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- 1 - SPECIFICATION Title of the Invention LIQUID PROCESSING
APPARATUS AND LIQUID PROCESSING METHOD 5 Background of
the Invention 1. Field of the Invention The present invention relates to a
liquid processing apparatus and liquid processing method for planarizing
a film on a substrate, such as a 10 semiéonductor 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 sglating dilms 9 15 the surface of a
target substrate, such as a semiconductor wafer (which will be simply
referred to as a wafer, hereinaterpfAshanétmodrfod forming a thin film,
chemical vapor deposition (CVD) methods are utilized. In CVD methods,

where a sbiREIGaFRIEF SidpitedFrihotidide 2NPaftE SR FRMATESSING

forgéba{j process of the batch type performed in a vertical furnace, the
thickness of a film thereby formed becomes larger at the peripheral

portion of the wafer than akdhe gertralpartien hereek i.6n a concave
shape 25 (cone-shaped recess) is formed on the film. Further, where a
filmL foratibd méthodeothertan VD of the batch type is used, the

thickness of a film thereby ‘ o
The present "invention relates to a liquid

processing apparatus and liquid processing method for
planarizing a film on a substrate, such as a
semiconductor wafer, by use of a process liquid.
2. Desgcription 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
gsemiconductor wafer (which will be simply referred to
as a wafer, hereinafter). As a method for forming a
thin f£ilm, chemical vapor deposition (CVD) methods are
utilized. In CVD methods, where a source gas is
supplied from outside a wafer, as in a f£ilm formation
process of the batch type performed in a vertical
furnace, the thickness 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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2 formed may become larger at the central portion, i.e., a convex shape
(cone-shaped projection) may be formed on the film. Where contact holes
are formed in a film having such a less uniform thickness, the diameter of
5 the contact holes becomes smaller at a position with a film thickness
larger than a predetermined value, while 2the-diameter becomes larger at
a position with a film thickness smaller than the predetermined value. If
the diameters of the contact holes are different, a problem 10 arises in

tha the product yield is decreased. Asat hnigue tos Ive thls problem
tf FP%S amyggﬁggisfafgﬁoses thl‘Ce ollogwmglfe rrr)que o

Speplf&efhlye@t fiyshdhe thigmessiof gfilm, sush asiam pxide:filbe farmeage
on a semiconductor wafer is 15 detected at least at the peripheral and
central tgortidrid of. theWhmr Fhepnibaccoldanee witte ditection signasfilm

the film js planarized upplying_a process liquid (for exa
hy dPGRSHE asa&hscﬁuriﬁﬁﬁhm SHiTed Pty e f.ﬁﬁ%neﬁlﬁf@%r of

Waf@ﬁe“c@%&%@@ E@Sl"&%feﬁésc@&?é‘éd <WoHe 8,.nozzle for SUupplyind ihe -y, 5

process liquid Is moved from the peripheral portion to the central portion

of tiie 1waferikdRwever, aseeiding-todhedeghnique disalosed inadmbS.while
Pat. Pub. No. 6,096,233, liquid flicks occur at the peripheral portion of a
wafehfedi anrafer cREkade sholditg e dafer. Conssdeentiyi Bipracdssim

liqui
qu Q%ness smaller than the predetermined value. If the

diameters of the contact holes are different, a problem
arises in that the product yield is decreased.

As a technique to solve this problem, US. Pat. Pub.
No. 6,096,233 discloses the following technique.
Specifically, at first, the thickness of a f£ilm, such
as an oxide film, formed on a semiconductor wafer is
detected at least at the peripheral and central
portions of the film. Then, in accordance with
detection signals, the film is planarized by supplying
a process ligquid (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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3 be unevenly supplied onto the inner area of a film on the wafer, thereby
deteriorating the uniformity of etching. Further, at the peripheral portion of
the wafer near the wafer chuck, liquid supply is disturbed 5 by the wafer
chuck, thereby deteriorating the uniformity of etching, i.e., lowering the
accuracy of the film thickness. In addition, since the process liquid is
supplied while a nozzle for supplying the process liquid is moved for
scanning, the process 10 liquid consumption is large. Accordingly, it is

alsger%ﬂlﬂérggﬁgg g ) itgﬁ p&g(&%sscnglqﬁgrg:wg@té%ogrlgf film on

Summary of the Invention An object of the present invention Is to provide

a lipid pECGesSingrappestusansliquid piocessing Ammetiod that ean
accurately dissolve a film formed on a substrate, even near the outer
edge ohihessubstrarthAnethel oblet B thcopresant ipoalRtiomisad the

provid aIi%uidfrogtessin%%pa?t%angfy%uid processing method tng od

carRafty BE@tiorAte tHE *50 uRitoiPity orSdisSov IR Irocass das 1

progess Hiauid, #icks.Anpiher phiectaf thgresantiaventiondgdo provide

a liquid processing apparatus and liquid processing method that can

decraafe thel process diguidi 25 consaemptibpwandthgr ohjecthof-theacy of

present invention is to provide a storage medium that store a program for
the film thickness. In addition, since the process
liquid is supplied while a nozzle for supplying the
process liquid is moved for scanning, the process
liquid consumption is large. Accordingly, it is also
required to decrease the process liquid consumption.

Brief Summary of the 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
gsubstrate, 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
liguid flicks.

Another object of the present invention is to
provide a liquid processing apparatus and ligquid
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



4 - performing any one of these methods. According to a first aspect of the
present invention, there is provided a liquid processing apparatus
arranged to planarize a film on a substrate 5 by supplying onto the film a
process liquid for dissolving the film while rotating the substrate, the
apparatus comprising: a substrate heldirg member configured to
rotatably hold the substrate in a horizontal state; a rotation mechanism
configured to 10 rotate the substrate holding member; and a liquid supply

mech%r%JgrP cl%nfiggred o, %u%q:lyg eeggnceg%ﬂi&lilisd onto a surface of the
subfstra e, Wherain the ?lquid supply mechanism includes a first liquid

delivery nazzle andassecond linuidsdeliver: pezze, thahigh-atnt
configured to deliver the same process liquid, the first liquid delivery
nozzterhas asmaltdraiamétercamy prsddes d smalldr delvesy flonaate,
as compared to the second liquid delivery nozzle, the first liquid deliver

no AR A B PIoRIRER tHePpROtEES B0 TGUR! i =tPotaRoral THRERGH bF
thesubsirals, andy ismpuable bepyesn 2 qenteralane sybsateind a

peripheral edge thereof. According to a second aspect of the present
invelitiary 1hareds previded m liguidl processing 25 apparaiussaranged tohe
planarize a film on a substrate by supplying onto the film a process liquid
for 2RESEIGIRE ThE AR WHHIEBtatifgIHe ShBdFaeh el ing 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, wherein the
liquid supply mechanism includes a first liquid
delivery nozzle and a second ligquid 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 ig 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 liguid 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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5 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 5 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 switchably deliver the same 10 process liquid and the same rinsing
liquid, the first_liquid delivery nozzle has a smalley diameter and., provides
2 SAETIET ATvery Tt Tafe, S comparsd o ihe 2eeond Tauid daivery
nozzig the dirstdiquid deliverydiozzledsdnelineddasletiverthe progess 15
liquid in a rotational direction of the substrate, and is movable between a
centerdfzbetsubstrate-and a petigherahe dgethendsinAccortiirgyteed thied
aspect of the %resent invention, there is provided a liquid processing

meti R 90 fbPaisSBRAT A fifin BR LS5 RIEE 5 pradidtetmindh -3
Progess, hiqu iﬂé’&*ﬂhenﬁ%?&i%@?i%ﬂ@%ét%’y%‘?ﬁga first ligpiddeliyery

nozzlé and a second liquid delivéry nozzle arranged such that the first
liquid delwepnnrorzie bas fesrsalef didvaeteriancprovidesiac2z smatlre
delivery flow rate, as compared to the second liquid delivery nozzle, and

thelfirsiliefic HelNery "Eo A isSclineeLiecdddiver fhesrocédsiiddid in a
delivery nozzle and a second liquid delivery nozzle,
which are configured to switchably deliver the same
process liquid and the same rinsing liquid, the first
ligquid delivery nozzle has a smaller diameter and
provides a smaller delivery flow rate, as compared to
the second liguid 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 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 liguid delivery

nozzle is inclined to deliver the process liquid in a
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6 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 5 uniformizing
thickness of the film; and then causing the second liquid delivery nozzle
to supply the process liquid onto the-filmg thereby further dissolving the
film to a predetermined thickness while maintaining uniformity in film
thickness. 10 According to a fourth aspect of the present invention, there

s proyided g ligidigrocessing method for dissolving a film, which fias &
profile defined by a "thickness smaller at a central portion than at a

peripheral POrtiQN, ka suhstratedyra predeterningd la precspsdighid e to
while rotating the substrate, by use of a first liquid delivery nozzle and a
secbnéviglidi deliverydiorkledarargedsucit thah thesfilss tiqaidedeliviéry o
nozzle has a smaller diameter and provides a smaller delive%;slow rate,

as C5mpHfet (e RECGRE 20Nt GeRRY nBE‘_fleféil_JrB‘thet fﬁ&lﬁd

resing OT e SUbaale, e Tethon Sampra! CAlSng T fiek e

delivery rezzetd Itayel foaea pedpherad edge of thesflilppioa erates2Scess

thereof or a center of the film to a peripheral edge thereof and to deliver

the breEEsS IRfLP obtethBiffimh, thersbsuniformiziey tidlareas oftbe il

in film to a predetermined thickness while maintaining
uniformity in film thickness.

According to a fourth aspect of the present
invention, there is provided a liquid processing method
for dissolving a f£ilm, 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
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



10

15

20

25

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 film to a predetermined thickness while maintaining 5
uniformity in film thickness; and then causing the second liquid delivery
nozzle to supply a rinsing liquid onte the&Zfilm, thereby stopping the
process liquid from dissolving the film. According to a fifth aspect of the
present 10 invention, there is provided a liquid processing method for

dssohingalim wich o2 piolle deined bua BkIess AIGeL3(A 1 ng
e

central portion than at a perl era pOI'tIOI’] onasu strate

pregleterginesh Proeess houid Whilergtatingihe Sdbst&%iﬁpby Uﬁﬁ@f Bbctess
first liquid delivery nozzle and a second liquid delivery nozzle arranged
sucrithiat theofirsplidiid  délivery hbzzietasiasrhbker dlametdramy the

pro s a smaller delivery flow r te as compared tp_the second liguid
v el Bty st ol el et
theﬂ?ﬁ%ﬁk‘l‘{}d {nasrotatienal 5‘1’!&8@%‘1 ofLthg substrate, the methed
comprising: catising the second liquid delivery nozzle to be located at a

centerohthelfilopant teddlivervthaquradesstliguid:pptbythe fimnthateby
dissolving 25 the film by essentli‘gﬁthe same thickness all over the film;

and #BH Ca i@ tHe first idild delifdis o3 eCRP tradelfRSm RIS Rsteral
ed%%&ﬂ?ﬁ”??UQ dissolving the film.

According to a fifth aspect of the present
invention, there is provided a liquid processing method
for dissolving a film, whicﬁ has a profile defined by a
thickness larger 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 1s 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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8 _ 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. 5 According to a sixth
aspect of the present invention, there is provided a storage medium that
stores a program for execution on a eomputer to control a liquid
processing apparatus, wherein the program, when executed by the
computer, controls the apparatus 10 to perform a liquid processing

method for dissolving.a film on a strate by a predetermined, process
U e G Bt by Mo BAFTAd Qemarnsne te

and:a secongh iquid\delivgnenezzle wrw@%ﬂk@@ thathsifirstiliswid s the
delivery nozzle has 15 a smaller diameter and provides a smaller delivery
flovf rate, msdompdrednto zhesetdnd houad detiferyhmozile] mandithe first
liquid delivery nozzle is inclined to deliver the process liquid in a rotational

Qire_%ﬁﬁﬁﬁaﬂ%‘éesu‘ﬁ%ﬁ}été?kfﬁe mﬁ&&‘éoﬁ%rigﬁ’m@: €4d8ng the first 20
liquid del'Vﬁ%QgéZ_ﬂﬁéso fravel 'Qi@%g'%l rection, of the S#Pété% rand to

deliver the process liquid onto the film, thereby uniformizing thickness of

the fileeantdhen Cagsingitbesesonddquid delivergrozzéeitausupphtthe
process liquid onto the film, thereby 25 further dissolving the film to a
predete¥minal Bickress Whalle Emstamhsgusiformigondivhethicknessnt rol

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 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 liguid 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 ligquid onto the film, thereby
further dissolving the film to a predetermined
thickness while maintaining uniformity in £ilm

thickness.
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9 _According to a seventh aspect of the present invention, there is
provided a storage medium that stores a program for execution on a
computer to control a liquid processing apparatus, wherein the program,
5 when executed by the computer, controls the apparatus to perform a
liquid processing method for dissolving ao 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 10 liquid while rotating the

substrate, Zpé( s dgf nrz?gfiq:scg I@_Jguéd glfeelivt ry ng%alg angl 1§%%ondrli%uigl c
delivery nozzle arranged such that the first hpquu%de ivery nozzle has a

smaligriameier angkpiovidesm-sRiatiers dglivery flaverate.as.eorppated
to the second liquid 15 delivery nozzle, and the first liquid delivery nozzle
is indlined 20 etivectherprécasslitpaid i amrotationat diresticrroftthecont rol

substrate, the method caomprising: causing the first liquid delivery nozzle
to Tt RSETAEIGPERRE it 1o WESTar 26 Her8oPara™

cener-of thedimdaa perinheLaledas, thereotand io.deliver dhe pracess,,

liquid onto the film, thereby uniformizing thickness of the film, in
accordarcefwith the prafile 6f theditens themcausttgdhe secand dgliding a

delivery nozzle to supply the process 25 liquid onto the film, thereby

furthér Bisslirgfthafiln? tdd pdd&teffiheadrickie ss white Fsftaining

umg%gT¥g}ﬁg@t@c@g%%%ggdé@% g%%ﬁ@%ggaat a peripheral
portion, on a substrate by a predetermined process
liguid while rotating the substrate, by use of a first
liguid 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
therecf or a center of the film to a peripheral edge
thereocf and to deliver the process liguid 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
liguid onto the film, thereby further dissolving the

film to a predetermined thickness while maintaining

uniformity in f£ilm thickness; and then causing the
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10 second liquid delivery nozzle to supply a rinsing liquid onto the film,
thereby stopping the process liquid from dissolving the film. According to
an eighth aspect of the present 5 invention, there is provided a storage
medium that stores a program for execution on a computer to control a
liquid processing apparatus, wherein thé program, when executed by the
computer, controls the apparatus to perform a liquid processing method
for dissolving a 10 film, which has a profile defined by a thickness larger
at a,central portion thap.ata petibheral portion, on, 3, substrate by.a
preﬁetermmedlgrocesseﬁquid while rotating the suB&raﬁe, by use of & first
liquid felivennrezzie and s seconddiguid, delivepy, nazzle 1o yrangass
such that the first liquid delivery nozzle has a smaller diameter and
proVites isdshather delvepl fidwaratécastédmpared to the second liquid
delivery nozzle, and the first liquid delivery nozzle is inclined to deliver

the proce<sIRREGTE r5QtiBRardEtiBn H728 The SbSPaeP RS Rthod
comprising:; capsing, the, second liquid deliverynozzle tq heslncated.at.a

center of the film and to delivér the process liquid ofito the film, thereby

dissalvingdhe filpdyyressentall\ethecsamerthisknessathpveethetfimeandrol

then causing the 25 first liquid delivery nozzle to travel from a peripheral
eddge e HimRbACeSRERthetBERaiRIo° deaEeARsifig fiqRiEcsitathe
mnagggEQXecuted by the computer, controls the apparatus

to perform a liquid processing method for dissolving a

film, which hag a profile defined by a thickness larger

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 ligquid onto the
film, thereby dissolving the film by essentially the
same thickness all over the f£ilm; and then causing the
first ligquid delivery nozzle to travel from a
peripheral edge of the film to a center thereof and to

deliver a rinsing ligquid onto the film, thereby



- 11 sequentially stopping dissolution of the film and uniformizing
thickness of the film, in accordance with the profile of the film. According
to the present invention, since the 5 first liquid delivery nozzle has a
smaller diameter and delivers a liquid at a smaller flow rate, it is possible
to accurately control the liquid supply paint, when the process liquid is
delivered to perform etching. Further, since such a nozzle having a
smaller 10 diameter is used, the consumption of the process liquid can be

decreased. Furtﬂarmo&e since the.first qu id deIivgry noz e'is inclir&ed to
tig. 3 t
delive 1altellxéui1 in the “rotationat dﬁécszt?gn g#;t]f%nsu stratee,t & rélafive

liquighveleety isidrrreaseds-thare by suppeessingnls liguigflieksiand/er with
liquid spread. Where the first liquid delivery nozzle having a smaller
diateteraret previdingtaismadlémflow rate is first used to planarize a film,
and the second liquid deIive‘%nozzle having a larger diameter and

a

providing & T GEFAOW Jtatd s RERTRRE topY6Mbte Brehfiig ffe filte
can:he. dissolved gt g bigh,@aie. Whers the fitst and seeend ligyid delivery, , 4

nozzles are configured to switchably deliver both of the process liquid
andisnsing tiguid, itigrpossible to 2ompérfernm aldissaldng pragessdn

various variations. Brief Description of the Several Views of the Drawing
FIGRASiE B déctiphab viewrschehvatiRamy Shdwifye 1iquid supply point,

when the process ligquid is delivered to perform etching.

Further, since such a nozzle having a smaller
diameter is used, the consumption of the process liquid
can be decreased. Purthermore, 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
liquid 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 f£ilm, and the second liguid 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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12 the structure of a liquid processing apparatus according to an
embodiment of the present invention; FIG. 2 is a plan view schematically
showing the structure of the liquid processing apparatus according 5 to
the embodiment of the present invention; FIG. 3 is a view schematically
showing the arrangement of a first kquid Zlelivery nozzle used in the
liquid processing apparatus shown in FIG. 1; FIG. 4 is a view showing a
case where an oxide 10 film formed on a wafer has a thickness larger at

the_peripheral edge than at the center, which defines a _cone-shaped
GBI ede o by :

recess profile; 5At05E & srsci%?/\sf‘lﬁé %?ep{isp&aar%ls%%lving

progess il Bpoxide S avingiseone-clko shapgdresess Piofied God;
IS a view showing a case where an oxide film formed on a wafer has a
thickness EifalleRatithea peripheraledye thaamatthe géhter shbhichrdefinkes
a cone-shaped projection profile; 20 FIGS. 7A to 7E are views showing

stefiS 56 HESofing B cdS b ArPEAAE it RavingRAcae: Shapeq=ding
projestionprafils-And EIG- 8 s aylews schematically showing an example

where a first liquid delivery nozzle is integratedly 25 combined with a
second ligeictdeldvefy nazzte e etedrdhascaptian-okthed pventidneAn
embodiment of the present invention will now be
arrangement of a first liquid delivery nozzle used in
the liquid processing apparatus shown in FIG. 1;

FIG. 4 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 film 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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13 described with reference to the accompanying drawings. In this
embodiment, the present invention is applied to a liquid processing
apparatus for etching (dissolving) an oxide film formed on a wafer. 5
FIGS. 1 and 2 are a sectional view and a plan view, respectively,
schematically showing the structure-of ag iquid processing apparatus
according to an embodiment of the present invention. This liquid
processing apparatus 100 includes a wafer holding member 1 for 10

rotatably halding a.target substrate or wafer W with an oxide film_formed
thoFH. TR I TG |8 roRaBE ) R O ot Reoe

cupr3,is-glisposathda shaeund the walerWplaced o the wafer hgidingeq to

member 1. The liquid processing apparatus 100 further 15 includes a

liquéd 3uipply dngcharksss drfor spppelyingues dissolent isohuiondinsspurifics )
water onto the wafer W, and a film thickness sensor 5 for measuring the
thickRe S dfthefoxide it BRIh&WFerAE She wafer holding member 1

ncludes g ygtary platg, 20,11 ety connegiedofhe shafi 2oty ey,

rotary motor 2. The rotary plate 11 is provided with three support pins I2a
for supperting the waferdleand thrae 1Rold Rdsi kb taidolding thewafeyr o

W, which are attached to the peripheral portion of the rotary plate 25 11.

Whedkié vapaoneis siarsfepad kpand fraartied wadertsoldinganbedengnt

the SpPPRT Rins. 12a are WWilized for this Jansie", qued'Qd pins Lah.are
apparatus 100 includes a wafer holding member 1 for
rotatably holding a target substrate or wafer W with an
oxide film formed thereon. The wafer holding member 1
is rotatable by a rotary motor 2. A cup 3 is 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 l2a 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 1l2a are

utilized for this transfer. The hold pins 12b are
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14 rotatable in a direction indicated with an arrow A between 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 shown) and the wafer holding member 1.
Specifically, the hold pins 12b are set in.the retreat position when the
support pins 12a receive the wafer W, and then the hold pins 12b are
rotated to the hold position, thereby holding the wafer 10 W. The wafer

hoIding rgeguﬁ%r 1 is moyable up and ,doc¥v%n b%/ aé] elevating mechanism
(noF(s)hgwﬁ . e]ﬁ%qu% ijﬁbelf/ rEEhatish ZhE0d¥s Bkir Iiaaiﬁodveli%ery
nozzle 21 and-a secandliquid delivery 119321e,22 . 6ach 0bWhIEN (8 i ¢ 5 on
movable for scanning 15 between the center and peripheral edge of the
wafes ¥ h&adhrof thééirstabesa¢onddiquickdeliveey hodzlep2hsandB2de

arranged to selectively deliver diluted hydrofluoric acid (DHF) used as a
process ﬁ’@ﬂﬁalfb‘lc’beﬂ%ﬁ“ﬁﬁ’fglé’ﬂ%sé@ﬁ]gtﬁl%‘é%s?,%cp@uﬁf% Wate? 20"

used as a rinsing liquid. Specifically, the first liquid delivery nozzle 21 is
R T L O R RS O il

connectethty adilied hydrofiyaticacid supply linge26.and pwifieth are

water supply line 27 respectively 25 through valves 24 and 25.

Accortlingly, dilatere hydroflupre atitousedhasa hssohrrreoiutiphrandl 2a

pwggﬁgqggrgggdggéggn%?gQ%%méﬁg%b%he hold pins 12b are
rotated to the hold position, thereby holding the wafer
W. The wafer holding member 1 is movable ﬁp and down
by an elevating mechanism (not shown).

The liquid supply mechanism 4 includes a first
liguid 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 ligquid. Specifically, the first
liquid delivery nozzle 21 isg 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 ringing liquid can be
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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
diluted hydrofluoric acid and purified water is performed by 5 turning
on/off the valves 24 and 25. The second liquid delivery nozzle 22 is
connected to a second liquid supply-linet28. The second liquid supply line
28 is connected to a diluted hydrofluoric acid supply line 31 and a
purified water supply line 32 respectively 10 through valves 29 and 30.

pecaiinat e iuoicaod oo 5. dosghentsbien and .,

4 o PR e P A~
puriti aler used as agrlnsmg |IC]UIaC n pe

secepd Jquidedeliyerspazzle 22nantpthe sufface pfthe.wafer Weas inthes g
first liquid 15 delivery nozzle 21. For the second liquid delivery nozzle 22,

switdhingvisetweenzhé dilated kydrofitricy abistartpurified Wateried
performed by turning on/off the valves 29 and 30. The diluted hydrofluoric

acid*¥pphIHRSISE afd 315416 dBHReddado wakRrid dspply DDPURRE ah
a f'%"lvéé?itlenc ”55@}89% (@%tesh&%%lss"ﬁ" arly, {hg é".”‘f“?:%évaé%rc%‘%?
Iq a flow

! CE[)I}iiquid
lines 27 and 32 are connected to a liquid supply pump an rate

congrel urit (Rot:sbowny. Dhe fiest Hguiddelivary-ipzzles 2t indesigaed &

25 have a smaller diameter and thus provide a smaller delivery flow rate,

as comparedionke 38condliguidedeiivéry haadd 22uppil gxdmple, Atk is

fwsugﬁgécted to a diluted hydrofluoric acid supply line 31
and a purified water supply line 32 respectively
through valves 29 and 30. Accordingly, diluted
hydrofluoric acid used as a dissolvent solution and
purified water used as a rinsing liguid 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 ligquid 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 liguid

delivery nozzle 22. For example, the first liquid



10

15

20

25

16 delivery nozzle 21 has an inner diameter 0.5 mm ~ and provides a
flow rate of 50 mL/min. The second liquid delivery nozzle 22 has an inner
diameter 4 mmo and provides a flow rate of 500 mL/min. The first liquid 5
delivery nozzle 21 preferably has a diameter of 0.2 to 2 mm, and
preferably provides a delivery flow rate af620 to 200 mL/min. Further, the
second liquid delivery nozzle 22 preferably has a diameter of 3 to 5 mm,
and preferably provides a delivery flow rate of 300 to 10 2,000 mL/min.

Furt .as shown in FIG,.3, the first liquid delivery ngzzle 21 is inclined t
AE%iver nOﬁéf%i%ih%a n %%ﬁ%gfglg%é%er éﬁghw%ﬁBang

i a
deliver a process liqui e rotationa Ion o e wa

inclinationangle issreferablyesset 1o be I fa7a, suchhas 38-The seeend g

liquid delivery nozzle 15 22 is set in a vertical state as in the conventional
nozitel bue mayise sekinZh ingknethstatensSince theefirst liguidndéliveng
nozzle 21 has a smaller diameter and delivers a liquid at a smaller_flow

rate? T 1088ivfe for&eturatefy Entrdl tha20%bid suptly pomt anti g4
deciease Ng iquid consumnlipn FLudRst sinee e distliguid delvesy ,

nozzle 21 is inclined to deliver a liquid in the rotational direction of the

wafer W therealative fliaeich velogibyhisi decreasets Theteby stippressing 26f
liquid flicks and/or liquid spread. The first liquid delivery nozzle 21 is held
by & %irstné2Ae Wbldei21a ditaEhba ¥o atfhst fegmdrmiquid delivery

nozzle 22 preferably has a diameter of 3 to 5 mm, and
preferably provides a delivery flow rate of 300 to
2,000 mL/min. Further, as shown in FIG. 3, the first
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 1is 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 liquid in the
rotational direction of the wafer W, the relative
liquid velocity is decreased, thereby suppressing
liguid flicks and/or liguid spread.

The first ligquid delivery nozzle 21 is held by a

first nozzle holder 2la attached to a first nozzle arm
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17 41. As shown in FIG. 2, the first nozzle arm 41 is linearly movable
between the center and peripheral edge of the wafer W by a ball screw
mechanism 43. The ball screw mechanism 43 includes a ball screw 45
extending 5 in the traveling direction of the first nozzle arm 41, and a
guide rail 46 disposed in parallel with the ball -screw 45. The first nozzle
arm 41 is attached to a traveling member 47, which is screwed on the ball
screw 45 and is slidably fitted on the guide rail 46. A 10 driving

mechanism 48 js dispase otate the ball .screw 45, thereby linearly,
mog/ihhg th%]?ra?/% w‘ﬁﬁl mlenm%£é47%Th5%%coﬁg ﬁ(?uia%ze |r\1/§3ryar)1£(§nzz?ei'iL 277s

held by segoRe-nogzle haldere22a atiached o &-SecNdReZZIR 15arm 4ge

42. As shown in FIG. 2, the second nozzle arm 42 is linearly movable
betwEehlthe wahter dfidperiphesdl ledge efvtheanafen VW by4Bball Strewoall
mechanism 44. The, ball screw mechanism 44 includes a ball screw 49

extEfidinYg iR B avEhg direchion i ¥e Selbn.26 fibg?le Hintaz A2
guide raf, 50 disppsed in patallel with thehallserew 49. The seeond..v, 41,

nozzle arm 42 is attached to a traveling member 51, which is screwed on
thediadl screp #@=anchisislidablyifitesemithengywede aall 0. Aidivitte ball
mechanism 52 is disposed to rotate 25 the ball screw 49, thereby linearly
mo¥irgahie 4favelifg mehrarts noFelfrseand $éccrid Bquia cdeilepp a

nozzles 21 and 22 m mov hanism
Otfﬁ%e&ghg memg¥9e47? %%?gﬁ?TgCQ%réwed on the ball screw

45 and ig slidably fitted on the guide rail 46. A
driving mechanism 48 is disposed to rotate the ball
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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18 other than the ball screw mechanism. For example, a belt driving
mechanism or cylinder mechanism may be used for this purpose. The
cup 3 is configured to receive the process 5 liquid or rinsing liquid
separated from the wafer W by a centrifugal force during a process, and
to drain it out of the apparatus. The-cupL8 is provided with an exhaust
passage 3a and two drain tubes 3b and 3c disposed at the bottom. The
exhaust passage 3a is 10 connected to the suction side of a gas exhaust

pump, (not shown)..The cyp 3 is movable up and down_by an_elevating
e BB Aat oG e Mot TN L AanEH & i St o fetet

theghicknessi ofi ayoxiderfilmi formed onthewafer W6 - ka witheuhegming
into contact with the wafer W. For example, the film thickness sensor 5 is
formeddf Bproptidat type thiekness-meter or ellipsometer. The film
thickness sensor 5 is attached to the distal end of an arm 55, which is

linearly maVHbIEBY acytfidBr26 TR RMiSH 567 ATtSrifdly, RETHRSS
thickDgas §eBsora fanhe setalanyRositan ahove e wafer W between,,

the center and peripheraledge of the wafer W. The cylinder mechanism
56 gomprises awrylindechyéwittha: fisfon 58rpovaiie aumdartband-iyardt
relative to the 25 cylinder 57. The arm 55 is attached to a traveling
mefiber 8D fXed @RRe EstiPend BhthePittonh 555 Paclyofige with an

Cmggggﬂgﬁi%ﬁ?%@ﬁgd§épgﬁﬁ"¥ho drain tubesg 3b and 3¢

disposed at the bottom. The exhaust passage 3a is
connected to the suction side of a gas exhaust pump
(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
cylindexr 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 ligquid processing



19 apparatus 100 is connected to and controlled by a controller 101
comprising a micro-processor (computer). The controller 101 is
connected to a user interface 102, which includes, e.g., a keyboard and a
display, wherein 5 the keyboard is used for a process operator to input
commands for operating the comporentsdn the liquid processing
apparatus 100, and the display is used for showing visualized images of
the operational status of the components in the liquid processing

2PRaiaLIs 100, 1pduher. e contiolet 101 js.conscied to the gorage

portion 103, w stores recipes with control programs  and process
congtifior-datad ecamsiedibarain fon Jealizing ¥arghsPLSesses computer) .
performed in the liquid processing apparatus 100 under the control of the

15 Ebstrotier D2l drd alsblstores umeraddiahetessary fortherdtheface 102,

contro|. A requited_recipe is retrieved from the_storage portion 103 and ,
exe%%%ec&lbﬁ Céggr?t?dlle? ‘l%l’in%é%%Y%a?r?c%%ﬁﬁ ndnSthiRiohlor theerein

likeripaut20, trqugh the yserinierface ?&S@géegg%&% SAChOf 3yt
various predetermined processes is performed in the liquid processing
appsaratusrtB0 drdercheconimogof: Hie cantralles104. Areeipe mayhed
stored in a readable storage medium, such as a CD-ROM, hard disk, 25
flexFBIR Tsle vrAoRPBRTRE M MY, Furhitert &eredivehay besutifised for

on_"ﬂ%’wwrr]lic!:;e @{Ssggrﬂsingg@dirgrgg]e% Sgi%al%lﬁeapg glas Jt.bbr:‘gg ¢ h 589 of

dedicated P
the components in the liquid processing apparatus 100.
Further, the controller 101 is connected to the storage
portion 103, which stores 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
liguid 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
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20 - line, as needed. Further, the controller 101 is arranged to receive
detection data (signals) detected by the film thickness sensor 5. In the
controller 101, the detection data is 5 processed by an arithmetic
comparison operation with reference to etching rate data (preset etching
rates) of an oxide film obtained by, e.g.2&n experiment in advance. The
result of this process is used to control the rotation number of the wafer
W, the scanning 10 velocity of a nozzle in supplying the process liquid,
anq%eflloggaggéeq{égq process liquid and purified water used as a
rinsing liquid. Next, an explanation will be given of an etching process
(dissolvingpragess) petermeshiibeliguid 45 precesstithappatiaduseceive
having the structure described above. At first, the type of an oxide film

110'eRe cEorposiasa of tHeoprotess fqacandtierreidtonshion bebiekmess

the temperature and etching rate are stored in 20 the storage portion. 103 .
in a%?/%é])%g. E%‘Jhen,li'éfl1 W%%eer \%/O%ﬁﬁ%%foexﬁdg #flm fotrtrrlneedéc)?nt S Eljl gcg “T‘sta 18

transferred sk adansfer-arm: (npt shewn)epiothe SUPpRE.RIRS 12a.f 1
the wafer holding member 1. Thereafter, the wafer W is held by the hold

pingdPbrémtiis statethb filtg 25athickdess is(measureddyyctherfimrates)
thickness sensor 5 at _a plurality of points between the center and

peritheétdl 284e%f td WaP R 1B ebi&K a frofile ofthe fifReriment in

advance. The result of this process is used to control
the rotation number of the wafer W, the scanning
velocity of a nozzle in supplying the process liquid,
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 ligquid
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 f£ilm 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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21 - thickness. As a result of the measurement, as shown in FIG. 4, if the
oxide film 110 formed on the wafer W has a thickness larger at the
peripheral edge than at the 5 center, which defines a cone-shaped recess
profile, the etching process (dissolving process) is performed in
accordance with the steps shown in++I1GS. 5A-to SE. At first, as shown in
FIG. SA, with reference to the film thickness detection points P1 to Pn
between 10 the peripheral edge and center of the wafer W, traveling
Ve'%ﬂ!ﬂéiﬁ‘é@g@ vn-l,n) of the first liquid delivery nozzle 21 between the
respective points are calculated to perform planarization by etching with
etching amountg XdudeXrs T hisealelatior sashe, 1mperdermed by aric.
method disclosed in paragraph 5, line 31 to paragraph 6, line 52 in US.
Pat: Pubhf 006108, £33 mthklteaéhings f WhidHharevinéetpdfatedshetein

by reference. Then, as shown in FIG. 5B, the first liquid 20 deliver
nosd SIS S8t 46K BaG6N abde Hid GRAGHe SIFEr W-TheR: ab"

shoun HLEIG 3G ctvhile the, safer Whisdotated, dhe fisstdiquid, delpvery | cne

nozzle 21 is moved for scanning toward the center with the velocities
obtaingdiagydeseribedsabbves Buling this25oscanning, @ salutionrekd in
diluted hydrofluoric acid is_delivered from the first liquid delivery nozzle 21
to BEFPEFSRRR) YHE BxibRTiIME BRFeFy plEhaliRingthe - 52 to SE.

At first, as shown in FIG. 5A, with reference to
the film thickness detection points Pl to Pn between
the peripheral edge and center of the wafer W,

traveling velocities (v1,2 to vn-1,n) of the first

ligquid delivery nozzle 21 between the respective points

are calculated to perform planarization by etching with

etching amounts X1 to Xn. Thig calculation can be

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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22 oxide film. At this time, the etching amount is preferably set to be the
minimum amount necessary for the planarization. When the first liquid
delivery nozzle 21 reaches the center, the supply of diluted 5 hydrofluoric
acid from the first liquid delivery nozzle 21 is stopped. In the step
described above, the rotation number o 2he wafer W is preferably set to
be 100 to 1,000 rpm. The wafer W is kept rotated in a series of steps
from this step to the subsequent steps. 10 Thereafter, as shown in FIG.

SDoihesfirseliqyid delivepynazzle 21 is refreated and thesgoopd diguid
delivery nozzle 22 is set at a position above the center of the wafer W. In
thipgtafe makdlytiereof diuted hydrofiloricracid isnsupplieddtam shey for
second 15 liquid delivery nozzle 22 to the entire surface of the wafer W.

Coh8&qiertiy2 &ikRfigtisunifolfasp st mett &t obéathedwdfet Wesy
that the oxide film 110.is processed to have a predetermined unifor
R TR Lo HE it FIRCLGE BBUImES atagured

thicknass. ess of the oxide

pregietarained valdea thessunps ot diluted hydrofluglic @cid fropethe nozzle
second liquid delivery nozzle 22 is stopped. Further, as shown in FIG. 5E,
purfiediwatetr cpgeetias aTinshiligiieis sigpplieddromn dheogecorithdiquid
delivery nozzle 22 to terminate the etching. 25 With the steps described

abdd e SRidBHIMSELE Ts pRMakzdéd fo HavePapréd&Entingdsst to be
thickngss o ACCRHNGQuthis RICeSFUNCRNESISLIQUId e ot eq in a

series of steps from this step to the subsequent steps.

Thereafter, as shown in FIG. 5D, the first liquid
delivery nozzle 21 is retreated, and the second liquid
delivery nozzle 22 1s set at a position above the
center of the wafer W. In this state, a solution of
diluted hydrofluoric acid is supplied from the second
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
liguid delivery nozzle 22 to terminate the etching.

With the steps described above, the oxide film 110
ig planarized to have a predetermined thickness.

According to this process, since the first liquid
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23 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, when diluted hydrofluoric acid used as a process liquid is 5
delivered to perform etching. Consequently, in spite of the presence of
the support pins 12a and hold pins 12b3#&rving as a wafer chuck, the
thickness of the oxide film 110 can be accurately controlled at the
peripheral portion of the wafer W. Further, since such 10 a nozzle having

a sgajediapaigrisnser the, copsumption of diied Sudrallieria Acld . v
used as a process liquid can be decreased. Furthermore, since the first
liquid delivery neegzle Zhislinelineditowdelives a liquid i thegetativaat o
direction of the 15 wafer W, the relative liquid velocity is decreased,

the Ry sippressingigieflichseand/ariqlie epread, paridithuswhigimizing
und s'irable egghigg. Pln the other hand, there is a fear that the _throughput

is detrehsed die o ise SF aes ﬁ%& 1&ReRy ROZAE RavingRTd 18

smailey diameterandproyiding A-smaliey flowrateHowever, after the, . o

first liquid delivery nozzle 21 having a smaller diameter and " providing a
smalfertflow rate ssused ¢ planarizegpfint, thesecand liguid detiverypins
nozzle 22 having a 25 larger diameter and providing a larger flow rate is

usetl Rpeeifitaikg the stclid figuiaitietitery-hsz Ad bokmaaes aph polfion

aquggggngﬁg(yfgeggge%@/accurately controlled at the

peripheral portion of the wafer W. Further, since such
a nozzle having a smaller diameter is used, the
consumption of diluted hydrofluoric acid used as a
processg liquid can be decreased. Furthermore, since
the first liguid 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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24 and is used to supply the process liquid all over the wafer W to
promote the etching. Consequently, it is possible to etch the oxide film at
a high rate, thereby minimizing decrease in throughput. 5 In the example
described above, when the process liquid is delivered, the first liquid
delivery nozzle 21 is moved for scannirgfrom the peripheral edge of the
wafer W toward the center, while the wafer W is rotated. In reverse, when
the process liquid is 10 delivered, the first liquid delivery nozzle 21 may be

mox&%fﬁrﬁs ning.from, the centar of the wafer W towayd the peripherg|,

edge, while the wafer W is rotated. AlSo in this case, traveling velocities

of therfyst iqwe deliverydwzzie=2k betwiern. theckneaspestiva fim it is
thickness detection points are calculated. This calculation can be
perfstiedoBy at meisd disbpsed it pafbghipla 8, Fnd132%o pakmyraphoreby
line 57 in US, Pat.(fub. No. 6,096,21%3, the teachings of which are
inccr)nrjp%%gltlealhne?elnebcyrree Stente. This 26 1Hter example provides the

same effegtas that of the, farmer examnle. Newvan explanation wilkbeess

given of a case where the oxide film 110 has a cone-shaped projection
profiteguAsi déscrilzeldiateonas] thee hilen thiclatess isrmisasdeddi by 25 the firhe
thickness sensor 5 at a plurality of points between the center and
perfphet&l é‘d%jée@f theware AN 1o ftarTa bﬁﬁilé’%ffﬂ'@lfﬂﬁﬁthimgs?f

Asgﬁgswgfer W toward the center, while the wafer W is

rotated. 1In reverse, when the process liquid is
delivered, the first liquid delivery nozzle 21 may be
moved 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.
Ags 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
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25 of the measurement, as shown in FIG. 6, if the oxide film 110 formed
on the wafer W has a thickness smaller at the peripheral edge than at the
center, which defines a cone-shaped projection profile, the etching 5
process is performed in accordance with the steps shown in FIGS. 7A to
7E. At first, as shown in FIG. 7A, with retarenee to the film thickness
detection points Pt' to Pn' between the peripheral edge and center of the
wafer W, 10 traveling velocities (v1,2' to vn-1,n") of the first liquid delivery

nozoz£e. zgéﬁ between the res%ectlve gglg;tvsn are calculated to @erf rm

planari %nnﬁfgtl(l:ﬁ%%evr\l/i é?t%hlng amouits o XH. Itshéina b%dee

noted that; i this.case. the traveling velocifiesthus calcplated are dpa11 e
used in the purified water rinsing step, because the etching is first

unifgrmiyrpedermedhalt aleethesfiltnhaandis thie, pedotmaed byhusehof
differences in timing for supplying purified water used as a rinsing liquid.

ThiShictfdtich G466 PefBftel by Lrietit Basididn 2othe =tching
corpesponding; mefhqadedisclosed in 9§c£’1?&%%%% '\J&tﬁ’%‘?ﬁezé%eﬂé%oshown

teachings of which are incorporated herein by reference. Then, as wn
in HG. 7Bz the secansl iquid delivery nozzle 22 is set at a position above
the 25 center of the wafer W. In this state, as shown in FIG. 7C, while the

wafer W idfotatels & sohgiophshdiluied Bil@roflidricatidhismtipplied font o

theéﬁgoggﬂgugLickness detection points P1' to Pn' between
the peripheral edge and center of the wafer W,
traveling velocities (v1,2' 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. 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. 1In this state, as shown in FIG.
7C, while the wafer W is rotated, a solution of diluted

hydrofluoric acid is supplied from the second liguid
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26 delivery nozzle 22 onto the wafer W to uniformly etch the oxide film
110. After the etching is performed by a predetermined amount, the
second liquid delivery nozzle 22 is retreated, and the first liquid delivery S
nozzle 21 is set at a position above the end of the wafer W. Then, as
shown in FIG. 7D, while the wafer W iszetated, the first liquid delivery
nozzle 21 is moved for scanning toward the center with the velocities
obtained as described above. During this 10 scanning, purified water used

2s auinsinaliguid i, deliveregftom the fistflavid deliveryngzzle 2119, o,
sequentia ygtop thé e?chlng. ith this operation, since the etching is

sequeatialy: stoppeddrom @. positier coppspending tethesepd pEthened by
wafer toward 15 the center, the etching is promoted at the most at the

certepoffie veafer We dn dightiotthis; ke searmridg Mefodity clahe Yiesty
liquid delivery nozzle 21 is suitably controlled to planarize the oxide film,

so WEAhE oxide fint B8 f bt es&8d tdRave & Tiform Poithi RALiy SAY
impubesichassscotoledl gl apssblenyed pston
liquich delivery nozHer21. dheshthensupply oEpurified waterdrahéhefitcstr w
25 liquid delivery nozzle 21 is stopped, and the first liquid delivery nozzle
21 issrefrebitE Thehhgs Shodh L AIG. I Eakd seeahdrGdAdlchiveds
no%&%&%éi g? scanning toward the center with the
velocities obtained as described above. During this
scanning, purified water used as a rinsing ligquid is
delivered from the first liguid 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 etching is promoted at the most at the
center of the wafer W. 1In 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

ligquid delivery nozzle 21 is retreated. Then, as shown

in FIG. 7E, the second liguid delivery nozzle 22 ig set
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27 _ at a position above the center of the wafer W. In this state, purified
water used as a rinsing liquid is supplied from the second liquid delivery
nozzle 22 to completely terminate the etching all over the wafer W. 5 With
the steps described above, the oxide film 110 is planarized to have a
predetermined thickness. According to &iis process, at first, the second
liquid delivery nozzle 22 having a larger diameter and providing a larger
flow rate is used to etch the oxide 10 film 110 by a certain depth, while

maﬁ‘éaigi%got ¢.cone-shaped F?:@Fieecﬁ%«?é‘%ﬁ'%fﬂ%%{é the Prspliguid o o

delivery nozzle 21 having a smaller diameter and providing a smaller flow
ratestssitsed oustop 1l elehing sequantiallyfram asaesition eeriesponding
to 15 the end of the wafer W. Consequently, it is possible to accurately
corfikeb e kguid sepphisoife andhds I ddcdaldly evrtralthe khicRAe s

of the oxjde film 110 at the peripheral portion of the wafer W, jin spite_ of
LS e Sl e et s S S

wafer chugk dFurthel, sinee sugh a-p9zzle haynga seallerdiametenisn 110

used, the consumption of purified water can be decreased. Furthermore,
sindes thel tinsh liquid dletivetyanez zte 2t dddnchined te detveraklicesd in the
rotational 25 direction of the wafer W, the relative liquid velocity is
decreased* ¥FErEBY R ppFe<siHG I BRSS5GBY sﬁr"ea%l stﬁuriffé%ewét?e?,ond

an%?&ﬁfﬁ”@&?¥¥é%@@§8§¥%@i92 having a larger diameter and
providing a larger flow rate is used to etch the oxide
film 110 by a certain depth, while maintaining the |
cone-shaped projection profile. Then, the first liquid
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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28 the uniformity of etching due to uneven etching stoppage. The
present invention is not limited to the embodiment described above, and it
may be modified in 5 various manners without departing from the spirit or
scope of the present invention. For example, in the embodiment
described above, the first liquid delivery 2#zzle 21 and second liquid
delivery nozzle 22 are separately disposed, but these nozzles may be 10
integratedly disposed in one nozzle holder 80, as shown in FIG. B.

Further, additional nozzle.may be.used for delivering a liquid or.gas other
thant e H eL g Sro e A S0 dr oot 1 e 2
emiaedimenydescribed above, an oxide film is a target 15 film for a
dissolving process (etching), but another film, such as a nitride film or
metal film, Thay beepcesdad anthewmanies wagt The piccedstiguithis
exemplified by diluted hydroflyoric acid, but another liquid may be used
as |8H%%§Ji{“8£rjf bETRBETEFA 20YSoIviRG Prodedi Theapparaided o

desgabed.aboye.is, pravided witha Bm, thickness SengoLdisragqdi ¢ or
therein, but the thickness of a film may be measured outside the
appacatts anfl thea stareddn the atosage partionFd)3. exateretheifinthe
thickness sensor is not indispensable, 25 and a dissolving process may

be SERFFIRERacRDTFEIGRE Hithairichhfalfés eSniekiohdlPRAGNATY

In the, plodiment desciibedabqve; e et aliect!s, J1e 22 are
separately disposed, but these nozzles may be
integratedly disposed in one nozzle holder 80, 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 liguid. 1In 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 film, may be
processed in the same way. The process liquid is
exemplified by diluted hydrofluoric acid, but another
liguid 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



29 exemplified by a semiconductor wafer, but it may be another
substrate, such as a substrate for flat panel display devices (FPD), a
representative of which is a glass substrate for liquid crystal display
devices 5 (LCD). MCSLLP - 30 What is claimed is: 1. A liquid processing
apparatus arranged to planarize a film grpa substrate by supplying onto
the film a process liquid for dissolving the film while rotating the 5
substrate, the apparatus comprising: a substrate holding member
configured tp_rot ly hold the substrate in a horizontal state; a rotation
e SREh o FgurEh © SRS T8 PSR RGig Herbes: J8Y 15%
liquighspply meahanism configured 1o sypplythe precessiquid onte.a, .1
surface of the substrate, the liquid supply mechanism includes a first
liquih deliveyy dezilecand EBecond ligeiddadivenandczzie, avfhich aed is a
configured to deliver the same process liquid onto the same surface of 15
the$ B§t?at%‘,ﬂﬂ?é:ﬁ%‘f“ﬁqtﬁﬂ“ﬂeﬁ%&?%z‘i@ﬁ%qﬁéin@ﬂsﬂﬂé&iﬁweS
pro %Ijquid in a rotational direction of the substrate, characterized in
that the first liquid delivery nozzle has a smaller diameter and provides a
smaller delivery flow rate, as compared to the second 20 liquid delivery
nozzle, and it is configured to move
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between a center of the substrate and a peripheral edge thereof while
delivering the process liquid onto the surface of the substrate. 2. The

liquid processing apparatus according to claim 25 1, characterized in that MCSLLP

the first liquid delivery nozzle and the second liquid delivery nozzle are
confi.gu-red to switchably deliver the same process liquid and the same
MCSLLP - 31 rinsing liquid. 3. The liquid processing apparatus according
to claim 1 or 2, characterized by further comprising a film thickness
sensor configured to detectthickne$ses vt f55 fifm, and a control

mechanism_configured to conirol trayeli first liquj jver

nozzleal and %efé tL:lolr(lgd ﬁcﬁﬁg %%%\%é% n gz%%@c%o%d%%c%éjv%heﬁ%n
thisknesses deteated hyrthe fismthieknass sepsetigb Thediguichprocessingi 1
apparatus according to claim 10 1, 2 or 3, characterized in that the first
diquicbdeliveryl nozzlé i iclifed bylan adglelst 15467575 Thetigbff ing the
processing apparatus accordiﬁg to %rg one of the preceding claims,

ThaRIct8ized intRatiRafirst Houid B8INER AGZzle has a diameter of 0.2
to 2 mm 15 and provides a delivery oy rateof 209,200 mL/min: 8. 1pey

liquid processing apparatus according to any one of the preceding claims,
cbarcterzed indbatthe secandchliquid detivéry niozzke;has a diameter of 3
to 5 mm and provides a delivery flow rate of 300 to 2,000 mL/min.

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, 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 onto the same surface of
the substrate, the first liquid delivery nozzle is inclined
to deliver the process liquid in a rotational direction of
the substrate, characterized in 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 it is configured to move
between a center of the substrate and a peripheral edge
thereof while delivering the process liquid onto the
surface of the substrate.

2. The liquid processing apparatus according to claim
1, characterized in that the first liquid delivery nozzle

and the second liquid delivery nozzle are configured to

switchably deliver the same process liquid and the same
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20 7. The liquid processing apparatus according to any one of claims 1 to

6, characterized in that the first liquid delivery nozzle and the second

liquid delivery nozzle are separately disposed. 8. The liquid processing MCSLLP
apparatus according to any 25 one of claims 1 to 6, characterized in that

the first liquid delivery nozzle and the §§c9nd liquid delivery nozzle are
integ_ratedly disposed. MCSLLP - 32 9. A liquid processing method for
dissolving a film formed on the surface of a substrate while rotating the

Bsybstrate ih tAE liguid processing apparatus according to any one of

claims_1 to 8, the method bei r ri ising; .causi -
e T A o SO0l GO laim

angtodeliverthe-process diquid antethe filna dhgrehyiwjfosme zing
thickness of the film; and 10 then causing the second liquid delivery
iozzlertessuppiy drecprovess diguiecorito thie fils,therdoyfofthees of the
dissolving the film to a predetermined thickness while rgaintaini

m

GhiBrmy fh fimRitkhess PFE SFHE I PRdceseing mathat a{lc{::%?&ing to
claim.9.; 3 characferized.inthat;the method fyaher comprises; dgteqfiag
thicknesses of the film at a plurality of points in a radial direction of the
substrate1to pbiain @film shicknesszprofiemofthe ditrd awhichvis tised 10.m
cause the

thicknesses detected by the film thickness sensor.

4. The liquid processing apparatus according to claim
1, 2 or 3, characterized in that the first liquid delivery
nozzle is inclined by an angle of 15 to 75°.

5. The liquid processing apparatus according to any
one of the preceding claims, characterized in that 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.

6. The liquid processing apparatus according to any
one of the preceding claims, characterized in that 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.

7. The liguid processing apparatus according to any
one of claims 1 to 6, characterized in that the first
liquid delivery nozzle and the second liquid delivery
nozzle are separately disposed.

8. The liquid processing apparatus according to any
one of claims 1 to 6, characterized in that the first

liquid delivery nozzle and the second liquid delivery

nozzle are integratedly disposed.
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first liquid delivery nozzle to travel. 20 11. The liquid processing method
according to claim 9, characterized in that the film has a profile defined by

a thickness smaller at a central portion than at a peripheral portion, the MCSLLP

method comprising: causing the first liquid delivery nozzle to travel 25
from a peripheral edge of the film to a gnter thereof or a center of the
film to a peripheral edge thereof and to deliver the process liquid onto the
film, thereby MCSLLP - 33 uniiormi.zing thickness of the film, in

accordance Avith e Bratie e il her CaUsing the-Seohg i@ f1im
li le t th iqui to the film, furth
elivey nozzete sy e process [guiano e T Uiehy et

mio a predetermine ness while maintaining
smifermity o file thickness; and thescausingthesecond liguidudelivenng to
nozzle to supply a rinsing liquid onto the film, thereby stopping the
protessdiquid frdmidissdlvihg the filthelmaRhadiqoripocessing atstheged by
for dissolving a film, which has a profile defined by a thickness larger at a
ceRfrarpdrtién and is formed on the surface of a substrate while rotating

the subsirate jn the liquid processing: apparaiys agcordingilo any anegk1 in

claims 1 to 8, the method 15 being characterized by comprising: causing
the-secend linuie delivery aibzzledodies docated abadcenteraf theréilm ahd
to deliver the process
process liquid onto the film, thereby uniformizing
thickness of the film; and

then causing the second ligquid 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.

10. The liguid processing method according to claim 9,
characterized in that the method further comprises
detecting thicknesses of the film at a plurality of points
in a radial direction of the substrate to obtain a film
thickness profile of the film, which is used to cause the
first liquid delivery nozzle to travel.

11. The liquid processing method according to claim 9,
characterized in that the film has a profile defined by a
thickness smaller at a central portion than at a peripheral
portion, 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
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liquid onto the film, thereby dissolving the film by essentially the same
thickness all over the film; and 20 then causing the first liquid delivery

nozzle to travel from a peripheral edge of the film to a center thereof and MCSLLP
to deliver a rinsing liquid onto the film, thereby sequentially stopping
dissolution of the film and uniformizin ghigkness of the film, in

accordance with the 25 profile of the film. 13. The liquid processing

method according to claim 12, characterized in that the method further
eBibrises ZUMCS LLP. Clgze e PSailllthitbimizing RaBiSmgtHe ol T the
Iiguig ,dleliver%/ 1%)52|§:Lt r[kl),e located at a center of the substrate and to

%quIiL/ aerir?smg liquid, thereby performing rinsing. 14. The liquid
procesging method aceordiag de any@nei §ofdhe precesling elaims 8 teo

13, characterized in that the first liquid delivery nozzle is inclined by an
anglelof 15:¢0 760 86sFhé liquit procdssing mefiddacEdraifgits anyoner

of the preceding claims 9 to 14, characterized n that the 10 first quLgd
AefisHy FioRgle s & tidétr Bf B30 i ARG hrovides AdelivBr fic

rate of 20,10, 200,k imin, 16, The liguid progessing methad, gccording to

any one of the preceding claims 9 to 15, characterized in that the second
liquid delivarydaezzie.has adiametet®f Bitgus mmid b iandronices e to
delivery flow rate of 300 to 2,000 mL/min. 17. The liquid processing
ﬁm@m&ya@ay@ng}@ﬁa@ﬁgméd onto the film, thereby stopping the

process liquid from dissolving the film.

12. A liquid processing method for dissclving a film,
which has a profile defined by a thickness larger at a
central portion and is formed on the surface of a substrate
while rotating the substrate in the liquid processing
apparatus according to any one of claims 1 to 8, the method
being characterized by 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.

13. The ligquid processing method according to claim

12, characterized in that the method further comprises,
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of the preceding claims 9 to 16, characterized in that the substrate is
rotated with a rotation number of 100 to 1,000 rpm.

MCSLLP

- 34 -

after said uniformizing, causing the second liquid delivery
nozzle to be located at a center of the substrate and to
supply a rinsing liquid, thereby performing rinsing.

14. The liquid processing method according to any one
of the preceding claims 9 to 13, characterized in that the
first liquid delivery nozzle is inclined by an angle of 15
to 75°.

15. The liquid processing method according to any one
of the preceding claims 9 to 14, characterized in that 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.

16. The liquid processing method according to any one
of the preceding claims 9 to 15, characterized in that 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.

17. The liquid processing method according to any one
of the preceding claims 9 to 16, characterized in that the
substrate is rotated with a rotation number of 100 to 1,000

rpm.



