c@OWFthpPIWP(WF@knesses detected by the

flIﬁ]tth%ﬂeS%hig %%&id processing apparatus according to
claim 1, wherein the second liquid delivery nozzle has
a diameter of 3 to 5 mm and provides a delivery flow
rate of 300 to 2,000 mL/min.

6. The liquid processing apparatus according to
claim 1, wherein the first liquid delivery nozzle and
the second liquid delivery nozzle are integratedly
disposed.

7. A liquid processing apparatus arranged to
planarize a film on a substrate by supplying onto the
film a process liquid for dissolving the film while
rotating the substrate, the apparatus comprising:-

a substrate holding member configured to rotatably
hold the substrate in a horizontal state;

a rotation mechanism configured to rotate the
substrate holding member; and

a liquid supply mechanism configured to supply the

process liquid onto a surface of the substrate,
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20 9. The liquid processing apparatus according to
claim7, wherein the first liquid delivery nozzle is
inclined by an angle of 15 to 75. 10. The liquid
processi ng apparatus according to claim?7, wherein
the first liquid delivery nozzle has a 25 dianeter of
0.2 to 2 mm and provides a déli@@ry'TIOM/rate of 20 to
200 mL/mn. 11. The liquid processing apparatus
according to - claim7, wherein the second liquid

33
delivery n dj. anet f t / nd
Erz ovi de)s/I a de eﬁ\}'{;?c;lef ﬁpl%lﬁ:ggtsg{p&fl%Srt?c‘t%oa%%g{hrﬁ_]lurﬁ % @
: i gyi g qfﬂgg C
cIaiﬁ??ﬁtmggfg?ﬁfgﬁgﬁﬁﬁéga iq&%ﬁgggf%bg%gk%%%é?%géiﬁj

the sieaardrhi aidizdidel WAk %Q%?'c%rﬁfri‘:‘%ir@c?g:rcﬁté%ﬂj%hably
di sposed. 13. A liquid processing nethod for

di ssaleViiRv@ra thid Igainen provdesd Nalgiky ahdPreretLid Nethsing
process liquid 10 while rotating the substrate, by

use dfigaidd,rst liquid delivery nozzle and a second

liquid delivery nozzle arranged such that the first

l i qui d deltiheerfi nedz Zligrhias ded isreatyt evozdilardtasy aarshaller
provides a smaller delivery flow_ rate, as conpared to

t he ségprger gudd rgeviigesy ansralder e ldvemhd lidw siate, as
liquid delivery nozzle is inclined tq deliver the

pr ocESTPRIEH §9 Fhe secardbddiaudid detlilyig ot nagde .

substrate L1 ol SorprUS A PRt ig Ul (LIS g .

dire%%h%@e%ft %epg%gggkﬁﬁ%q%ﬂ H%.%?go Ytional direction of
the substrate, and is movable between a center of the
substrate and a peripheral edge thereof.

8. The liquid processing apparatus according to
claim 7, further comprising a film thickness sensor
configured to detect thicknesses of the film, and a
control mechanism configured to control traveling of
the first liquid delivery nozzle or the second liquid
delivery nozzle in accordance with film thicknesses
detected by the film thickness sensor.

9. The liquid processing apparatus according to
claim 7, wherein the first liquid delivery nozzle is
inclined by an angle of 15 to 75°.

10. The liquid processing apparatus according to
claim 7, wherein the first liquid delivery nozzle has a
diameter of 0.2 to 2 mm and provides a delivery flow

rate of 20 to 200 mL/min.

11. The liquid processing apparatus according to
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20 the process liquid onto the film thereby

uni form zing thickness of the film and then causing

the second liquid delivery nozzle to supply the

process liquid onto the film thereby further

di ssolving the filmto a predeterm ned 25 thickness

whi | e nai nt ai ni ng unifornity'in3?ilﬁ1 t hi ckness. 14.

The liquid processing nmethod according to - 34 claim

13, wherein the nethod further conprises detecting

thic es, 0 i < | ural J . .RQI in

o SR gt ety el ms P 3 Me1 MY g1t nas
thi clenessmar@hd be af Lhe fd mn r%l'\‘/i'd%éj%e(éieth]v%ry £low
cause the first liquid delivery nozzle to travel. °1

The Irdaglei d£PREEESS RY ot hedmaecording to claim 13,
wherein the first liquid delivery nozzle is inclined

by an anglie.of The 11d qiid ProcHi® indlEphafaGfsdibrding to
met hod according to 10 claim 13, wherein the first

i quicdadel i7vemhemein ¢hkasiratdildnetier defl ived vt mazzba and
and provides a delivery flow rate of 20 to 200

L/ mthe $ecoTde ligydidd deldvesyi mgz@éehedeadodedinag eddy
claim 13, wherein the second liquid delivery nozzle

has dispPgsgidaneter of 3 to 5 nmand provides a

delivery flow rate of 300 to 2,000 nL/m n. 18. The _

li qui d pr d@essifng HRiko @ rRcEsSdiNgy MeFhad digr fissolving a
wher LE t he subskr%te is.rotated with a_ rotation —
nurb ﬁ 8fof06 F& f,ﬁﬁﬁerﬁ% a predetermined process liquid

while rotating the substrate, by use of a first liquid

delivery nozzle and a second liquid delivery nozzle
arranged such that the first liquid delivery nozzle has
a smaller diameter and provides a smaller delivery flow
raﬁe, as compared to the second liquid delivery nozzle,
and the first liquid delivery nozzle is inclined to
deliver the process liquid in a rotational direction of
the substrate, the method comprising:

causing the first liquid delivery nozzle to travel
in a radial direction of the substrate and to deliver
the process liquid onto the film, thereby uniformizing
thickness of the film; and

then causing the second liquid delivery nozzle to
supply the process liquid onto the film, thereby
further dissolving the film to a predetermined
thickness while maintaining uniformity in film
thickness.

14. The liquid processing method according to
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20 19. A liquid processing nethod for dissolving a

film which has a profile defined by a thickness

smaller at a central portion than at a peri pheral

portion, on a substrate by a predeterm ned process

l[iquid while rotating the substrate, by use of a first

25 liquid delivery nozzle and a34econd |iquid delivery
nozzl e arranged such that the first liquid delivery
nozzle has a smaller dianeter and provides a snaller

35 deli,very flow rate,.as c red t he second
Iiungalgeﬁ¥VeF§eﬁg%?lgﬁeaﬁ %5%§ %PF%geFiﬁﬁﬁgrégfﬁvery
nozz 1.8 sbncli | i wer the . .proces Hou.g ;i

ot aresestihlr EhiSAnetat OHCER R ARSI ey B
CONPL3hRG: 16AWSHAGikRe dfiidedt ilondWird @@l V@Y B2eZk® obtain
to travel froma peripheral edge of the filmto a

cent gr fliher eaf ckelesa peoifaneobft Rl iflimut,Ovwlich is used to
peri pheral edge thereof and to deliver the process

l'i quicdueet ahkeh€ itdsitml it idheledhyeutyl hoz@lz R travel.
thickness of the film in accordance with the profile

of the fill®. tMe dausiing pree essedoyd retdueidd agedandemg to
nozzle to supply the process liquid onto the film

t her éBpinf i3t hwhediedsolthiend imiss flillawido dglivery nozzle is
predeterm ned 15 thi ckness whil e maintaining

uni f dPFLdpern by pm apEilekRésd> &Rd 7en causi ng t he

e ) R SR e

liqu%ﬁa&&pngiaigk%kggt %efgkg%lliquid delivery nozzle has
a diameter of 0.2 to 2 mm and provides a delivery flow
rate of 20 to 200 mL/min.

17. The liquid processing method according to
claim 13, wherein the second liquid delivery nozzle has
a diameter of 3 to 5 mm and provides a delivery flow
rate of 300 to 2,000 mL/min.

18. The liquid processing method according to
claim 13, wherein the substrate is rotated with a
rotation number of 100 to 1,000 rpm.

19. A liquid processing method for dissolving a
film, which has a profile defined by a thickness
smaller at a central pbrtion than at a peripheral
portion, on a substrate by a predetermined process
liquid while rotating the substrate, by use of a first
liquid delivery nozzle and a second liquid delivery

nozzle arranged such that the first liquid delivery

nozzle has a smaller diameter and provides a smaller
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wherein the“substrate Iis rotate

20 20. The liquid processing nethod according to
claim15, wherein the first liquid delivery nozzle is
inclined by an angle of 15 to 75. 21. The liquid
processi ng nethod according to claim19, wherein the

first liquid delivery nozzle has 25 a dianmeter of 0.2
to 2 nm and provides a delivéry3§|ow rate of 20 to

200 mL/mn. 22. The liquid processing nethod according

to - 36 claim19, wherein the second liquid delivery

nozzl h a di ter. of. 3 to 5 nd .provi des . .
ot T BN AR Olas’ dopagBl AU LSS 1 s quia

'iqub%l&%%&%5§%ﬁ&1%§tﬁﬁ%.%%&Pqu%%:q}ggid”ééfﬁﬁé%y nozzle

rotation
numbels QhclQAdo th GRA iR 2 pAdddid d RAACESH Y
nmet hod for dissolving a film which has a profile

def i e alty challhidakierss drildfe it hells ubstaited| Y idthod

than at a peripheral portion, on a 10 substrate by a

pr edetoampmimddgar ocess liquid while rotating the

substrate, by use of a first liquid delivery nozzle

and a secaruidiinguittheddliingdr yi inprizl elelarreangetmich to travel
that the first liquid delivery nozzle has a smaller

di amégrem gan@epriohieded gdaeanldfethgelfiidar o loowers arattdiereof
as conpared to the second _|iquid delivery nozzle, and

t he PEr &t CERG&ird odeltibfedy lioA @ Pehimtignsdd adge thereof
deliver. the prqcess liquid in a notq%{onal di rection

of ERE LGoSENAVET the REOREECIHIIE PTG g e
SeCOQ%eEE % %nQ%UE%%EﬁnBQ%%H%kE%s%eof the film, in
accordance with the profile of the film;

then causing the second liquid delivery nozzle to
supply the process liquid onto the film, thereby
further dissolving the film to a predetermined
.thickness while maintaining uniformity in film
thickness; and

then causing the second liquid delivery nozzle to
supply a rinsing liquid onto the film, thereby stopping
the process liquid frbm dissolving the film.

20. The liquid processing method according to
claim 15, wherein the first liquid delivery nozzle is
inclined by an angle of 15 to 75°.

21. The liquid processing method according to
claim 19, wherein the first liquid delivery nozzle has
a diameter of 0.2 to 2 mm and provides a delivery flow
rate of 20 to 200 mL/min.

22. The liquid processing method according to
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20 located at a center of the filmand to deliver the
process liquid onto the film thereby dissolving the
filmby essentially the sane thickness all over the
film and then causing the first liquid delivery
nozzle to 25 travel froma perlpheral edge of the
filmto a center thereof and td°deliver a rinsing
liquid onto the film thereby sequential |l y stopping

di ssolution of the film - and uni form zi ng
h f
of chaain meroahersd® b %%%%%?2221 N

accordigGme® e xC o @ 24 3"\"&1%{ and %ﬂefe%og fdkérltlla,%ry flow

conprises; after sai unlforn12|ng, causi ng the

Seco&@tbl%&I@o@eEbVQEbQQOAQ/ﬁle be | ocated at a

center of the substrate and to supply a rinsing

l'iquid, therebyrmenfigfuidgrdddesisitg mEhothaddatdithg to
processi ng nethod according to claim 24, wherein the
firstllhaiquild,dehereriyn nbzzlsabstrate iisclriotededy with a
angle of 15 to 750. 27. The |iquid processing nethod
acconrditag ite neinbiemn 24, 1@fertei A, 08O fpmst |i quid

delivery nozzle has a diameter of 0.2 to 2 mm and

provi des &4del fveiguidowracassisn rethedomidifselving a
28. The liquid processing nethod according to. claim

24, Widfaej Whigd ?é@oﬁdPFpé&ﬁ& @@ﬁlFéﬂybﬁbszQ1ﬁ§§es§ larger
dlane er of and rovi es a del veré fl ow

r at e 3t 2366 633 @86‘: anz@ PhESH&ATd 3 ré’8§§§|°ﬁ’g on &
HEth%%b%%%% %'%% %opredetermlned process liquid while

rotating the substrate, by use of a first liquid
delivery nozzle and a second liquid delivery nozzle
arranged such that the first liquid delivery nozzle has
a smaller diameter and provides a smaller delivery flow
rate, as compared to the second liquid delivery nozzle,
and the first liquid delivery nozzle is inclined to
deliver the process liquid in a rotational direction of
the substrate, the method comprising:

causing the second liquid delivery nozzle to be
located at a center of the film and to deliver the
process liquid onto the film, thereby dissolving the
film by essentially the same thickness all over the
film; and

then causing the first liquid delivery nozzle to
travel from a peripheral edge of the film to a center
thereof and to deliver a rinsing liquid onto the film,

thereby sequentially stopping dissolution of the film
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20 claim 24, wherein the substrate is rotated with a
rotati on nunber of 100 to 1,000 rpm 30. A storage
medi um that stores a program for execution on a
conmputer to control a liquid processing apparatus,
wherei n the program when executﬁg by the 25 conputer
controls the apparatus to peFToP a’liquid processing
nmet hod for dissolving a filmon a substrate by a
predeterm ned process liquid while rotating the 38

SUbStaEﬁt %nll%%rlth‘ci% J_Qlfg ﬁefiicrkﬁeésj %lf' c!:h%eléi\i%{ ydi.qgé%c{jc%rdance

and a second |1 qui ivery nozzle arrande

that fihe cher $lrdriid Goee et nozzl e has a smal | er
di anmeter and “provides a smaller delivery flowrate,

as conpar eg t 0 thd he fEE@HddBE ihflald MRSy WAt ®ing to
and the first liquid delivery nozzle is inclined to .

del i vamiwhe4pr etesein ithd thadthod rfairaiieanonPriemdd Omafter
of the substrate, the nethod conprising: causing the

fi r stsaliidquind fdedmiveamg ,neaaisd g ttheasacontD liirua & aldilalvery
direction of the substrate and to deliver the process

| i quingz@ideo tohdef illopateideagbyp werfremicdi rde tshilgltedss and
of the film and then causing the second liquid o
del i €r pURpdzl @ dnsdighllyi RHE prdeasdy | HHNY tH@sing.
film thereby 15 further_ dissolving the filmto a_,

predet er midfed 1 s BRI SRHETR BSHHRY RRIFHTRG to

in film, thickness. .31. A st.orage .nedi that stores.a .
or ooFARITLR . oYERTE N T4 3 BGimOreL b decriog fosele is
liqu&ﬁcﬁ&%%%?%&n%n angle of 15 to 75°.

27. The liquid processing method according to
claim 24, wherein the first liquid delivery nozzle has
a diameter of 0.2 to 2 mm and provides a delivery flow
rate of 20 to 200 mL/min.

28. The liquid processing method according to
claim 24, wherein the second liquid delivery nozzle has
a diameter of 3 to 5 mm and provides a delivery flow
rate of 300 to 2,000 mL/min.

29. The liquid processing method according to
claim 24, wherein the substrate is rotated with a
rotation number of 100 to 1,000 rpm.

30. A storage medium that stores a program for
execution on a computer to control a liquid processing
apparatus, wherein the program, when executed by the
computer, controls the apparatus to perform a liquid
processing method for dissolving a film on a substrate

by a predetermined process liquid while rotating the
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20 apparatus, wherein the program when executed by
the conputer, controls the apparatus to perform a
liquid processing nmethod for dissolving a film which
has a profile defined by a thickness smaller at a
central portion than at a peripheral portion, on a
substrate by 25 a predeterniﬁed3§r06ess [iquid while
rotating the substrate, by use of a first liquid
delivery nozzle and a second quuid delivery nozzl e

arra %t%:%%% tlil1 uts@e of % 1:lsr 11 qula 1ve ¥‘1ozzle and

nozzle | er diane er and es as

dell\ée@écfdnwl Hlid WGV ohiAe | DL Jdirhe the

delivery nozzle and the first 11 qui el very nozzle

i s i ngligted itR ideldengr el Hy00eS had |d Mdld 1idty Qilameter and
rotational direction of the substrate, the net

COoNPrireividie sC AUSMAG 1leie ddlristeryi Guicl delteveras raurzdaaced to
to travel froma peripheral edge of the filmto a

cent ethet Betcenid 1digqua & elatldrveafy tveAlid, marml ahe first liquid
peri pheral edge thereof 10 and to deliver the process

| i quide:laveayt m@zfzllemis timevldmedurticf clatiizieny the glarmessss

of the film in accordance with the profile of the

fil mligvdd dausi retetd osedod neakdian ¢ff ithe sukptaiace, the
to supply the process liquid onto the film thereby

15 f tethed FERBFMRG the filmto a predeternined

t hi ckness whil.e mai nt |ng unlf ty in fi
t hi ckness a7 ighde: e L Ayt arAS Vg jFravel

nozzlye, Loz cstien! %ne@tqso'nn%é W NN LI Bo getiver
the process liquid onto the film, thereby uniformizing
thickness of the film; and

then causing the second liquid delivery nozzle to
supply the process liquid onto the film, thereby
further dissolving the film to a predetermined
thickness while maintaining uniformity in £ilm
thickness.

31. A storage medium that stores a program for
execution on a computer to control a liquid processing
apparatus, wherein the program, when executed by the
computer, controls the apparatué to perform a liquid
processing method for dissolving a film, which has a
profile defined by a thickness smaller at a central
portion than at a peripheral portion, on a substrate by
a predetermined process liquid while rotating the
substrate, by use of a first liquid delivery nozzle and

a second liquid delivery nozzle arranged such that the
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20 the process liquid fromdissolving the film 32. A
storage nediumthat stores a program for execution on
a conmputer to control a liquid processing apparatus,
wherein the program when executed by the conputer,
controls the apparatus to performa liquid 25
processi ng net hod for dissolVin&ga film which has a
profile defined by a thickness |larger at a centra
portion than at a peripheral portion, on a substrate

by 49 ir@&tP ﬁ-QI%tl%b @eﬁq_%e&;yo 91%%51 1I | %I i u:l\%ln%ﬁlleql @iiarr}\% ter and

the “substrate y use rst ivery

N0zzle ANdesa as%?n%ri‘iéx‘ @ei1d el el negd € A rageded to
such“that the first liquid delivery nozzl'e has a

smal kel dieaBriden idd & JeNa%iedss nd ¥Rl | ehdelheveritst 1iquid
flowrate, as conpared to the second |iquid delivery

nozzlielisedyt hezizilestid iigidild nedeltiovelel iRezz lthd process
inclined to deliver the process liquidin a

r ot atliigmald dir ectriotvatdionialle ddutesttriaie oft ltdhe mefdstcrate, the
conprising: 10 causing the second |iquid delivery
nozzhethodbeompgdstiad :at a center of the filmand to
deliver the process liquid onto the film thereby

di ssol vi ngause ng ithe tfy—r@é'se'lmq%d ;dqlﬁéf%@qaﬂl@méwravel
all qver.the film and 15 then_causi_ng the first

I|qU|J°&eP|P§FﬁpF€f?ﬂeeF@e FF&&@F ffidm & ﬁﬂ%&%ﬂ thereof
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thereby unlformizing thickness of the film, in
accordance with the profile of the film;

then causing the second liquid delivery nozzle to
supply the process liquid onto the film, thereby |
further dissolving the film to a predetermined
thickness while maintaining uniformity in £ilm
thickness; and

then causing the second liquid delivery nozzle to
supply a rinsing liquid onto the film, thereby stopping
the process liquid from dissolving the film.

32. A storage medium that stores a program for
execution on a computer to control a liquid processing
apparatus, wherein the program, when executed by the
computer, controls the apparatus to perform a liquid
processing method for dissolving a film, which has a

profile defined by a thickness larger at a central

portion than at a peripheral portion, on a substrate by
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a predetermined process liquid while rotating the
substrate, by use of a first liquid delivery nozzle and
a second liquid delivery nozzle arranged such that the
first liquid delivery nozzle has a smaller diameter and
provides a smaller delivery flow rate, as compared to
the second liquid delivery nozzle, and the first liquid
delivery nozzle is inclined to deliver the process
liquid in a rotational direction of the substrate, the
method comprising:

causing the second liquid delivery nozzle to be
located at a center of the film and to deliver the
process liquid onto the film, thereby dissolving the
film by essentially the same thickness all over the
film; and

then causing the first liquid delivery nozzle to
travel from a peripheral edge of the film to a center
thereof and to deliver a rinsing liquid onto the film,
thereby sequentially stopping dissolution of the film
and uniformizing thickness of the film, in accordance

with the profile of the film.



