; STUVe3eo: 0o7\: | 6T{1 19 FEB 2004 - 1 Method of formng coating film and
.apparatus therefor The present invention relates a nethod of formng a
~coatihg filmsuch as a resist filmon a seniconductor wafef,o b yer

fornmed thereon, and an apparatus therefor. 5 As is well kngawﬁEqaz he field

of sem conductor techniques, a resist filmis fornmed on the surface of a

| ayer as a mask for a pattern portion when a sem conductor |ayer, an

insulating | ayer, or an electrode |ayer formed on a sem con S

to be etched into a 10 predeterm ned pattern. For exanpl e, ammmmw&mﬂ'm@, S

known as a nethod of formng a resist film According to this nethod, a

table is rotated with a sem conduct or wafer being placed and f i X&FSt her eon.

For exanple, a resist solution 15 consisting of a solvent an

phot o-sensitive resin is dropped on the central portion of tﬂﬁmymﬂwmuwmw

surface of the wafer. The resist solution is spirally diffuse

central position of the wafer to its peripheral portion in accor@@t with

the rotational and centrifu 20 gal forces of the wafer, thereby coating the

resi st solution on the sem conductor wafer. According to this nethod, in
the process of diffusing the resist solution fromthe central position of

the wafer to its peripheral portion, the solvent in 25 the resist solution

evaporates. For this reason, the viscosit{ of the resist solution varies in
a diffusion %ﬁth of forming coating film and apparatus
er or

The present invention relates a method of forming
a coating film such as a resist film on a semiconductor
wafer or a layer formed thereon, and an apparatus
therefor.

5 As.is well known, in the field of semiconductor
techniques, a resist film is formed on the surface of a
layer as a mask for a pattern portion when a semiconduc-
tor layer, an insulating layer, or an electrode layer
formed on a semiconductor wafer is to be etched into a

10 predetermined pattern.
For example, spin coating is known as a method of
forming a resist film. According to this method, a
table is rotated with a semiconductor wafer being placed
and fixed thereon. For example, a resist solution
15 consisting of a solvent and a photo-sensitive resin is
dropped on the central portion of the upper surface of
the wafer. The resist solution is spirally diffused
from the central position of the wafer to its peripheral
portion in accordance with the rotational and centrifu-
20 gal forces of the wafer, thereby coating the resist
solution on the semiconductor wafer.
According to this method, in the process of dif-
fusing the resist solution from the central position
of the wafer to its peripheral portion, the solvent in
25 the resist solution evaporates. For this reason, the
viscosity of the resist solution varies in a diffusion



19 FEB 2004 direction, and the thickness of the resist filmat the central
_portion is different fromthat at the. peripheral portion. In addition, the
peri pheral velocity at the peripheral portion is higher thhl Etat20t the
tentral 5 position, and a scattering anmount of the resist solution at the
peripheral portion is nuch larger than_that at the central position. Thus,
uni form coating can not be obtained. For this reason, as described in Jpn.
Pat. Appln. 10 KOKAlI Publication Nos. 57-43422 and 59-141220, there is

pr 0\r/]i gedf af rrlalti&@@tQLonadjaﬁﬁi i’tﬂjga tel dlefpes ab ar enef ras:iesi $ti 1g0latt itore or ?_ |
met hod of filli e _sane sojvenf_as_in, a_.resi ol uti in.aresist film
formation at i ePFH%Eﬁﬁbﬁ5%§§%€€%5?%FiSEO%f%bﬁ ggl&gth%%%ﬁ?iﬁé;
resi st sol ut iportids .deday idsEH § ogpntheaper AppernalK@RAPCREY iadattiien Nos.

59- 11895, 61?%1:6_%%%1(1 Rhrdf0332% R gBthodnah dharPiRY thie spltvent of a
resist solution on a wafey surface prior to rﬁsgiﬁgol utigon coating is also
e

propose§. 20POFiHE¥or et Fottehoheyapoup Rt L1665 5dsiSQLWoiR i on
usedI in for man? the gsdrsipetan i sotatge. iEomuenafralrgl,er;)lﬂhxanl_ﬁkth:émf t he
total anount resi,st_-s | ont te u rnmtjon of. the
resist film t%t?r c@?&r#pqle?ﬂ#%lgg?gﬁ a ﬁibgrgh’tHbgfggés?s?tat%qr%]da% iBOtt 0&8 cc of

a resist sol gbt@ingd required for an, 8" seniconductor wafer. In the latter

method, it is diffdpulinio pbiabR, upkt eé%ﬁg%éidngna@%rﬁ.h%t I Npopln.
conventi onal probl egﬁp cannot be satisfactoril %q]%ol ved. It is tafg obj ect of
the prédent i i PR 30 377éCRGE cRoreddivdy T | er

amount of coadts mysaldrad om sethodsod edgusitiagl dineorteanb mmiferaf aa coat i ng
filmhaving i f,or i ess, apparatys. f ing to
an spoct | of TREH Ct fARCa: s RdBRgRR I nd ML e MoRFRY
forming a cods nig! 8 | F§SEDRpP PSP RGOPhE s Pep&SAfS tafpii P abi®Rnt of a
coating sol utdfosthere Soir§apprebsaevahsiraatieo ke o aleld/arit id9 FEB

2004 - st ed, rotatin he substrate applied w t ol vent at a
first rlg% ati onat "si)sele%@t%og?%f’ﬁgé t%‘g goels\?é‘ﬁ%etdﬁrl&gftﬁma‘nqgan ire area of one
surface, and Xgplryi ngK@KHI eHebedrrbédnamosnt SOf- 1AERS N s AT DN amd subst an
Stially the cenefs 9l thesuRshrgke (Wi dOtald NG 1lJih S UDSTL at&s fbt a

second rotational speed, thereby dlfLu5|n%the coating solutjon to the
entire area of°Bhel@urface vY8Irsdr fHEIEGH PRGN I1TR YiFtbiehe present
i nvention, a codisimates18)¢sepropndedt.or wafer, |iquid crystal substrate or

the ”K.fa means a sybs ga&srhg%etnfetm% a q%%wra,t gtﬂ@cémﬁg Lavegsigr a
| ayer of other material's such as a netal layer and sem conductor_l ayer.
Therefore, a Sebstienecuappl iad fRrMing SolRASHS Y ikt Es k2EIBvenFOlirect!y

example, only 1 to 2% of the total amount of resist
solution contribute to actual formation of the resist
film. For example, to form a l-um thick resist film, 4
25 to 8 cc of a resist solution are required for an 8"
semiconductor wafer. In the latter method, it is
difficult to obtain uniform coating and thus, the
conventional problems cannot be satisfactorily solved.
It is an object of the present invention to provide
30 a method which requires a smaller amount of coating
solution such as a resist solution and can form a
coating film having a uniform thickness, and an
apparatus.therefor.
According to an aspect of the present invention,
35 there is provided a method of forming a coating film,
comprising the steps of applying a solvent of a coating
solution on one surface of a substrate kept rotated or



15 applied on the substrate or a solvent applied on such a |layer fornmed on
the substrate. That is, it nmeans a substrate on which a coating solution i's
to be applied. The shape of the substrate is not limted. jgoyray have
a circular di sk shape, rectangul ar shape or the 20 like. Accorgl ng to the
present invention, a coating solution.ndicates a solution which present in
aliquid state by a solvent, as is conventionally used in the common field.
For exanple, it nmeans a resist 25 (photo-sensitive) solution, magnetized
sol ution on shepbeke. réd:adzrmhigwg:rteo sities freese rdppl i@t 1 oo, théessilzentf, for
exanple, a s o] far r t t tional speed
during coati %g é ggg% Og%t%’ﬂnsa[%‘ \Qré%cﬂzt?ndzieﬂ?ﬁ&dgﬁn@%%rgﬁégﬁg ozzl e P
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to4, 000 rpm rjci-glerQL gc\frr%t gﬁ%&%q\% Sﬁ%lq"z%P%& g Bg%g%l 39 gg V\af er:
secUneven Wassrfzgesdesfionw amamtinat £ 0 5t 02. 0 cc15 Uneven
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mrSuppl y Ti Pﬂe?: §> §h Y Nihe 2. 959&r93£§39uzhl 8sl QVﬁ\%tt'aq_n can be
erst oodf r ont

nmoreful ly un efollovmng detail ed description
t akeni ncon- j dRYEfoR M (FERIRC LAY E RGEr aﬁﬂﬁEe*Pﬁechﬁulblsérftles a
schematic vi ewpldwWdg ikl esiséToatt njadpastessaf solpentoddiregtd ymet hod of

132 o P 820y 4 20, STORUL VERL SheblE o e Thcn o
layer formed on the substrate. That is, it means a
substrate on which a coating solution is to be applied.
The shape of the substrate is not limited. Thus, it may
have a circular disk shape, rectangular shape or the

20 like.
According to the present invention, a coating
solution indicates a solution which present in a
liquid state by a solvent, as is conventionally used
in the common field. For example, it means a resist
25 (photo-sensitive) solution, magnetized solution on the
like.
According to the present invention, the size of,
for example, a semiconductor wafer serving as a
substrate, the rotational speed during coating a coating
30 solution, the inner diameter of a nozzle (second nozzle)
for the coating solution, supply time and amount of the
coating solution are preferably set as follows.
However, the conditions are not limited to these.
6" wWafer
35 Rotational Speed: 3,000 to 6,000 rpm
Inner Diameter of Nozzle: 0.1 to 2.0 mm



1 9 FEB 200 - 5 FIG 3 is atimng chart showi ng the discharge flow

rate. (driving time of a bellows punp) of a resist solution froma nozzle
and the'operation timng of an air-operated valve with a Iqqﬁ§ﬁgf[@Lne; S
FIGS. 4A to 4C are sectional views respectively show ng the i e? t

nodi fications of a resist solution supply Rozzle and its distal portion;
FIG 5 is an enl arged perspective view show ng a spray head used in the
coating apparatus; 10 FIG 6 is a sectional view of the spray head; FIG 7
is aflowchart f&EURDIH &iveg a nethod of forming a resist filmusing the
coating apparatus; FlGpi&t syarsghematic perspective view shouiig e entire
resi st coating/ devel opin %ggara us to which the 15 coating apparatus is
applied; FIGS. 9 and 1FHEA YRF€héective view and a section &fC
respectively, showWuppliheamwmanti cati on of a spray head; FIGS. 11 to 13 are
sectiongl views respectiyvel y2P-showi ng the different ntbdigitcoatlj Caﬁscé)f t he
nozzl e assenbly of a spray head; FIG 14 is a perspective view show ng the
modi fi cati on of a nozzl@essendffesnd a gl ass substrate Ca$ £DAHO *FF whi ch
a coating filmis go perdprned; 25 FIG 15 is a graph showi ng a thickness

variation range by the relatignship between the dischar time of the
resist solution ar%?%%l?%%t$8ﬁ§ ‘speed of an 8" gerﬁ%cog%dhc"t'ooro%aﬁ%?; FI G

16 is a graph shovimget heiareéberonfhNpzhéeween 30 t he dischargez t4 memand

t he di sgharge fl ow,: ofihbe resist solution, and the rotational speed of
the wafer; FIG 17 Llhglggy r%pﬁ showi ng a thickness variation range by the
rel ati onshi p between theldfk s¥RBREe tinme of the resist soluti dh BhFehe
rotati onal speed of a 6inSdbesewngenductor wafer; FIG 18 is a4 sehes@dicC
sectional view sh%ggl?nmg‘gg;:at us for formng a resist filmin a sol vent

Flat wafer: 0.5 to 2.0 cc

15 Uneven Wafer: 1.0 to 3.0 cc
12" wafer

Rotational Speed: 1,000 to 3,000 rpm

Inner Diameter of Nozzle: 0.8 to 3.5 mm

Supply Time
20 Flat wafer: 9 t1 sec
Uneven Wafer: 7 *1 sec
Supply Amount

Flat Wafer: 1.0 to 3.0 cc
Uneven Wafer: 1.5 to 5.0 cc
25 LCD Substrate:
Rotational Speed: 500 to 2,000 4rpm
Inner Diameter of Nozzle: 0.8 to 5.0 mm
Supply Time: 12 x4 sec
Supply Amount: 2.0 to 9.0 cc
30 This invention can be more fully understood from

the following detailed description when taken in con-
junction with the accompanying drawings, in which:
FIG..l is a schematic view showing a resist coating
apparatus for performing a method of forming a coating
35 film according to an embodiment of the present inven-
tion;
FIG. 2 is a plan view of the coating apparatus;



19 FEB 2004 - 6 atnosphere; FIG 19 is a schematic sectional view show ng
an apparatus for formng a resist filmin a reduced pressure atnosphere; 5
FIGS. 20 and 21 are a schematic sectional view and a schenmatic plan view,
Tespectively, showing a coating apparatus having three resil$t FEBI 484 on
supply nozzles; FIG 22 is a schematic-psan view for explaining the
nodi fi cation of the apparatus shown in FIG 21; 10 FIG 23 is a schematic
pl ane view for explaining the nodification of the apparatus shown in FIG
22; FIG 23A and ZF3®.ar® icy osst seitndg onhbrti ehuswiialgerhhal digdhiamge 23A- 23B

and 23B-23B i u{_) %Zr ﬁépfﬁéciﬁ/ﬁ%a;ofl & péfi1basa Bg”%tf' G Rléng i ew for

expl ai ni ng the ation o he ap ara hown 1n FIG 22;
FIG 24A and SoiptEan gus a62%7 vhal amﬂe&éet aRéﬁa§I18ﬁgtI1FHé’§ PEABUA and
24B- 24B inIﬂélrébbeﬂéﬁﬁﬂxﬁaL@éyw1EhGa 25pss afpkamevi ew for expl aining an

apparat s having ﬁ%g%$lc dlff6£ ngrgpgggt gg%i Fag% deiﬁwﬁé¥% a plan

V|em/sh i ng the i 6N a spray us Shown in
FIG 25. An eerhmcﬁn@nth@fd:cfm‘e'epe@éern@dmﬁ\;céﬁftmnwplfl abéfeéelﬁ,trli’deﬂd—lﬁlrprdet ai |

with referencg 40§ heo2LLONPRAYLPY §58WaN0Por2Iochn this description, a
met hod of formmg a coatin f|In1£nd a fornlg%F%p paratus or_ a coating
AFAGENPESH

appar at us accordi Hgt¢ o ¥ heS pPFRseR R Vise VaFH iSPH % %ret hod of
form ng a resiptay iheadfusesdenhcohducbart inaf eppand tasf;or ni ng appar at us

Lherel Ao 3070 oneHs, 8 HLG TectiBBaaliag BRPALAL US SIS @ Drocess

vessel a rotating menbe cal Iy anism e. a
spin chuck 2, a no?®%. 2& s%ich ﬁéoa ﬁbﬁ§é ﬁ@ﬁoﬁ&&i&}nﬁﬂﬂnﬁfmﬁthQﬁeﬁfng this

spin chuck 2, r@r@Pidaya hﬁaﬁllét @Mmau&cia@mtm @a%ftamgsrag&a&ﬂae process
vessel 1 houses a.tfég % i gate or a Sis lvéeéubstrale e.%%, a
semi conduct or waf e %V (£ ot He® rEF EP&d 1o PR SRERI Y N Y39 The spin
chuck entire resist coating/developing apparatus to whlch the
15 coating apparatus is applied;
FIGS. 9 and 10 are a perspective view and a
sectional view, respectively, showing the modification
of a spray head;
FIGS. 11 to 13 are sectional views respectively.
20 showing the different modifications of the nozzle
assembly of a spray head;
FIG. 14 is a perspective view showing the modifica-
tion of a nozzle assembly and a glass substrate as a
body on which a coating film is to be formed;
25 FIG. 15 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of an 8"
semiconductor wafer;
FIG. 16 is a graph showing the relationship between
30 the discharge time and the discharge flow rate of the
resist solution, and the rotational speed of the wafer;
FIG. 17 is a graph showing a thickness variation
range by the relationship between the discharge time of
the resist solution and the rotational speed of a 6"
35 semiconductor wafer;
FIG. 18 is a schematic sectional view showing
an apparatus for forming a resist film in a solvent



19 FEB 2004 2 holds the wafer Won its upper surface in a horizontal state
by vacuum suction, and is rotated at a variable rotational speed according
to a preset program A supply nozzle 3 (first nozzle) of a,s0 g A of a b
ctoating solution and a supply nozzle 4 (second nozzle) of sol ution
B as the coating solution, both of whichéare novabl e above the spin chuck
2, are close to each other and integrally nounted on the spray head 5. The
scanni ng mech |sn16 |s a nmeans for holding the 10 spray head 5 to nove

bet ween a sp Wai ting position and an operating position above the
wafer. A solvent smrpl ylpais andchemesist sealtibned su@pd wheating egpecti vel y

fromthe noz§!S§ ggg o t r nqﬁﬁﬁnlsns 10 for
setting the sd%aen ngngB h§ﬁ egrgggg%#u %gﬁd Iomnn rough. these
paths to preS%neSS#ﬁﬁwéﬁmﬁ%@heF@$pect|ver The supply nozzle 3is

connected to a solwed, tagkakd phr QHEhaas%(hle#\%&tlcs%@Hﬂiddﬂle Vidd$ gh@ol vent
supply path and an o enlngﬁcI03|n val ve term ned 20 anount of

the sol vent A& iFFRHBIELFVENENt AR 7br8§ﬁeﬁgl§&&§P|§ FEhE eF G in a
pr edet er m neceppaea bys cohatingl kthgeeheepriess sodudfica rmupplde r(d¥)1ems

supplied to the s nt,ta b f S0l
communi cates 25 mﬁ%%éa r%s?étngcﬁgﬁgﬁq?%%la%bVgﬁ#ggéz?ggﬁﬁélst §%Iut|on

supply tube gnedifieetice 8| iPRoAPRAFSIESHENIRYIA BUE Dadk val ve 8c, an
ai r-oper@t ed val ver$d, asbubbbesbﬁaﬁmm@ m«aﬁww&mﬁ&dmreﬁmmm@g and

removi ng bubbles in,t si_st t| f||ter 8f . belloms
punp 8g are s %é&ﬂ%h %89i8§ g %ﬁgﬁ Shﬂ%?tﬁﬂé¥£g punp 8g is
controlled by a drFﬁGng23&cahdn26B beeexpaﬁ@ama§tmuna%ﬂvEﬂnﬁﬂ§6K¢@r
exanpl e drop) , £, P éeﬂ%SE”‘zQﬁd 2%%‘)‘:!% %Br QSB'BStiﬁtSQ:'lf& 'hoi‘s 0%&5&&@{%9&

portion of the er Wthrough the nozzl : IS mechani sm can
control a supply afbtnt 26f1fhé F€§P§P§ﬁﬂlH%QQ?sﬁquuﬁoqteﬁgl?b%énghEﬁethat
in a corwent i obpbr bbodicihe odr iofi hfeseigamtmanylices,ie. B¢, a2bal | 19

FEB 2004 - 8 FIG. 24A and 24B are cross sectional views taken

along lines 24A-24A and 24B-24B in FIG. 24, respectively;
FIG. 25 is a plan view for explaining an apparatus

having further different spray heads; and '

20 FIG. 26 is a plan view showing the modification of
a spray head of the apparatus shown in FIG. 25.

An embodiment of the present invention will be
described in detail with reference to the accompanying
drawings.

25 In this description, a method of forming a coating
film and a forming apparatus or a coating apparatus
according to the present invention will be applied to a
method of forming a resist film of a semiconductor wafer
and a forming apparatus therefor.

30 As shown in FIG. 1, the coating apparatus comprises
a process vessel 1, a rotating member having a ver-
tically movable mechanism, e.g., a spin chuck 2, a motor
2a such as a pulse motor as a means for rotating this
spin chuck 2, a spray head 5, and a scanning mechanism

35 6. The process vessel 1 houses a target to be coated or
a disk-like substrate, e.g., a semiconductor wafer W (to
be referred to as a wafer hereinafter). The spin chuck



screw assenbly 8k constituted by a screw having one end attached to one end
of the bellows punp and a nut threadably engaged with this screw, and a
stepping notor 8h for linearly noving the screw by rotating the ptd .oR Mre
Pparticularly, the inner dianmeter of the resist solution supply nozzle a is
set to 0.1 to 2.0 nm and preferably =0’ mmfor a 6" wafer, 0.5 to 2.0 nm
and preferably 1.5 mmfor an e" wafer, and 0.8 to 3.5 mm and preferably

2.0 mmfor a_ 12" fer. In this manner, 10 al though the di apeter of the
nozzle 19 pr 2 BPAERy S A oo bralanides R HBU BE9EC oLt ReDREREPALAL can
be arbitrariktatet by tMaicunurhesuanigen ofadd 11¢ or8tdteth aknaanprdadde t he
nozzl e can s resy i i a or | onger

ti me. Wen tEggééégpéllgik%%%%ﬁgﬂghgg%én%ﬁi g?%%§§to?9?ﬁ%aﬁrln?ihickness is
degraded, an8UBRdY NCZzd 9 chgf firRt rerzaiesoPht fofodBeBtNAt Ofedch t he
periphegal peckitanOfsdiie M eina Hersupphe soBLLer 4syppkynamwiiz1@f) resi st
sol ution dep%gds on th |nq3{ di anet er gﬂ t he gozzle in%,the r SUﬁi for
20 suppl yi ng°thé FESIST SGHFRR B P hkRFeSPRFIREI §PiHY l?&pp&§ﬁ§&§{ m
havi ng t he akbNehaar@Engeveiile tdeovk sthar geini okuok thearesicdiossolat i on i s
controlled b e dri | {TE! epni r I lcows punp
8g (control %rate:rgll gggﬁ@%{ﬁ%ﬁ%i{lﬁﬁ'%eﬂgfggﬁg?ég g%u%%rgwt %%r esg'i st
solution is &€ [HFrarHeng MARCHPeieEn i onidf 2t Reapel Fews hpdfgngy the g. | a
drive tiome argraydHes speaas, meng toewepanangbeboshegdoperiatiren (ON- OFF

operation) of the .air-operated valve 8d_for openinaglclsing the resjst 30
sol ution sup@of At quqf aé%a?]%?’é?th%gSRS\%ﬁtf'nnFlaggvi %?’ﬁ’e & secnn'arage st eps
of the bel |l owolvent Sypply diathiesnd ntorasdskveciiaddon mup@ly tpatih peri od

after startingdiesahards) AHlInWga AcbLowsr at andr aduakiptisicreases, a drive
time (internedi ate perigd after dlschargggsTDZ %5 when the flowrate is

kept const antPerETIEE FIIHS FRERE (PREDER pePi 6@thSre g M%) TD3 when
the fl aw r at scjraditald yardectleasess i atcepdizngoho Bf ifllawfioygritigroudgh 9 FEB 2004

9 - Sonditians. Thadl schagges (supBl) AURYEL of diediagiaty sol uti on. and

al so the di scharge S supply e Can _beé accuratély ¢
control ling these Biepsirdhyl Hoselendaleorpnagtited. thhe &dcienth Nk G 3

indicates 5 @y itM-disE)a SEvERe SugbNgt eubadircalses 9 vlirsEhaigsL§ | ow
rate (this is roe§#$|onal to.th;cgrlglngvt me gf thgﬁbell\%%%niggdof t he
resist sol utiRFE ri tHe RZ2HRILCLRTPHe SBgFathn |ﬁ§ﬁ§%) H
ai r - opertat ed anaduret di)tmeaﬂdLVEDh,AsﬁncehphSQMwmﬁaquk1Inxnamihm of the
A L o LA
control | ed duF9He PhelaDItheDRreaAEr$DS Ipér PddE 198 (NxdarfR ®, S¥PRL 4P char ge
to the solvent tank 7b. _
The resist solution supply nozzle 4 communicates
25 with a resist solution tank 8b through a resist solution
supply tube 8 as a resist solution supply path. A suck
back valve 8c, an alr-operated valve 8d, a bubble
removing mechanism 8e for separating and removing
bubbles in the resist solution B, a filter 8f, and a
30 bellows pump 8g are subsequently provided to the tube 8.
The bellows pump 8g is controlled by a driving section
to be expandable and can supply (for example drop) a
predetermined amount of resist solution on the central
portion of the wafer W through the nozzle 4. Thus, this
35 mechanism can control a supply amount of the resist
solution so that it is less than that in a conventional
method. The driving section comprises, e.g., a ball



15 flow rate is automatically controlled such that the discharge flow rate
is gradually increased by gradually increasing the rotational speed of the
st eppi nd notor 8h during the TD1l period, is kept constant by ¢%@|ngthe
Totational speed constant during the TD2 period, and is 20 gradual
decreased by gradual |y decreasing the ro8ati onal speed during the TD3
period. As shown in FIG 3, the air-operated valve 8d is turned on in

accordance with the dlr@gerge st eps QL E g bel | ows pu 8g, and kept_on
during a pre®&Ehidnef qoééﬁb utgd 10y 521S9relc GRYINIa e &¥e end

of the dischamyadheﬂxtmﬁonéeemeléﬂﬁsﬁpubplngsTbahplandthedmﬁIcwm puip 8g
S e ned of feddnbilp! o4 dd® 00 RCLLOLTLA, 08| A%,APEl ALlphy 20 AL @

pressure acting on ion rou pi pi'ng f PO OWs punp
8g 30 to the 8upgRy lrmarelyl m@vm@iubba E@rb@ by tcnéuaébsngpérhfeomtng the OFF

operati @n. Thenef gestiastapilitynef lhhsrda%malea% of tt'&% @y 1§l sol ution
in a step next t he OFF operatlﬁn can nlnate%ﬁ and the resj st
e

sol ution B caﬁ?lbgt%ﬂfblﬁ%@ HPee %rgease§8f€'y!°9| el 235 S+ i of the
drive tines (pTﬂ:élfeﬂ'EDi’ly ando Trﬁ)ﬁ) fot &hé"behklfews pusptdg.2.anchnt hearfd\- OFF

oper ati on of E;]_lgaf rfltgdmr}(akgg 8d gr. wg%grra%’ggal ol % Ganty of | by t he

1 9 FEB 200 - operation nput er i's of a preset’ program
The |nportamﬁ¥4rPﬁ¢ﬁ?§%@¥Yn§ @fm@hﬁoér?véz |W§§6GTD11HTG®1%MWPHH§H of the
bel | owg counp Bk ékgh bend @gaﬁétbedoas thel hewz14f tier pree diaxahargs: fl ow

raieoftheremsts utio L8),S h thmfa ramtrn1nd mm nt of a
pr edet er m ned-t GI%F° %%%%r & gng ﬁts&?ﬁQf § 8l¥€ﬁ%Fge r&si dual
amount to be actﬂsx:thtaalgel:lylse’suppthed ahearlaower offl Gw1r atoe 3('ED3r)m I n ot her
words, 10 dur gar{%hecé@é p@ﬁéOHozEES é'aacggggqg (Latglvea g:r@é‘i@th'%ﬂl dual 1y

decr eased an ied with a ela e problem that
t he thi cknesstbf t?f%‘ﬂ‘%%? s?m‘PFPFn Seéoﬁ‘eéoflﬁieﬁné?rlmﬁ tr‘i"é‘eﬁbr"il’tﬁle?‘éﬁplpibrtl on
of the 1m ocestsimg igrgnbrtanuhefsohveq o¥5 tAkt €rinat edhi,ckdessli s€harge tine

of Lhe resislasgtaidan oRy eﬁoiv%' S4oy e QRENINO/G QN Non opsLa! i on
of a varlable I C provi to the resi st ution supply
nozzle ~. InQﬁﬁhI@%@ﬁ ?h% P@§F§ e§éﬂu9q6ﬁ18nm@¢l&@%ﬂﬂﬂﬁQRﬁjrﬁﬁr%5|ng t he

bel | ows punp &g Sfabuébrpsepplulyi émagnNZ o&a&etsqStth%deﬁdlsin PEpdh®n d@ank eb.

In this case,, the disch the resist s ion B can be_control |l ed
by adj ustnenttRT IHRSEr SLEEPESR: Pon tIHOREI0F R Hie RRERSITE SO ¢ he
systemadf thisuppbpiingebhhe sesdet2Soflld iconsunpti on annunt of the resi st

solution can be refyced, £goLaW 885,01 JNHYR1 S AGE SR Nith y eFRE!

above arrangement, the discharge time of the resist
solution is controlled by the drive time of the stepping
motor 8h for the bellows pump 8g (control precision:

25 t2 msec). The discharge amount of the resist solution
is set by the drive operation of the bellows pump 8g,
e.g., a drive time and a drive speed, and the
opening/closing operation (ON-OFF operation) of the
air-operated valve 8d for opening/closing the resist

30 solution supply path. For example, as shown in FIG. 3,
the discharge steps of the bellows pump 8g are divided
into a drive rise time (initial period after starting
discharge) TD1l when a flow rate gradually increases,
a drive time (intermediate period after discharge) TD2

35 when the flow rate is kept constant, and a drive fall
time (last period before finish) TD3 when the flow rate
gradually decreases, according to film forming



is decreased so as to efficiently clean a cup, reduce particles in the cup,
and reduce m st attaching the target to be coated. Furthernore, according
to an' 30 experinent conducted by the present inventor, it wasg Gepf ppped
tThat the consunption amount of the resist solution was decreased to, for
exanpl e, about 1/4 per day. Al though the’setting of the drive tines (TDL,
TD2, 35 and TD3) of the bellows punp, and the setting of the ON-OFF

operation of _t Iy er at ed e a caII r Ied b the
operation of cé)p‘g&%ﬁt?tner or é/agélﬁ'1 é%B?%ﬂﬁﬁ?y imoég tfo% Y ﬁreé?é‘

progr am thespéslﬁe@n,v@f@etatllﬂmﬁl’t%\rﬂb%chﬁdegena’epplly artbmtEr s@n yecor rect ed
and changed. ab&u%@c@et:uwrbommé@ Jchbﬁt%Pliﬁ “ch)és‘éo%rt%‘btse%l%@‘iy

changed, and a sequence e new X he resist soldtion is
di schar ged fPé’mlt“h@ e £ ?h%b%t‘:ﬁSBaEﬁ F&p\/e 38d NSHGAET®Sd to the

resi st sol ut laOItlslepqls}ecS)y,Staafﬂ dtlensord inbbe snpptyteezihe 4.isdiadgesi st

porton 10 of 1the Tes 41y afse#%é?ffﬁﬁa%??e FRETAER gl Lt St end
solidificati & ¢he rb@lrlé@ﬁj@#mpbs@& b@l nesbAtcanlbs ioneammedhd n t he

resi st sol ut in@9PRl Yadzal & dpat€hodi seRanges ra+hBldl AMRYEHa1Qf t he
resi st SO|UII%H B, when the resist solution is normally drawn in the 15

resist sol uti'é¥Supply nozzle 4 by the operation of the negative pressure
of thelduck back va \midﬁct',imr aimuadthbecdnstraktépd ofpertaed imorzdfe 4 al so

is drawn in ?Qg Of, o t st.,,S t ed to

t he distal e;t = e nozpkﬁ’nePS %%ﬁ?sg?hgﬁﬁégép EX %fé)&ttl hertlzj'bt@t cagﬁdgl ng

cl oggi ng of FW@QQ%RE(PQ%YIFP%dﬁW??Bhon?ﬁesﬁé?éroﬁ ithec Griems i &Pink
generation Ofarpafﬂl'iéﬂo?ﬁsdbi‘d af Both Of AEd bxndbeedom&lomedaraiutl ydreéd nay

be decreased er to e the above roble FI G 4A,
t he thi cknesEDc}f g[ngzo’rt?rb% yn%%ﬁl?ﬁa‘opgﬁfna %8 esﬁr}éﬁm&éﬁ% Ar&tpar ed
to a qﬂéneteﬁhﬂwzratﬂzi$e&mﬁ@md@i@éliheCDGStQﬂlsdlwuch1thqnﬂ@hmozzle 4.

That is, the fnezalf 4k CﬂW'é@@eal§W;!:BQﬁ'a§§£/ Qh%tr%las‘:‘e@dkﬁl)%t éﬁhé‘lb.l. nd an

inverted conical trapezoi dal poriion owi_n Indric

ol | Is°C
di stal end pdfiSIERSIHEL R, TAkakhorA |ﬁPPF@i O4B, h&ns&ﬁpé’rl QM%O‘&CBIFS
provi ded to tdheicyd itids iTml pesiad, end peptlconemamhetqp&manpng thee resi st

UL oA o ascbpPLRHL Bk (it ST 2l end
smal | - &i%anet Qraﬁéml]p\md@@heaﬁle@xbfénﬁrﬁéula&léi ﬁm:eeasnsmatﬁae i %0%®r med at
the distal endfathgpo&itdGaLlhY the TD3 period.

' As shown in FIG. 3, the air-operated valve 84 is
turned on in accordance with the discharge steps of the
bellows pump 8g, and kept on during a predetermined

25 time T (e.g., 0.1 to 1.2 seconds) after the end of the
discharge steps of the bellows pump 8g. That is, the
bellows pump 8g is turned off with a delay time to per-
form a delay operation, so that a pressure acting on the
resist solution through piping from the bellows pump 89

30 to the supply nozzle 4 is reduced to be 0, thereby per-
forming the OFF operation. Therefore, instability of
the discharge of the resist solution in a step next to
the OFF operation can be eliminated, and the resist
solution B can be accurately discharged every time. The

35 setting of the drive times (TDl, TD2, and TD3) of the
bellows pump 8g, and the ON-OFF operation of the air-
operated valve 8d are automatically controlled by the



19FEB2004 - 12 extending cylindrical portion of the resist solution supply
nozzl e 4. The suck-back is perforned near the center of the bent portion
4d, thereby preventing air drawi ng around the distal end portiog g&mghe
nozzle. 5 As shown in FIG 5, the tenperature adjustnent medrahts 0
conprise tenperature adjustnment solutionygsupply paths 11 provided to
surround the respective outer circunferences of the solvent supply tube 7
and the resist solution supply tube 8, circulating paths 12 10 each havi ng
two ends conmgeerect itan tde 4 woorepaise of obhtheobrespondi agpiresedr at ur e

adj ustnment s fqgf%?§upply path 11, a circulating punp 13 provided to each
circulating patlr 12, and therno nodul es 14, each connected to the course of

the circul ati ng pA&he 1¥MPYptakeRpifgths actEdpar afuitdeadirdyendnmesol ution C
(el- g., COPlst(anmt,ermﬁm atahﬁcehrpmgal Bat Ehp Bblao@'@g@hfm@t egemﬁarlatw e. Thle

sol vent ow ng_ t.hrou sol vent.,_sup t.ube, 7 _an e resist _solution
2t ot o« R AR r e £0TLEF e TRRCBRPERY PU3Ens-EE, B aR SR 20
const ant t enperatugsige. splutbont 1238 thyot hbaterppraterte radjneat nent

mechani snms 1 ' h I A o L Vv upply
nozzle 3 andq?ﬂgﬁggﬁagng @ﬁ%%?§é¥ﬁggg§?%§%31tEégkg?i F §§Fﬁ?ﬁ%n@§%%§|y 25
nozzl e 4 and ¥ ¥Eh¥Iedt uERBNreEPpEHY Lt BBEUAtate DSt Sgsahar gt mevl,
respectivel y.sisomiéd de sesowebedlbel eatei t(iroref.er ancoteFlwards, however,
t hey are preferab ely. fqrme T r h 5 sfituted by a
stainl elgps 30 Ggfrgler}gogggﬁﬁnsn %nrg?{jOygﬁee gr?f%?lﬁ-%’ﬁagg whcﬁngos}ﬁl ilc%
respectivel y aoadtally edeqecpardsanf svpprddedpatind B5 edradSorodedtimet he

gﬁper ﬁO{ %i onpid r & A8 8P e hgadblemERGR LtV @HEl &3l dieRUIb Mal e SPeexé€endi ng
roug e

| omer surface of .the spray.head 5 is farned . ,on the_35 bottom
portion of ea%\:\frhot?%?o‘ﬁﬁﬁh&t‘ﬁflﬁﬁéhgﬁol é‘esé’eé&ﬁ&%rfgs Pé’rﬁlr?d}i%%d’g%?ddl e
portion 5b whps&c@&aﬁngetabgebneanlaegspl@Ganard,_and a | owner .
| ar ge- di amet er £6E,2008, 1o BISHHN . 1Ak 1Y Ahfial -4 eadsi gyl or med
ace of thi’s en the

! . 1% ty
in the inner circunterentral sur | ower partion.
nozzl es 3 andﬁho%r@ahnéﬁtéanﬁﬁoﬂﬁéds5Wé¢hWEQ@Q§ﬂﬂﬁA;kf%4ﬂ9eﬁﬁﬁéation
arrangenent, éheacyhindpleabrigizkesndtantiohd Vil tes theonghisbhe
o ouah 1ol S, PoELROR  GolBRET (AN ot BT 010t dLigs cas i Ve
tion B may be supplied not using the bellows pump 8g,
20 but pressurizing N2 gas to the resist solution tank 8b.
In this case, the discharge time of the resist solution
B can be controlled by adjustment of the pressurization
amount of Nj gas. '
According to the system of this embodiment, since
25 the consumption amount of the resist solution can be
reduced, contamination inside the processing vessel
is decreased so as to efficiently clean a cup, reduce
particles in the cup, and reduce mist attaching the
target to be coated. Furthermore, according to an
30 experiment conducted by the present inventor, it was
confirmed that the consumption amount of the resist
solution was decreased to, for example, about 1/4 per
day. .
Although the setting of the drive times (TDl, TDZ,
35 and TD3) of the bellows pump, and the setting of the
ON~OFF operation of the air-operated valve are automati-
cally controlled by the operation of a computer on the



a synthetic resin and having vertical through hol es through which the
nozzles 3 and 4 can extend are 10 packed in the inclined m ddle portions
5b, and thread nenbers 17 having vertical through holes through which the
nozzles 3 and 4 can extend are threaded in the thread-nount et 9l PE®r2004
portions 5c, thereby pressing the seal-nenbers 16 agai nst the inclined
inner circunferen 15 tial surfaces of the mddle portions 5b. In this
manner, the nozzles 3 and 4 are liquid-tightly nounted on the spray head 5.
As shown in Be&is6ofam (prreismj: ¥ragrami etpesedspechira shbtdpger ceor f ace of
each niddl e partinan s r#‘eaHPP@EaPPistr'98r9£c€é§haﬁgal:hgﬁ 8. 1&n 20 so

t hat water-ti ghtnes t he cont our 15 d the respect.i ve nozzles
3 and ~ can B&dddd@red o ﬁuﬂQﬁrﬁp%lhﬁ1§rEkFEﬁHéanCPﬁéeEEEQra§érface of
the spray heathangaid ommdﬂaHSeqNEnnémscannbegnaWMyGadBeBdlng t he hol di ng

D Pvertboaln el ohatk WUL0. o JRCNRILAM § hsKnaded Chof age), and

Z (vertical) dire e spray supp y nozzle
3 and the re§Mﬂ@LﬂﬂnnazﬁﬁsﬁunﬂhﬁrﬁquebHChréaéEEeéplFépylﬁﬁdedxbetmeen an

operati on posiHd %saitgoa/esdlhet%@té@{; pprgyeee@f dtca@smaflﬁr t%a@@p@wI ting
posi 30 tion above a no zl e waj % g g In this, case, ki nds of
the spray hed®¥& e(If’i'CiZ}E %ﬁ'%l% %6 B4+Ph QCESF‘SéH&élgvmbﬁ(hsk‘lr eof t he
resi st sol utitemsicthain ithe tirenéouwwaspray hbaddiStaleepdeparddcat the

nozzl e yai ting g_q{etslrcggg& M{Dgnrgégﬁﬁgnggm%gnqlsup?kle r%%&}%zzl es 4 of

t hese Spray hea conmmuni cate wth t ch di rent resist
sol uti ons aréQ&ﬁﬁ%ﬁ#ﬁﬁFlQ%s%ﬁcﬁh%eF9slﬁHa@hF§Sé§§eS°éH¢}°Ph§§ﬂﬂh%ﬂ

rs1ol gt%on dt &E&lt@ﬂf Ir14’|théuf3@é5{sﬂ0§é|latéoh3sﬂb@\l @@ztz%eegachtsiorayd f
ea an ol ven y_nozz nt on.the di,stal end o
t he scanni ng gpﬁﬁb lgﬁvi e t%mB£E08WﬁBﬁFy°5ng§ % 3F5a0T O Erdy heads
5. Further norg, whqnlﬁh£5t¢$iyto$0£otventl§uppkma&d22H€§W® aﬂefﬂmnearly

di sposed, an r I 0 plyral f; pPrd# e al ong
the' Tadial OiTCart o o R B Ty B O B 1o et o1 s

of nozzles arEdRGNURFEDS P Y—Hedﬁf‘f:zr gﬁf:%dl‘@é-l‘(ér §& - 130WF rBHBPEANnd
changed 10 acdoy dliwgtdD ehdchar gref howzlet ¢, alllser elsy darabint riar ithe

O ebos vogs oL e, 1L L DRLLBRCEhEr G eaTEE 820, A3 WD ahdiR do t e

process vesse conpfl uter vessel la surroun g the

waf er W hel d Bie tdies&pl reatuek QheaﬁQZéAeaﬁn@mrerSnﬁéwe vezgdie |4 15
posi ti gned ne@desé@yl@a@hﬁgr&%?g% t e %feeho\&’z&@ ahavimg FdpEigent al

pi ece | b and cyl i'ndri cal aust po
di schar ge por*"cahe? Wk er p‘?’oWdEBnFBmﬁﬂé‘tﬁa LYmIFEEG nﬂé’%‘i%%%ssel
| a. An exhausthigtlpea?d tormedt bd teoiadsueisicet rm.m&,tkea wielad may be

decreased.
In order to solve the above problem, as shown in
25 FIG. 4A, the thickness of a portion 4b near the opening
is made larger as compared to a diameter of a nozzle
hole 4a of the resist solution supply nozzle 4. That
is, the nozzle 4 comprises a cylindrical distal end
portion 4b and an inverted conical trapezoidal portion
30 following to this cylindrical distal end portion.
Instead, as shown in FIG. 4B, an outer flange 4c is
provided to the cylindrical distal end portion or the
opening of the resist solution supply nozzle 4 so as to
prevent air drawing around the distal end of the nozzle
35 4 upon suck-back. In addition, as shown in FIG. 4C, a
small-diameter bent portion 4d extending in a lateral S-
shape is formed at the distal end of the vertically



20 vacuum punp (not shown), is connected to the exhaust port le, and a

| i qui d di scharge pipe 22 is connected to the |iquid discharge port |If. As
shown in FIG 2, a rinse solution supply nozzle 23 is providegl REG 20&i de
‘opposing to the nozzle waiting 25 position with respect to the spin chuck
2. The rinse solution supply nozzle 23-i $2also provided to one end portion
of a nmoving nechanism 24 for vertically noving and pivoting the rinse

sol ution supply nozzle 23. The noving nmechanism 24 retreats fromthe

process vess&XtEmgEnlureg kbtliesubppyrhgoa pEnsaessestisén sodmdisinvot s and
noves downwarseh e Mdesa s Ut"@kﬁ‘e%‘@@k)‘b@@l%z'l@ %3 rWairtiedd rlgve o supply

th | ut to_t h fth f The d

of For m g achadiak 5% |TheysThe BettaaR A appersPls BIaVERS i Shove.
arrangenent \diddwirng dessrndethead dhsteleeadcgotrdai@nf lodwttiramozadld-l G 7,

usi ng aEEBH mafer é%é&&%%h p@ﬁ 15tBé %%R§% a@&f§ l%?dgﬁﬁéﬁ%FNOVIded

to a wafer supportlng arm (‘not nmeans, er w which is
unl oaded and"r%fé'lamlcﬁf% ¥Q operapnaser @apﬁlréutulr@ e teetthes sk i omar y

spin chuck 2 b £asieys 51ﬁrﬁr&o%eghwﬂsur@@qn@eltdaea%ssgs&p@i&@d by the
spin chuck 2 g¥ vacuun1su tion égreklt ary os%tloméﬁg)t this
stationary st SET (Href P ET I 9PFESi R i FP-¢A%e SHP )%eth7tﬁn‘?otat|on
or is rotatedlst ﬂemmsts$@b@tioangeppéywéameaboutﬂimmhaiihgﬂphtMEn12 g.,
rota 1 ion QL P h | t onal bet ween
about %OtSOO taéoa%pgg% ;%% %d%o?g?}:{%ng%dsg%e?ﬂe rp% d{ll’l
proceSS|ng1%90QﬁRﬁE°Q.%%SStg@Eerétﬁre 245 usdmendy é&%ﬂtlQRM$4EP%N before
this rotati omath Lre afciethybtIngephayproprordided td MER)h asithe sol vent

A of the coatl sol ti i dro d an the cent er waf er
surface mnthln tbP nghsg% ERﬁ]%ﬁe@ 3%%t pﬁ1y N02Z é:%gé?é€§% spray
head 5 cIanpéUDb@heh@O@caﬁn@ﬁgtaﬁntﬁacudHKGNMDGEﬂﬂabbhe fidre keepiag portion

of the afer éN@é/m;Sé‘Pa@QréCé&ﬁ'hﬁgmgﬁ%h%@l%@l@n(%fe(IQe ﬁ) dhegkafpe sol vent

Ais dlffused al ong the entire surface of the wafer and scattered from
the wafer by YRRRRTH Fﬁep‘éﬁﬁnwégﬁéll 2% & %‘(ﬁftaﬂzt tPMRP IR 9., 6.0
sec, at high ﬁp@@bxve)m’amoﬁabwipgedhrwwetbei\mﬂrvétﬁt abopihl B, 000 to 5, 000
rpm e.g., 4, “ﬁ"% és"cﬁ‘g f%e siEyr lSEl)q]JJ ’flélu‘t}[ggeéné& PP €SS ~an
average varia ion ween erent wafers vari a nin a erage film
t hi ckness), tHee spesighusrlvtionr suapdy ffdw aalfmﬂafl Be leREcateag., 2.0

sec, atad oW sp®@stant temperature (e.g., about 23°C) by the
temperature adjustment mechanisms 10 having the above
arrangement.
In FIG. 5, the solvent supply nozzle 3 and the
solvent supply tube 7, and the resist solution supply
25 nozzle 4 and the resist solution supply tube 8 are
integrally formed, respectively. As will be described
below with reference to FIG. 6, however, they are pre-
ferably separately formed.
The spray head 5 is constituted by a stainless
30 steel or aluminum alloy member. U-shaped holes which
respectively constitute the parts of contour paths 15
are formed in the upper portion of the spray head 5.
Each vertical through hole 5a extending through the
lower surface of the spray head 5 is formed on the
35 bottom portion of each hole. Each through hole Sa
comprises an inclined middle portion Sb whose diameter
becomes larger downward, and a lower large-diameter



30 (rotational speed: range between.about 1,000 to 2,000 rpm e.g., 1,500
rpm (step 2a). Thereafter, the spin chuck 2 is preferably rotateg)8 t a
hi gher $peed (range between about 2,000 to 4,000 rpm e.g”13(ﬂ¥ﬁ al
speed: 2,900 rpm than normal rotational speed 35 (2,500 rpm upon
processing to control the filmthicknessldf-the peripheral portion of the
wafer W (step 2b). 19 FEB 2004 - 16 The rotational speed of the wafer w

is reduced to 1,500 rpm This is because it _is assured by an experi ment
that unevenn®®stdPn e r edistiFterRa bckiFdndhgipreedodbedRafl@ne v when

rotational speedunTdrdididledicethcandtt bhss UDENERNEBELISNt.0 Il avrnt ed.
The rotational _speed of Hpe waf er m/ié gqual 0 the rohatio eed
5@- mounted. E%

al__s
(rotational 5‘65 e52,39(ﬂ51 rqu'r)a’%ﬁjrl ng resi 54 %pf?rﬁ’o Sgddgsm b&d bel ow)
after the stémeofabnyspraassngenert avehageyvanfateh. ndhizd eiss 3pbecauge 10 it

i's assuged by, an jeperidEninidadntdhs tatahgangbianesd ks eifebld undo
stabilize the thickness of the Tesist fllg% and the effectlv%_stablllzatlon
is to be enh¥PRSF AR IRF PV EERNFaFE ENGpEEIPPARLINE SOEF1ES ahd 15 a

solvent fil mangl feor mcborariteasly faceioklt beabamenbelefl amse nidde s vent A is
dried), the wafer i,S. L O e t - Qt at | l._sp Nt range between
about 2,500 gng%ﬁ%élr%n%%%g.?}13,}Sgﬁigém%gggcf%%@%o%‘%l} hmgjlcegg;ti ng

sol ution, e.d@hraugh rgdsich tlturpdnlesabeanrd dupphi edtedomaed) fromthe

r esit ﬁt 1%0} ut ipytk%aof pﬂry_?ﬁgzixgcgi@@atda@d@@eg §ak%ﬁ%fsi @B ,Ofantd"ﬁ{&@éﬁlent I i IAm
on the wafer "surface within 3.5 segc,. (step : i me \when the solven

7S dred canTERSS hbd By 3 LSRR FRbnERER R BRLET AU GRS A | e

i nterference 2t frdanjess ad eand sdatty ecRéekdédaoe ttheesdrefdade dfhd he wafer W
t he surface A i i ngd.~i f i ' i nges
are not seen?&%%%s\gﬁ‘g%%&?sﬁa?iggdg%ﬁg?g%ygﬁrﬁovakﬁgeltbwe%{eﬁ;\%%f%gr%}?%g. In
this case, tFeBuMATRFFel ¢ oPrI3iBSEeENrs IR 1Sy NS TOfF THRESER DV 30
punp 8a,5i.e.tidls #Hivfaedsi sfothbemdBdve boge ioinFe sBR1, Irhethios mal drive

time TD2, and the driye fall_tine TD3.. By _this .arr.ange ., the ective
tines (nunberma}ﬁnecil'cl%h%t%%gfigﬁn%g%fjn eSéﬁdi‘ﬁtqlu %6%&%31%&??%%’%&?%
suppl y anountorofthéespesy shesadl Gti oAscanobe aocdift.elsy 3 MTLARYyl8

control led. The irPE@E;%QE'é‘é seeqdeaf thieuprber syt P oF nagsh nptadee set

hi gher than that 1n step 2, but also ma set ual to or |ower than that
inQStED portion 55Pahd the upper é%r%?o gl

n o ach seal member 1
20 so that water-tightness between the contour path 15 and
the respective nozzles 3 and 4 can be assured.

A holding pin 19 extends on the upper surface of
the spray head 5 at one side. When a scanning arm é6a
holding the holding pin 19 is moved by the scanning

25 mechanism 6 in X and Y (horizontal), and Z (vertical)
directions, the spray head 5, i.e., the solvent supply
nozzle 3 and the resist solution supply nozzle 4 are
selectively moved between an operation position above
the central portion of the wafer W and a waiting posi-

30 tion above a nozzle waiting portion 20. In this case,
four kinds of the spray heads 5 (FIG. 2) are disposed
in accordance with kinds of the resist solutions. That
is, the four spray heads 5 are prepared at the nozzle
waiting portion 20, and the resist solution supply

35 nozzles 4 of these spray heads 5 communicate with tanks
in which different resist solutions are contained,

respectively. In this case, only the resist solution



1 9 FEB?2004 - 17 2. At this tine, the supply speed of the resist
solution and the rotational speed of the wafer are preferaﬁgyiﬁbh

consi derati on of drying speed of the solvent. The above co R Ware set
to match dif 5 fusi.on speed of the resist solution on the wafer with the
dryi ng speed of the solvent, so that theltesist filmhaving a uniform

thi ckness can be formed in a small anount of resist solution. At the end of

step 3, the res supply nozzle 4 1 eturn toth iting position,
arid the rotéHHﬁiM of %%ePE%Yéﬁ a/?g ?é& é@rPa %4%§3%¢) or mal
rotation) tothet st vdnt crudpl gesos sl ep3dhnayAbkemotiodtedn@rprtdnessi stsal

finished in s JRONGL e polvenh sUPBLYBQ2Ee 23 i myedARpve (e

peri pher al e&b ion of 'Vent resi‘st is
supplied for used. forg Pl eehe ospragoheadand - reﬁb‘xféh@rﬂ@%uaﬂ ek ast

sol ution on the peyd p&tewén@ogupgn OBOEEQeWafBEVar\é/ 1\Mﬂéae:1tyhfalrs£§@§,é@nal
speed of the r is. k Lom .n _addi ti.on; e solvent for 20
resist is sp }rﬁ oﬁﬁ]av%&:i ﬁF%aﬁ?ﬁB 16572 £& OFh 6t p&m}) Yo ThPIoner

surface of t el omd eaxldlig otmennaélahedrleslcﬁpo_mlqﬁ itdre atafzaxhed 1o thes | ower
surface of the yafef; W{siep é?ltl%@efi B eftiePis S*Hﬂ‘%ééﬁe%oaéﬂdé‘%; REL aon

25 The coating apparatus havin ove arrangenent accor %y;o t
present inveritd GiPPS vs;%@lﬁéeaea*s disediaggec daavhg afifparafilisC ng%

Zem fOQCbUCt oradwcﬁﬁm@fwddggﬁhbegenmbp:orratt@q f’d)’ferl&%/blzﬂ:m.témtﬁl bcgati ng/
evel opi ng appar.at of the_ s conduct or_,waf er to be 30 .describe
bel ow). The sctp rh%rt 147 ‘it‘]hzcﬁagﬂ‘ét gEé)g\t |tr¢g/ TEK \Peeict() rhopzpza us in which
the coating appar aasissiéwn henabBdGe énb@@ﬁw@wpqa§ﬂrkﬂﬂqﬁﬁeﬁeﬁpm@115®%

descri bed be'epw_- PnSPouE] | BuELE véss%lr a8l $hu Gl eefr?éqpawra@
apparatus 40 c rlses a carrie atlon 0 at one en Iurallti #ﬁ
uct or

four) of cas§H%¥ PYB1therSROAL § HF QQI%ﬂQﬁ;?ﬁuﬁﬂﬂ Of VERTT
waf ers mg as pdthchrBe&Oﬁ)éar t8e aopmcessmfmg:é affjethe ama Her Mouateéd in t he

carrier station, 3, A auxLbLaLY 80 o oo agf ol oadi

pOSI tioni ng t con cent raP pOI‘tI on of
the carrier shmitépnadst mrh aenmgnga llqu1d discharge port 1f are

provided to the bottom portion of the outer vessel la.
An exhaust pipe 21 connected to a suction means, e.g., a
20 vacuum pump (not shown), is connected to the exhaust
port le, and a liquid discharge pipe 22 is connected to
the liquid discharge port 1f.
As shown in FIG. 2, a rinse solution supply nozzle
23 is provided to a side opposing to the nozzle waiting
25 position with respect to the spin chuck 2. The rinse
solution supply nozzle 23 is also provided to one end
portion of a moving mechanism 24 for vertically moving
and pivoting the rinse solution supply nozzle 23. The
moving mechanism 24 retreats from the process vessel 1
30 during not supplying a rinse solution, and pivots and
moves downward the rinse solution supply nozzle 23
waiting above to supply the rinse solution to the
peripheral portion of the wafer W.
The procedure of forming a resist film by the
35 coating apparatus having the above arrangement will be
described with reference to a flow chart of FIG. 7,
using an 8" wafer.



5 are provided to be nova'ole at the central portion of the resist
coati ng/ devel opi ng apparatus 40 in the |longitudinal direction and to

recei ve't he sem conductor wafer w fromthe auxiliary arm 331 9TREB Bl ous
types of process nmechani sns are di sposed on the two sides of transfer 10
paths of the main arns 42. Myre particulbBsly, as these processing

mechani snms, a brush scrubber 41f for cleaning the sem conductor wafer w by
bushi ng and a hi gh-pressure jet cleaning unit 41 g for cleaning the wafer w
by hi ghpressure jé GRRET % Parudtery 8% sppledded tReacHrfiedr S¥P-stati on

30 side, andptOWQl @Ry &l @i rtgowrm&@m{l)le age paisl ﬂn@szdl &ﬁ@se:df@ldviwo

heati ng unlts H# %t thﬁge UQ[%S ar e tac ed the 6905|te si de
of the transV Fhi TRy & 103? F8W geWS €3s ﬁFp ceds
stations. 20 iGnndvedsiade ’aj*iem‘ea’aimwerpr spiEsscheckaRi pys a2 aoenydyesi on
process cunit I r i 0 C waf er w
before 5 phot§%25|st i's coa edéﬁﬁ:%%%émgﬁgrQ%?FE?B§§CPg %% E@Léh a
connecti on ufiucds 2 Hif REHI i Fig biheR hEEeléméP§Eﬁs@@S&ﬁdé¥uﬂﬁﬁ adhesi on

25 pr Ocesshumd thligs ét@ﬂhicstgawlétélte atﬁedwaﬁegew e he st ackad i thwo ;
arrays eac cn St the t heat i nEts sideways .t nits a an
e Tuet s S L ARe YO OTE A0 RS B TRl Al g

sol ution on tﬂp&esﬂanﬂwmﬁucb@twmmeabwaréOBOtpaﬂaISIO@I yodi spgosed orptae

opposi g si dg jfpdnesheaiing, zs'@b£§mflllehahhﬁo§ﬁhlaqs'r%a&rl%ﬁasls dHudg 41a, and
the like to interpose the transfer %’P g he main arm 42. An exposing
néd

unit (not shoiPRgroekRRT ngP %PEr%déP@r 500c F&Fat tSerr orF A4 r esi st
film and thecidrdel aspeqpto 35500defgmsi dewdyy phecessiisig et iatgowppar at us

41d. In the resist at / deyel,0 g ratus kﬁg%g
arrangenent, 'Q% %nﬁ%gcé%§gd wgfb QEE éang 1 E%éHggiégi coated is
pi cked up frcﬁh1$m¥®@@b¥0%arll@rngoﬁymﬁﬁ@Yéu%rN%ﬁﬂP&MﬂﬁQﬁ@Qﬁa%ﬁ

| oadi ng/qunl oagy »m ”@é’h@i@ésﬁblaégttﬂeo‘faft%'é Wollt {ine swuﬂmeﬁyl@rm 33 is

hel d and conv the main_arm4 uentlal t he oces

mechani sns 41 M%% (iﬁﬂpﬁ?gﬁePPy%B §§§§J Ofyéﬁ¥ﬁ ?%?eVVIS
conveyed by twmtmmmn argn 420afgasac ﬁmdnst@eeddhvaﬂﬁ;suﬁp&ycnnzzbe 32 by
the auxil}aryarimds £9grﬁ9¥§cgmhs i ioye hid 0%&%@%@%9%@ pkhe

wafer w. 10 Th havi n di arr ghgenent Eas been
described, i ﬁ“%%haaob?eHEPeFﬁﬂﬁéé amﬁtl%rr S éth‘%é'f%ﬁe%cﬂ’ U?Y ohB8 i n the
resi st zpl utioratimdKgi SesbpplicRdst @sttleey wafler Wby supply sol ution

operation by expangjon apgd.catiagti an ;Qf 415 Reld W AT oghehPEre

surface of the wafer W and scattered from the wafer by
rotating the spin chuck 2 for about 2 to 10 sec, e.g.,
6.0 sec, at high speed (rotational speed: range between

25 about 3,000 to 5,000 rpm, e.g., 4,000 rpm) (step 2).
During 6.0 sec, in order to suppress an average
variation between different wafers W (variation in
average film thickness), the spin chuck 2 is rotated
for about 1 to 5 sec, e.g., 2.0 sec, at low speed

30 (rotational speed: range between about 1,000 to
2,000 rpm, e.g., 1,500 rpm) (step 2a). Thereafter, the
spin chuck 2 is preferably rotated at a higher speed
(range between about 2,000 to 4,000 rpm, e.g., rota-
tional speed: 2,900 rpm) than normal rotational speed

35 (2,500 rpm) upon processing to control the film
thickness of the peripheral portion of the wafer W
(step 2b).



15 ball screw 8k driven by the stepping notor 8h. However, a di aphragm may
be used instead of the bellows. In addition, a |linear notor may be used for
| i nearly nmovenent instead of the stepping notor, and a belt dril3efbfy20Be
used. Still further, an electronic air 20 punp for electrically controlling
an air cylinder may be used. Since the-tksrperatures of the solvent and the
resist solution are controlled by the tenperature adjustnent nechani sm 10,

t he thickness varlatlon of 25 the resist _fjlmcan be reduceg According to
t he conventi onal ﬁ%ﬁ"@‘é ?h tooI VAGeEelipdrat é‘cefcahe resi st
filmthickness is stom rr;_:at tmani:aerusf adbepauséoptoist hesprededyi vy target and
is thick at the peripher he-p e t he

cool i ng ten1§5pe§ﬁgF%}e§f?#?ﬁéé&%hﬁ%sg sfaéggrgggggt %5%%% ngpeklthat t he
resi st sol ut irownds %mqw%fwﬁetﬁews@h%@ntotété@a?édSpteﬁé prsesent

i nvent og CO”B'oth%éﬁc?HB oxpet i grnd GhabehhesyniEoLR) bal @'f@e@;%%t‘éfd L gel resi st
I’% ur, n

filmcan be obtained de ite of $ Eagge in coollng

addi tion, cof¥énth ak RPEAT R SovaffE Fed quPl m*i°s n at the
central portlr@rtaaflctrfael mmﬁsm@ta’aigaalaageeé t Ri, ok datr pirhe dueriingher al
portion of t %ﬁd n e n e erature
i nsi de the proceSS|n158% i 8% d%EQEEBéP ge&g&ghéf?%§n$g% n oling

tenperat ure. Q#mﬁﬁﬂﬁre%ﬁkﬁﬁd?hg @beiﬁ9§ ¥p5iamieRat Fﬁésré§i§@99ﬂﬁﬁlon is
suppl i g ff{ﬁrﬁ tltfse i esd kbthﬁﬂaéﬁ erEPb?ﬁ Bhe%e Rt 1ish\rRtaars orf | Ib {ms '3 an
experi nen a e un| rmthicknes e resi m.can be  obt ai ne
despite of a cﬂ‘ﬁﬁﬁgelﬁ e J%?“é?u%( ﬁ?g&élfﬁetg‘ﬁoi%‘slsﬁkﬁl&s\?ess% N9 0 the
above enbom|ﬂ£ﬂ;strﬁnkmram@@nbhe efhfiectheel8tedlivemtatdpplis nox e 3 is
formed in the spaydead 5 integrally mﬁth the supply nozzle 4 has been
described. The arrangenent, however, is n ted is and the sol vent

supply nozzle 3 mi§PeR PReVF dBdSPRt BGVEI P aRF? tie Eh§ bl i suppl y
nozzl e 123 t o supdlyedterf {bnsokvEéatmad showhei BuEIfG‘ﬁe @farthelwaflexr t hi s

| h d inth
exanpl e, t ebcoﬁg?go#ﬁgpgégggﬁﬁ 8 I,L%Std'ﬁ%tda n'vﬁa@érow sdszcsjcf)éaaff%dn' n_the

supply path &f ven the the Tesi st The
spray head 5 and-hseratahhonglarreed Gfl tﬁé’ §@;§1@rﬁ meEafedrMiEm 6 are

integrally fof r’gqyb and espssat vpe , ad). Bst,menty o90lddd orripply q@atdE 10a is
formed in the s a head 5 t he séanni ng arm 6a,, an he sql vent supply
tube 7 and tHe? Yl%%lﬁ?iBglgﬂpprgtubé &7 s ﬁ#l% FSuppl y
path 1Gm su)ﬂdp@liéﬁasanepﬁédneﬂpematMEenwﬂnxﬁrﬂﬂﬂuﬁmﬁnusuppxycan adj ust
the tem nozzle 4 on the central portion of the solvent film on
the wafer surface within 3.5 sec (step 3). The time
when the solvent A is dried can be obtained by an
experiment in advance. For example, while interference
25 fringes are visually checked on the surface of the wafer
W, the surface of the wafer W is not dried, and if the
interference fringes are not seen, the surface is dried,
thereby knowing the end of drying. In this case, the
supply time for 3.5 sec is the drive time of the bellows
30 pump 8g, i.e., is divided into the drive rise time TDI1,
the normal drive time TD2, and the drive fall time TD3.
By this arrangement, the respective times (number of
cycle steps) can be independently controlled, and the
supply amount of the resist solution can be accurately
35 minutely controlled. The rotational speed of the wafer
in step 3 need not be set higher than that in step 2,

but also may be set equal to or lower than that in step



peratures of the solvent A and the resist solution B. By this arrangenent,
the structure of the tenperature adjustnment nechani sm 10 can be sinplified,
and the'tenperatures of the solvent A and the resist solution $rean2@9 be
kept equal to each other. The arrangenent and structure of the spray head 5
and the nozzles are not limted to the-abbve exanple, and the spray head 5
and the nozzles nmay be di sposed, as showmn in FIGS. 11 to 13. 35 In the
exanpl e shown in FIG 11, the solvent supply nozzle 3 is disposed coaxially
with the resPst &l Fiisn tifispl vt AMROLY a5BeRd PRetbat seSdtc @®lérence of

the 19 FEBtaa%andZJtneSLwdaftmm esdeed h@ﬂ@ﬁésfva%@'rub'r@:nps:‘élp'y nozzl e
4 and the solve%% nozzl e 3. con tltutg g §8an®§t cture, and
the distal en§t (ﬂ%ﬂﬂﬁo%ﬁﬁﬂﬁﬁa 0221 813 E¥f89d§p %3 be | ower
t han t he dlss@ﬂvénénd d&ﬂ%ﬁb¢%ﬁ|@Qn@ntuOnsnasappby nozmadech disf-a natter

of cour ge, ?1 %h%”pdef‘e[sad sz‘ - Ofé’é V§9tséﬂﬁ9i¥n”8ﬁelt§1e w%@ézb‘%uaéhthe Sa”e

| evel as that 0 e su y nozz he for ner
be shorter. AbEe é’t%%lipeﬁf%eoﬁe’%lil%tsg%}’ﬁflrt@nsguﬁﬁlw ﬁ@ler@sd-srﬁf-lljﬂn be
di sposed out $1Iad'€intd1% S.Qil\ff.&:lﬂzim stipdWn 892 zken3beAfoghed inn aFlsmalll?2, a

mechani sm t hat r |st . S ply nozzle 4 and the sol vent supply
nozzle 3 areaSF%%%d ?f y SI%OP a %Ban outlet port 60 for these nozzles

is commonly used M’Cﬂ'ﬁe el oykdstds As thewnepaskl Gupidy e adist4aliend of

the sohyent srlé@:mrsﬁéaazed eck?é'ﬁal@§@§t§gsh'ﬂt19nt h%n%‘”t‘ﬁ@“rdt'?a@fbr?ﬂ”“' ar
sol vent stora e t ank %H% d inside tH E ? head 5 and havi ng an outl et
fo ok HC6F tRe

port 61 at tI® Q%QHQQ RE dff st £ 21 @805 L BEb| (RIS s uppl y
nozzle 4 is %@ﬂarmdnxnﬁnifmtahe Lppeorpact en i(stiege 4)he trafter?2 to expose

the distal e’?:%aﬁcfn{(ﬁ‘ggf{t?&é 1? ?hﬁlgﬁﬁbf'ﬁdtﬁ@ V%%%naetﬁoscg{berse%l dhihis

manner, since e solven %@Iy nozzl1’ I sposed at
the outer ci Rl aRZZXR %ﬁelﬁl@@&ﬁ eRBOSE the Pegiighels#44¢ on supply

nozzl e 14, th@d&sl&t @ﬁtﬂ@@edaf@rtxh,e Bagi st smkﬂétnltorfo%umas&ngzée 4 can be

cl eaned by the salve and the resyst soluti,on can be evented from

Grying. +her GOPHIATb IRy Geler ai 1 BnSEr f ARBECe s, ATy TS the resi st

30 A nozzle nﬂmimﬁuamnﬁﬁmmwmiaoEm€10m4onstQE|p&Mu@Hanakignﬁ$&¢mamfa body

on which a caatd ihddd W Suhe1 Qetﬁergsqa@%g 210 AP Fr i |4 k8 shape,
gular s a S use

but a rectan ape, suc as a Ss substra for L1 quid
crystal di splidy %aifarat u3; 5%ﬂdramcoaipn@ ﬂﬂﬁﬁpﬂsiﬁ?Q(ﬁQ#ﬁFQﬁ1?%¥s
substrate. | neddist exanppeaybhersonvanbasippile iz trokz4le disppsed al ong

t he outer C|rqynferencetg£ EQ%eEeghﬁ a%%|%%l%h SQEPG%:nggéerémoagd t he
the resist solution attached to the lower surface of
the wafer W (step 5), thereby finishing the coating
operation.
25 The coating apparatus having the above arrangement
according to the present invention is singly used as
a resist coating apparatus of the semiconductor wafer
W, and can be incorporated for use in a resist coating/
developing apparatus of the semiconductor wafer W (to be
30 described below). The structure of the resist coating/
developing apparatus in which the coating apparatus of
the above embodiment is incorporated will be described
below.
As shown in FIG. 8, a resist coating/developing
35 apparatus 40 comprises a carrier station 30 at one end.
A plurality (e.g., four) of cassettes 31 for containing,
e.g., a large number of semiconductor wafers W as



19 FEB 2004 - 22 distal end of the nozzle 3 is branched into a plurality
(e. g,, four) of portions in this exanple. As a result, the solvent is
supplied to the four portions at the sane tine. Preferably, 1thEEB Wbeanched
nozzles 3a are 5 disposed to correspond the four corners of the rectangle
simlar to a glass substrate G respectiv&ly. The solvent is supplied to
the correspondi ng positions on the diagonal |lines with respect to the
center of the substrate G at the same tinme. In_this manner, even if 10 the
substrate isar SCOSRFHAINT HEIUSI AN P tRRURBRIehh ERR FerFd4s S¥i¥ormto a
certain degreq.onPspl en afustitel &8} heenmof 3 f 06 A1 DgadineFuLall oaidimgwiddd be
described with reference ,t,o experinents Exge%inept.l 15 FO% %ﬁanpk o
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anmount i s detentinedd portEcoordfintize e hr dedegtatioh GAevehrdss atitse 4Bper
sur f-ace .of a _waf - [ r ot el-h$,Lha une has a
steppedsportﬁg%fyﬁéyiﬁgéwéﬁnﬁ%d“?ﬂégg?sgﬁaﬁgé gﬁ%&ﬁflfg$ﬁgﬁ2ﬁhé§2g9girface
i s set |argerasHait t9RaAting/ eYe PP 50T ABRAL F5HSefAnpie thehd alididnidige

?llrmunt f]9r t ke unemest sibd a£€d | 60 Ordcegveadlet bemdicaaldaicde Ay fwr the
at surface

is 0.9 cc. 25 In_this exanpl 0 f .the solvent were
dr opped on tﬁgquﬁh%ﬂaﬁﬁﬁi}%ﬁyo?rThggéur g%evéfgéﬁggtxﬁﬁﬁﬂpﬁg% f9%eS
rotating theneaflenisres are ol asponadl spesdeotw?, sddespmi thr@arafieni f f usi ng

the solyent alang tde ¥Wad efavhi Brhbeasir cusker gatialeudidact | oy dieddi s 30
rotating state, 0.9 cc of resi st solytiop were gkagped a? the cenira
portion of tH¥FQFEITTIRG HRFOrRNLABS soPvRALSA SREHR fart W LRI . e.

2 sec after dippiagiddredsotyentafier THebyebushisgl wnidora Biivgs- pirexppede whi | e
Lhe. dropping {fi Sehal@elq tifpeandql Be,r e abhons) pReedsdld 9ind Nesypler W
rop % prgperfy changed. Res

during and after opprny were . ults are own In FIG
15. The ordi meressyre| 12t 1%akapr a58nPTa ldrite fdfPe (ahi ¥kt SAF T H%F on

19 FEB 12004 station 30 side, and two developing units 4le are
parallely disposed and two heating units 41b adjacent
to these units are stacked on the opposite side of the
transfer path of the main arm, all of which serve as
process stations.

20 On the side of the above process mechanisms, an
adhesion process unit 4la for hydrophobically treating
the semiconductor wafer W before a photoresist is coated
on the wafer W is provided through a connection unit 35,
and a cooling unit 4lc is disposed under the adhesion

25 process unit 4la. Heating unit- 41b are disposed to be
stacked in two arrays each consisting the two heating -
units sideways these units 4la and 4lc.

Two resist coating apparatuses 41d for coating the
photoresist solution on the semiconductor wafer W are

30 parallely disposed on the opposite side of the heating
units 41b, the adhesion process unit 4la, and the like
to interpose the transfer path of the main arm 42. An
exposing unit (not shown) for exposing a predetermined
micropattern on the resist film, and the like are pro-

35 vided sideways the resist coating apparatus 41d.

In the resist coating/developing apparatus having
the above arrangement, an unprocessed wafer W to be



- 23 range) between a resist filmportion having a maxi nrumthi ckness. and
a resist filmportion having a m ni numthi ckness, and the absci ssa
represents the rotational speed of the wafer w. 5 As can be jappagesp, from
FIG 15, the thickness variations becanme mnimumw thin the respective
dropping tines to be as small as 50 2 orlfess when the discharge tine of a
resist solution B was 2.5 sec and the rotational speed of the wafer Wwas
1,000 rpm the dischar e#ﬁ;' tinF of Ege resi st solution B was 2.0 sec and
t he rotationﬁoiiﬁixfﬁﬁ ke DR T YPNaERS, $BBSF pRPEERETABSC R 8% i e of
the resist sextiildr®y veasn 13D sfBcaahdafhrgrohdbednal speddndfsnt,he wafer W
was 4,500 rp i epifl 1 resj st .sql uti B was. Q.7 sec
and 15 the rg%ﬁfﬁgﬁ23&§%%§§@g§gtE%é3§¥g;13§§%sggboéﬁ gSWbeﬁ% fﬁ*@c%ﬁgé, t he
resist fil nms ViesafedYortihdnakl e EMwe? eSBAHEBE R LIdFond her amadsiss

experi ment, idedradiging 4hatt@ 4iém BAdi pPoBedni/f 9&%%@5@@1.65%@?&%
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accordance wWitH % Vﬁﬁi%a g%st?%vﬁye?hgyrgé sPadyl Gtifot2 A el é"trfcgnshi p
bet ween t he ditsodeat gien tihe, wafierroéatienaB2spgedheamt xtild adivs Granr s f | ow
rate is sho | . EXper i : i .SQl utd he 25
di schar ge amnﬁt}lfirﬁké(? Oc%nﬁ%%é@%—b ?/ééraE?%c%gs?ggnggt%ﬁ%%lt%%le%sfa(r)rgehégf ect]'I as
descri bed ab&®re can be obtained when the di scharge ambunt of the resi st

sol uti qrodB isfset 'ltl'éeo%éllcﬁwé-ﬁurﬁg éFgr havfihglt asmbﬁcﬁﬁlep@rrtﬁ; Ja&latrfgénéht@c for
a stepped surface. rj t o[ .exanple, -.e .cel] osol ve acgetate
(ECA) or net rl{lya]%ngt}%eo&y%ér(%%§ %@e fwg’li%?é asgaéggttg:gl&lr\? ta%urgcnoo
di scharge andit desidet evedwbtionnBatookdanceswisth seladgree twfnkunevenness
IS BT i R 4 O 1 G AT A A
. Ve, , Vv ace. usi , 0.
cc of the sm%ﬂﬁﬁnﬁﬂQPcﬁ%%d%ﬂggﬁaﬁgfpgt°¥ %h§4bﬁﬂ%@wa§QﬂﬁH§hiﬁh%ce, and
0.5 ccléf theald wenteargk ddppped bp aheuséeepisur frader laht hikowsasp)| e,
t he sol vent : n e te ti fot ac f a6"
12t et or W e e bopuseR, asspan! Lot e MBS Sed i T 000
rpm thereby aid¥ti9hg 3 helRBpyeRPtaroRgyt Re Wersr TRy A Ra et i pher a

direction. | mdvtnted®t aiétgast aEeLhl. Et’é%p@n% fotefr t hevg esiwdisol ution B
wer e dropped(Pn.the cengral ggrtiggiga %u%twgger W bef ore t he ;g{gent A

rive may be us an electronic
20 pump for electrically controlling an air cylinder may
be used.

Since the temperatures of the solvent and the
resist solution are controlled by the temperature
adjustment mechanism 10, the thickness variation of

25 the resist film can be reduced. According to the con-
ventional drawback, by a change in cooling temperature,
the resist film thickness is thin at the central portion
of the processing target and is thick at the peripheral
portion of the processing target when the cooling tem-

30 perature is high. However, according to this system
that the resist solution is supplied after the solvent
is coated, the present inventor confirms in an experi-
ment that the uniform thickness of the resist film can
be obtained despite of a change in cooling temperature.

35 In addition, conventionally, the thickness of the resist
film is thin at the central portion of the processing
target and is thick at the peripheral portion of the



10 on the wafer wwas dried, i.e., 2 sec after dropping the solvent A The
resi st solution B was dropped whi |l e the dropping (di scharge) tinme and the
rotational speeds of the wafer Wduring and after dropping wed &EBr dfer |y
thanged. Results are shown in FIG 17. 15 As can be apparent fromFI G 17,
t he thickness variations became m ni num @t hin the respective dropping
tinmes to be as snmall as 50A or | ess when the discharge tinme of a resist

solution B was 2.5 sec and the rotat eed,of the fer Wwas 2, 000
LRErtelp

rpm the di sSEFAFEDRY i THFITC1HRRe GERSHEE WasSiden the RERY t he
rotational speethiofg tyessml eis\Wigls, 3s@0@lepntot hdedichainayegelrt ioeolofng he

resi st sol ut '%;%e s, 1. 5 996,800; { NEcratathanal, 39ed o ddie ppfery Y vas

S, 000 rpm an arge tinme of _t eres t|o sec 25
and the rotati&sidit syt 5Pnt he we&lﬁﬂmﬁero@@er palvandgi s sedked hi s

experi ment, 'ﬂhé ﬁ@é&@ttﬂ@&eﬁtékwbh@ikﬁ\g anuRinf @x?éﬂ]!nfé?{testﬁu&@”tl@é
formed by pro tatr onal

sel ecting the t he fer w
accor dance WI % d?%%ﬂ&‘?%@stf) BF Fﬁélﬁés:% Ms Q3 R?nv% ?F% from
bot h the expeldstrites,of he cshbngat 1A temgeappedeon nsidless Wagerofeddhiengaf er
W the wafer yuds,yotated at a predeterm ned rotational speed (e. g., 1,000
rpm, and the solvent Ais diffused over the 35 entire upper surface of the
waf er W The resi skRsbiret2bave peladdmgatgedon amrangsmanty fhat the
pr edet ergni nedssipart £@pPHlyonbz916c3f ars mr&edvxafnertheargb&ﬂ ®ad 49 FEB

2004 - 25 0.3 for for. .a edeterm e eriod of tine 7 to

2.5 sec for a:'rf‘%e E\g}& Wh%ﬁ %h8 F‘dp? §6&° orr}"aq'g:‘JD v&ﬁeé}) %cﬁbg%gdance

with the sizerlhd aheamaereenbef bpeevhe,smsv@mt Adirsithd eth tmisddandon, the

wafer W5 t dar 000
I's £l faéaﬁveﬁtasﬁggég ﬁBQ‘z'i%o T AL 'b%ngi oipfoe:.gh ()?np%_ﬁr59

rpmfor an 8" er m~f or ere re t he
resist film H'a%/ﬂh the uﬁi?‘%?nﬁ?ﬂri‘ékﬁ@s§ EFFe R Dt RHRREY aBBeof the

wafer. 1q adctgél@@mtaasagnunh ok resisst QSQalnld}t |1(m used can be 10 decreased.
This is estinmated {haﬁ&f%ngga&geer e%r set B eirsa ffug fﬁggméglcl ow

drying of the sol vent ' advance and e céentral
portion of tHeeqladrisw L0 @ﬁedeéppﬁﬁ@r din é’d@espmnhorpfﬁheof Ehe resist

sol ution B reaghesn® BA&ttAR rsmgqu!y th kef e L4 het ss)d;y@ﬂs_oﬁl Im
gradual ly dryin froth tr rtion to the per hef ede ortion
dries The YoRScnpPRvafifefing pog; ER GRS 25h oL URERBRATEat i 0
with gonal wethabhéniym & hee dodeigme ldppareatmeses a/mtémpeerd’escei béglugitth 20
reference to ) 0 S f i

appar atus 1 n BrES 5424k 808 5ukbly 2R 2L Sﬁ'%ef%‘ﬁ“@@n@ Bz, 30FR9, 1
coating apparaeades, agAdthedEcainndd Weser i §R 4 ofhn hek@o$od¥ entbe om tted
The appar at ussgppw ltﬂbE' G ah® lt%eCQfEéiéﬂJtﬁﬂltﬁtlﬁéh 2&@%&5/ tlBer @si st

b ocess vessel? ARSPRSEHarEy LiruRLTe Y ¥l A St ar 01 bRCKt ABpRANE of the
sol vent28 i s temperatued edgivddnend sealwtiqn dbecsenveémst_lthe tem-
peratures of the solvent A and the resist solution B.
By this arrangement, the structure of the temperature
adjustment mechanism 10 can be simplified, and the tem-
peratures of the solvent A and the resist solution B can
30 be kept equal to each other.

The arrangement and structure of the spray head 5
and the nozzles are not limited to the above example,
and the spray head 5 and the nozzles may be disposed, as
shown in FIGS. 11 to 13.

35 In the example shown in FIG. 11, the solvent supply
nozzle 3 is disposed coaxially with the resist solution
supply nozzle 4 around the outer circumference of the



30 The main portion of the process vessel 1 is constituted by an outer
vessel 30, an inner vessel 31, and a cover nenber 32. The upper surroundi ng
portion'of the outer vessel 30 surrounds a wafer Wand can vertically nove.
The inner vessel 31 constitutes the bottom por 35 tion of th8 pe&clls
vessel 1. The cover nenber 32 . covering2the openi ng of the upper portion
of the outer vessel 30. 1 9 FEB 2004 - 26 The outer vessel 30 conprises

a cylindrical outer vess R déﬁSOa surrounding the wafer w on a spin
chuck 2, and SHRB} Yn%l??f: ‘rl'rovaE & WAPH S305°MiiCed SUPRUYe PAR%Ye Vessel
mai n body 30and tiee veolveat!| guppligbhezz3eThe cobgaliltatenld Gtbleanp hise

vertically my nalﬁp% veéﬁacghgyﬁggggﬂg @nb%ngbfb \ﬁpen tgng ect to the

out er vessel rical wall e upper

surface of a M%%bmn %o?%?%ﬂdﬁlﬁolmwﬁﬁé itende Jesss then the i vak om
portion g3l a isndref etndl VeSﬂ@ltl a@qluwbwars@p@qya%otz@whﬁustm dagdteter

solution. A do hnut-Ilk r i s dis ed to be rotatable in
a hori zont al g?n%u’é?eth é %gﬁﬁegﬁ P%l dTVP %Hl%fboﬁﬁr%u 9h a

bearing 31d, mmyib@naécthd semehéespﬂnashamhtzoESﬂhBtﬁistﬁkuenﬁ & annul ar
sol vent reseryﬁérsg{;?fge pEHLeMIOSEURRGY SULACGS 9P S Lor e at the

peripheral edge e rétary nenber vent Ais
stored in theA%’@Wéﬁ’ﬁlve%épv@h@ éﬁéﬂﬁél spift iQnc\HUDREY 0¥z aks t4 drdY wal |
31g extemds desnaes oﬂéﬂebuthﬁdéotﬁ@ welvaras efinlly chedyned 31f of the
rotary nenber 3le, ? g ﬁlura%,I connunlcatlon_ﬁfrts 31h_ copmuni cati ng
with an exhaust pd?t TB°Y d|§bﬁhr H%eF $WRF porti on
are fornedzﬂS?ﬂ@bemnpéspplgngoe&lehé wadlﬁnﬂ amﬂdeniuﬁupﬁiﬂTmpdmhe Bi ke

cover nenber §z_2e Cﬁi@&éée§1éer %ﬁafs'l'a@ Shald =32 G Seocﬁ?&dt Yo arSHSPREGLNY
a horizo

arm 32a throu bearlng o be rotatag{e I n ntal plane. The
cover menber Z% 25t LGhEPPMOEHYalSES Y * 31le through a sea
menber B2d, e.g., A8 lewng;npmvz; ded ,3@He0 dﬂnetalnra{d oo f ctiné es et eat

surface of th&g@f?iﬁ'g ?&et €1 sel%c&r 'htd ”clr{e{"éof&{ﬁ@‘:{ SLAt&np @0
encl osed space S I ne the T |ona orce Tromthe rotarg
member 3le |sl%¥aﬁ@h1/ﬁfléd5{69rtaﬁ@ Eonér Gr?erﬁ%ﬁ“%?z imnideovks sRABErhgadis

vertically m)S(eQn@Yhéan§5a&U%I&Qfl‘éltn@)oﬁkrﬁnﬁzéﬂM'ﬂ@ ¢e§nﬁ/@ftl@@<h|t’h€DVGd by

a vertically pov (not_.shown).. A sol vent. su no zle and a
resi st SO|UtI%D tﬁgp 8n8§zlg? rEFéSQ Dhudi supply RE:0 887

20 p051tloned at the upper portion inside the tank 62 to
expose the distal end of the nozzle 4 in a gasified
solvent atmosphere. 1In this manner, since the distal
end of the solvent supply nozzle 3 is disposed at the
outer circumference of the distal end of the resist

25 solution supply nozzle 4, the resist attached to the
resist solution supply nozzle 4 can be cleaned by the
solvent, and the resist solution can be prevented from
drying, thereby preventing generation of particles by
drying of the resist.

30 A nozzle mechanism shown in FIG. 14 is suitable for
a case that a body on which a coating film is to be
formed does not have a disk-like shape, but a rec-
tangular shape, such as a glass substrate used for a
liquid crystal display apparatus, and a coating film is

35 formed on this substrate. 1In this example, the solvent
supply nozzle 3 is disposed along the outer circum-
ference of the resist solution supply nozzle 4, and the



1 9 FEB 2004 - 27 provided to be rotatable together with the cover nenber
32. The nozzles 3 and a respectively connected to a solvent supply path 33
and a reésist supply path 34 which extend through the rotatﬁ@gFngmw 32c and
are rotatably 5 connected to a sol vent iggply tube and a resist solution
supply tube are nounted in the cover ne r 32 to be rotatable therewth.
In the coating apparatus having the above arrangenent, when the solvent A

is stored in I t ke 1 i hannel £ \ qﬁgyer 32
i's closed, tﬁ%ﬂgé vé%$@A9f5§§éa§8%g?%d%a§§ %ﬁg%ég$ﬁfggﬁ%£%ﬁﬁﬁ%sﬁ%%r of the
sol vent A canl®edreafPuell PAsPAELiRESeAd] 6586 SFacwIZ5 orAs He FrUbkEs
chanber. In tins sdIRSRbele, sappesedt th kel FTohor BRE-tbdd e accordi ng

to the above 15 net hod. re.specifically, the solvent A.s dropped on the
water Wto 1 GG F1T1 of CRESEaPYEnT TROSE (HENRIRS, TRAATT® 1heiehcl osed
space 3% is fdisposedthotbersatpratiethsolfvent chrmdeforef tttee sdvemiglei s
dried, a resi tLon, B.i u L e pr 20

term ned roté?%%%g Ps%ge% %%gfﬁeeagFgga&%fof & pﬁ%%gﬁé%#ﬁﬁbdrgggiod of tinme
in a predet ers@HeRNBnbBnFUPBS18E £O fdEematd os@aAnding IRADHE 1 RS st f ace of
the wafer. Sifige dhegenali DInpEOGESS GRIRetPed AHEtditdhecSotNent

at nosphere usi hi s_apparatus, dryi of the sol vent after coating can

be suppresseds,“?lg% rﬁﬁ?f@rﬁl{:t %Hgf SEf %%W%t hi c,“kﬁ%é’ss dHHBE £ TR rl%

achi evedd | n the sbbvbradescispriestandvd asol Varfifussiser vof rtedbanokveltf is

provi ded on thenrolanyqaeghero3ke tof o ke dumner agpsel 31, and the solvent A

is stored in this 30 chinnel 3%&, SO h%iﬁgge saturation at npsphere of the

solvent is realize8¥PRBLBE Phe ﬁcpﬁgéﬁ’ & ing RS 18 hel st Puct ure i s

not limted twilhibe &oscexbdrdl @ith rfrerayWy efpdhtmeptyent Ais

di schar ged frggéép?m§8£v§nt supply nozzle 3 to realize the solvent 35
rdé"Th

at nosphere ins € 'encl osed space 35, or the mst of the solvent in
saturati®n state iEornereunded e tityd metdlust apberas (MYRY, 18. gsedan

inlet pipe, tgsrgakbiz®ent a,la%dFEBRA™MharsdB amount is determined
in accordance with a degree of unevenness (the upper
surface of a wafer or a film formed on the wafer is
flat or uneven or has a stepped portion). In general,

20 the discharge amount for an uneven surface is set
larger than that for a flat surface. For example,
the discharge amount for the uneven surface is 0.7 cc,
and the discharge amount for the flat surface is
0.9 cc.

25 In this example, 0.7 cc of the solvent were dropped
on the central portion of the surface of an 8" wafer W
while rotating the wafer W at a rotational speed of
1,000 rpm, thereby diffusing the solvent along the
wafer W in the circumferential direction. 1In this

30 rotating state, 0.9 cc of a resist solution were dropped
on the central portion of the wafer W before the solvent
A on the wafer W was dried, i.e., 2 sec after dropping

~ the solvent A. The resist solution B was dropped while
the dropping (discharge) time and the rotational speeds

35 of the wafer W during and after dropping were properly
changed. Results are shown in FIG. 15. The ordinate in
FIG. 15 represents a difference (thickness variation



t he sol vent atnosphere inside the enclosed space 35. The apparatus shown in
FIG 19 is constituted such that the resist coating nmethod is perforned in
a reduced pressure atnosphere. For this reason, the process 5 vessel 1 has
a sealed structure, and a pressure in the process chanber 49 EBBcE¥Y to a
predeterm ned value to performresist cod3ing in this reduced pressure

at nosphere. The apparat us shown in FIG. 19 is substantially the 10 sane
apparatus as that sho in gg}that t he sol vent reservoir

channel 31f i%2R%%®) pPBLTEEA. alﬁeFHF FOFE 108 Haeddig & imP¥HERncl osed
space 35 can beitclenssedahd a peedetefﬁﬂne@dwaumn haq}ngsﬁ)mﬂﬂ{Mhmby a

vacuum pup 36,1 COABES! edako AR SXBAUSL PG 2L SUNGHted I poftie exhaus:

port |le throu fmuni cation port ary nenber 3le.
' The coatlngsﬁé@ﬁo@flhh?hﬁaiﬁﬁawatus shomn in FIG 19 is basically the

same as ¢ he above- gBnthangd ERLRGENEXGERIN Ry, tife, %H@W]&Qﬁéfers from
t he above 20 solve t atngﬁghere .and a det |quﬁgescr| |on thereof will be

omtted. In tﬁéréB tPRY EEEs MR W At hied phEePRP 189 nce
scattering patimekesocae he ismaldecs tsowefr brt Heesconhuni ciette obi pohargdh, the

resist solutipp,B gp dr ?%B‘?‘c%t"%oﬁﬂ%l feé u¥¥§ S, Ay eyent o fLom ES?%]t er ”9

and attaching againto sur t he process vesse
preventing cohiaRfhatpPerdoPLt F@élevva'raefrer\Nwaa(ﬁaﬂuQﬂ(ésrmd ‘\'ah%ie‘éié‘aéérGﬁ

yield. i addtim@noEOtaéeve@tﬂs&n s@ﬁuaalrcﬁslzstwar@rilcylseeé roma athachbpg-to the
30 inner surface of the B ves%f ‘fccorq%’ o_the ﬁ%es nt bnventlon
since a snal | “afBant SBFC |st % 1 ¥ ety > Wi HeBnahie® AhdCrAEBEct i on
for the vessetimeeofiothei mesdeitswulng.ich dbatdamgl ap[meatwdihhahtohaa
plurality (e ¢9onaddshkaedien diy %aeﬁ'gjp%ﬁ%)%oéoéeé spauthen supply

nozzles 3 are provid to a spray e desc I be reference
to FIGS. 20 aﬁasgmargeltgmﬁE@ 2008 remishSahoweh BFYE 917 £6Gr 2R6zzI es

are lingarly dhspesedtabnihe sfied®loerchpardfon wivdbes ebongaprd sphay head
5 whose proxipal. _end on i s pi.v | | unt ed on_a hou 111 to be
rot at abl e abogﬁ ‘5§ 53§ an% ﬁ§ﬁﬁnnéé%%§lérép% r?%oﬁ?%lwﬁf g Rt
di rection indbcafedmby and@nmwwfmmm tthhies foupe norghes atelﬁnﬁednﬂogether
with the novegrat @f g $REALDEADLD:FINE ﬂfu@zn@@gz&sn%ésfB%eauapl ying
glfggygzi angrg%gﬁaytgzi %ﬁ%‘%%é%}oé%%lggg 4§pg£§ Ogrtﬁgpga¥lng
20 in accordance with the discharge time of the resist
solution. The relationship between the discharge time,
the rotational speed, and the discharge flow rate is
shown in FIG. 16.
In Experiment 1, the resist solution B had the
25 discharge amount of 0.9 cc. However, it is found that
the same effect as described above can be obtained when
the discharge amount of the resist solution B is set to
0.5 to 2.0 cc for a flat surface and 1.0 to 3.0 cc for a
stepped surface.
30 Experiment 2
For example, ethyl cellosolve acetate (ECA) or
methylmethoxypropionate (MMP) is used as a solvent A,
and-a discharge amount is determined in accordance with
a degree of unevenness. In using ECA, 0.2 cc of the
35 solvent are dropped on a flat surface, and 0.3 cc of
the solvent are dropped on an uneven surface. In using’

MMP, 0.4 cc of the solvent are dropped on a flat



10 kinds of resist solutions under an AND/ OR condition. In this enbodinment,
the respective resist solution supply nozzles 4a, 4b, and 4c are connected
t hrough'resi st solution supply mechani sns to correspondi ng tanks in which
the different kinds of resist solutions are con 15 tained {f&%Ptﬁgk 8b and
one solution supply nmechanismare represédted in FIG 20). h

apparatus, different kinds of coating filns can be fornmed w t hout

exchangi ng the spray heagd S. In th par at us accordi to the enbodi nent
Shown 90 'n FRELASR, anad 23 5t RE PEs ol SOLTBTon S ORRZS | 58 B e
li nearly di spaseden Houetete.the arrangenment is not limted to this. For

exanpl e, the nozzl b i se n_t i.reunfere Fng t sol vent
supply nozzl e as aﬁieﬁﬁé?.gfghgggrtgg%,ﬁﬁ%?%ﬁﬁfﬁJﬂa%d%%ﬁ$&%§ %%zgﬁa 3 and
the resist satertonal sBppticRo2Zl &bensed fnse I pr B/i dekkt ivefealVy in the

splray thes’;td SI-WEQIee%aagkfnga%n%en%g@?tre?:htaw & mbe@;ht ]d"%?ﬁ éfﬁ?ﬁa%fﬂ, L hed <
sol vent supply nozzle exte he ri rle spray hea

(in the exa eog%oﬁﬂmkngﬁ¥éfé22,l§6%§&&ﬂ|§§§sﬁéiﬁﬁQﬁi?ik%%pgh§ HB%%Fes 4a
to 4e are used)inFunhéhpenbpeerad ididiecetiedh by Irhetldoshedtét hegi atat&, 22, a

nmoving arm 23a ?upgo[)t ?ngca Il [E\?l\,%f Z%ls&%;)tg@oﬁqp@ilé'n r@é‘iégezgﬁ%%gﬁgeogurt her

ext ended above thé cenfer of "a a spin chu e sol vent
35 supply nozéhe QenhyabpePprévicde®ft Fhhevafist A kedood thessaiWentnAthis

ggse, a%jasm\r/]i Ngn MeEHaRLERL2¢ Ry B ieensti tdited teevestteal H¥oppYAgt BBear m
a, and the

- 3 109 E_B 20Q height, of the rinse supply.position by
the rinse solﬁ?}%ﬁnguﬁplyTﬁngFElf% §ﬁ8gﬁﬁé”h dﬁﬁso$r?38e§oV5éEF ghﬁply
position by té&eopppphy (déoszhe eyt ime iamdkpereentt yt chanyedpedhie oél vent
supply nozzl e [ h w W t hout
- extendi ng thet§$2?%gggago§g§?ﬁgpggﬁfggfﬁﬁg{%Eéﬁé#éﬁ ﬁ%r%ngfgg%?igs
i ndi cated by &R8REPA-|i RESHA S @re 3N % ¥ nmethani sm may be provi ded
to the ppposite sifde cappee lgfdardinte frodrlEEG 22) 7 of theethWatrheBs 10

Alternatively, as_indica .chai n doubl e-dashed | ine. ipn_Fl t he
rinse nechanigﬁ¥ﬁ3§lgggp%%%%ﬁéfaﬁ? %@vé%%hl gﬁ er?%psggé??tﬁg%§%§F§3a
usi ng the novihgegethabesms24mislla aserfi® or besal veep Kbeedimeharse23a as

i n]gii casNedTEy emrlnér BQWalgélsitsftersQf}XitrﬂB/ﬂ lr)m ngise ii@5§e%5aﬂez¥.hé %%ffao ]gheh
vef er W The sobuelt suphl ¥ nondl ¢ 1y e LLxed Moot he housing L g he
sol vent 26uppl ¥imezozlfe the memitsd stl et posi B iwas Wt boseci ahdr tael mgtes
tional speed of the wafer W was 3,000 rpm, the discharge
time of the resist solution B was 1.5 sec and the
rotational speed of the wafer W was 5,000 rpm, and the
discharge time of the resist solution B was 1.0 sec
25 and the rotational speed of the wafer W was 6,000 rpm.
Judging from this experiment, it is found that a film
having a uniform thickness can be formed by properly
selecting the rotational speed of the wafer W in
accordance with the discharge time of the resist solu-
30 tion.
Judging from both the experiments, the solvent A
is dropped on the surface of the wafer W, the wafer W
is rotated at a predetermined rotational speed (e.g..
1,000 rpm), and the solvent A is diffused over the
35 entire upper surface of the wafer W. The resist
solution B is discharged on the wafer W in a predeter-
mined amount (0.6 to 0.9 cc for an 8" wafer, and 0.2 to



20 | oadi ng/ unl oading the wafer W and the solvent is obliquely sprayed
toward-the rotational center of the wafer W preferably. The sEra f or m of
the sol vent by the solvent supply nozzle may take one flow!1%FEB %g't of
flows, or may be 25 not spreaded. As has been described in the above enbo
dinment, a plurality of solvent supply Ro23l es may be provided. In this
case, for exanple, outlet dianeters are differed fromeach other to contro
di scharge states fromthe respective nozzles corresponding to discharge 30
fl ow rates or0chafResai " dvaéna) géor| swpPrafeterndnesd e st def 8" &uppl y

different solyvenstdromtbecrespeshi ¥@ pezekesantiha .oz es. dryedefor
connected to co gesggg?hng%tanks and the
e

%in s of, soI%f t.s orﬁg di schar ge
sequence is sel®ct®d b§oBE APRFRg ¥35 o '%nﬂlaﬁxﬁ':%f%xﬁl $fons. In
still anot herbebate nghappatutns shawndirneBl.G I23 adddurigpr ayhdeeaiSe5aWt o 5d
are di sposed | y.,abagv : 004, 1~ i Ng h of
supply ﬁgzzle%§3§a¥§£%§ ?grgaﬁggﬁéggfﬁﬁﬁgﬁd%é;§$¥§n{}J é%o&%%%%ozggto 4d

for a resist 50P0@i BAMBEAF e@Br Bvi B Sitnt &§Falfl AP X &P Q%%p’?ﬂﬂi%@roﬁe of
the spr ayd_heasis. wEﬁ?B%Of _ Th@rafﬁlbayé,heal@z_ﬂe%is&pmrﬂ%dq@n%%oamﬂgg%gﬁba
correspondi ng,_ one, of _horizonta ext endi,ng arm er a ent
in a crank-sh%%éﬁkﬂ%ﬁﬁefénTﬁg SP%QFéeﬁﬁlg%gééb 5¥K?H%§a2%$ﬁ%%g%Fé 200a to
200d is conneEneddd btaoser pespordintg odne esfi stowmlivig poresehscanibet o 201d
on whi cfiy SUpP@Et rRhB&4! 9aThes! 94 exkanttHy wwe & 5 flhiesensopasieg portions

are provided wih bores 202a to 202d .for in the upper surfaces apd
supported in %ﬂiﬁFFQQ Bnis gégﬁésﬁéGHQ)4£iiﬂﬂuﬁf%&n£ﬁ%ftF?%.S?ﬁée?gbbe 206
can be noved dnoppedYidi néekinae lyda diffusgdreidmani s 20dnt aall pbetionr

ti t 0 0 ith this, t
The sams [ et PAtiEohackd EOEO IR ARIAN UG SOLOLOR SR8 CTeRR: O
hol di ng porti &as2sb B@légeti@@d@d reaclieg § it Suredtetehy BpFese the

table 206. Thuge 8ohokditngihal ¢ BRuand @ g irRetf 0dn 24e ha¥hBgat hpor-
substantial |y, sane dl% ter as .20 the jnner qganet%r,of t he, bores 202a to
2024, whi ch aE1PBr FBACOR PRE JESREAL FIHE EUT 131b FoHaThg DBPLPORYEEH nmy
be faced wit hAt Bedstipporespistt aed utheorbd eewftarly mea ofinf iermouatiing

portions 20la.te,28lds Theqlidiyng hole 6b is connected to a vacuum neans
(not shown) _ _ . ) .
Other coating apparatuses will be described with

20 reference to FIGS. 18 to 20. The same reference
numerals as in the apparatus in FIGS. 1 and 2 denote
substantially the same parts in the coating apparatuses,
and a detailed description thereof will be omitted.

The apparatus shown in FIG. 18 is constituted such

25 that the resist coating method is performed in a solvent
A atmosphere. For this reason, a process vessel 1 has
a sealed structure, and a saturation atmosphere of the
solvent A is constituted inside the sealed process
vessel 1.

30 The main portion of the process vessel 1 is consti-
tuted by an outer vessel 30, an inner vessel 31, and a
cover member 32. The upper surrounding portion of the
outer vessel 30 surrounds a wafer W and can vertically
move. The inner vessel 31 constitutes the bottom por-

35 tion of the process vessel 1. The cover member 32
covering the opening of the upper portion of the outer
vessel 30.



25 that is constitutes a suction port for sucking the support pin for
supporting the nounting portion. when the holding portion 2 % ePgEMHOWN
from the upper position onto the selected one of the mounting portions 20la
and 201d, it supports the nounting portion by neans of 30 vacuum sucti on.
The scanning arm6a is supported by a drige unit 216 to be novable in the X
and vertical directions with respect to the housing 111. The apparatus
havi ng t he above arrangenent will be described below 35 The table 206 is
moved in the Y dir &8 onter posssebn3@ heoser éeeedanoubtndy igedt icvrkesi n

(assumi ng the RigxA0HN i ¥dH §@§e§u£90§n89§gtt88 QBE@%‘ Roohhe Reliding 1
9 FEB 2004 - gﬁ%l Oftl%ﬁﬁflO Then, the_scann gg 6a is noved jn the X
di rection by i4re 12 A l?%élﬂﬁtdWﬂﬁab t FBh1228b SoNgFE4 dove t he
mount i ng port ithre 2Qed oresske hait obodye3dawnosbet hattikallgl diovablel.e 6b

is engaged w 5 a n it QN 2 IS
suppo?tgg by F%§I#§Q§§?&”§§%lp§8alggn oe Qg?tg?gﬁﬁb ﬁhggd b&ﬂlngégtn16a IS
moved upward &nqakixnquﬁngu@rnlen@b Ehpwﬂﬁhﬁlﬁbuﬁﬁﬁ@gcﬁoﬁg(ﬁh%ﬂﬂﬂianont

the table 206.yddxaddidiphodfesgpray head 5b is noved in 10 the X

direction to position the olve nozzl e .3b ab e the centr
ot on or Chevar & e LR T P B e R R B R RS G NRS R W

according to tdfe asattmttmatpmgtmnhmﬁaaim hhehenakaveeasseddizment schedeach of
the fou& ol v ar?9§¥l§fa3§saﬁ5§?er§8}g GQ gﬁﬁ%%doh% PPy ank

or a correspon |ng ore o1 varil ous erm ned anount o
sol vent can be&HiReEE rdny 2 RES nB2 kP E4ORn tﬁedSJaﬂémnﬂé?nﬁé-r}wasfqi?ﬁrtme above
embodi nents. Sidhbexr | yie eashd 0§pbbedf eur beegbsh t3@1E 110N 5 W V= diozl es 4a

to 4d is conne ted to a_20 ¢orresp d| one .9 nks t.ain
di fferent ki nds 3t at .’Fﬂ% Sobuti ﬁg 5’ gdﬁ%éﬁfﬁa\rin gﬁoﬁ%b of coating
sol ution can U'éxrsqmﬁyeai beaninbe3hdzzradf @pnaeplt@dlett@r iheedpar idhad 2i ne.

I'n the gaeating apparaidistdayi ngnt Bgnabaye s%ﬁ.ﬁz%ﬂg;e%%s@rmmrs'd}%@él 31f
arbitrary one of the pluralit t he spray heads can be sel ectlﬁ)/ﬁeegn%%used

resist films UHRTS dHFPRF e?l‘t‘rgéﬁal %Foﬁ?eélansbéoéﬁﬁdl P dtiRePert kpeed.
Si nce the comuﬂge(pbp@témonbehmeentah@ seabeirn@ 1@, M« aitk tdel venint i ng

portion 201b oes pgés gb?ﬁg ngv%%tWQEQEHU&TPWé%ﬁﬁﬂgfa ng, particles

which tend to ced at € Connection porti t a1| on the
wafer W FI Gmlmcanla@bavatbs@homluln 3|i|gGeXZandandiosﬁm@srcanm%t the

arrangengnt reé@I&éH‘@hi—@s@fvalE' BaE&nARAhANIFS Bf ?c5teaS:dtﬂa merPer Thee,
ar r angenent reI(%lons sane as .in FIG 22, 1%5? descri tlon

thereof will R DR Sk A e Bt oA S

with an exhaust port le and a liquid discharge port lf
at the lower portion are formed at proper positions of
the vertical wall 31g.

25 The dome-like cover member 32 comprises a rotating
shaft 32c suspended by a suspending arm 32a through a
bearing 32b to be rotatable in a horizontal plane. The
cover member 32 air-tightly contacts the rotary member
3le through a seal member 32d, e.g., an OFring, provided

30 to the inner circumferential surface of the opening at
the lower portion. 1In this contact state, an enclosed
space 35 is defined, and the rotational force from the
rotary member 3le is transmitted to the cover member 32.
The cover member 32 is vertically moved by the

35 suspending arm 32a which is vertically moved by a ver-
tically moving mechanism (not shown). A solvent supply

nozzle 3 and a resist solution supply nozzle 4 are



1 9 FEB 2004 - 33 by a person skilled in the art. In a nodification shomn
in FIG 25, tw sets of spray heads 5 are nounted on a scan B P%3§@W
provided to a housing 111 to be novable in the X direction] vent
supply nozzle 3 is nounted on the first spray head 5 fixed on the left side
of the arm 6a. Each of resist solution_sypply nozzles 4 is nounted on a
correspondi ng one of the four spray heads 5 provided to the other side of
the arm 6a through a nounting plate. 10 In this exanple, in order to

position a prpdevededned besirstaseblls drogaipy wiczz|thaboveet heenbatr al
ortion of a m c u fer and dde | a_is
P 37 canduabor pal ar Mand ok e N1eRg) €0 L0825 M3,

constituted t0o be nova o in the rive nechanlsn16
or the nountifglpeatesHepPEEnPRILN S 3}t @ & detfélfh*bv%m&l}’ nceéhlk Yadiwhéehi on

vv'hth respgftG tQtthe @h%@@h?)&é@ Q'rdt\éﬂzl fb%fhlﬁnz(z"@t z§c§10¥\9é rbleatalglgxarrpl e
snown I n ngat ed.s supportin ucal

o es | o ehnbefhel) 2B A SR Y 5] Rfl R A IO 1S
In this case, supplglmn@atadesmnmpﬂaﬁﬂidiﬁhﬁrnmumedn@nban aentbabeo extend

in a dlrectlogoggggggglgﬂ i@t he arm6a (X direction), as indicated by a
solid line; or In irection parallel to the arm6a (Y direction), as
i ndi cated by a dash&dthen€0atinchiaPRaGabie, hahinstee opgaredespragsead 5

supporting thgeA87zkBed ithePePlicdted aiwvﬂz@ré!@fﬁﬂi weagdlbaﬁtawls@&-l S
p05|t|og§d to natch

th I t
can be stppli &8 fo© Pﬁ&“ﬁ&f5ﬁ4% q#B%r $%n@ﬁ§é%foag %ﬁe S% e
direction at théveare At ilise e V3P KX atexd s&nn®o‘¢m&|m’;uaﬂtié@@ @Ampspﬁefrleeaﬁ on

Coati ng) sol UEhQnsoQ'izetxJ%eJJ ided Ry Lt@ay§£§d a§n§f‘§eaPH¥eeﬁ%B's'&Q %‘Haléé on.
As the resist solutl m Xt ur e of henolnovolac resin S napht hoqui,none

di azi de ester3 9rb§ @&°9§§§¥FW 3ot veh stRiR aEBPEPBRTEo 3" restst
nethyl-3-nethdxymrdﬂ|dmmmadP@ﬁ{tﬁnnWaﬁ@rp@¢n®rdid§0tovtheoabbwe 1.1 cps),

et hyl lﬁgtatemg%hbdQOiM&P%lggégfficélfyFEEthQélvent A 1s dropped

on the wafer W to form a film of the solvent A on the
wafer W while the enclosed space 35 is filled with the
saturated solvent A. Before the solvent A is dried, =a
resist solution B is supplied to the wafer W at a prede-

20 termined rotational speed of the wafer W for a predeter-
mined period of time in a predetermined amount, so as to
form the resist film on the surface of the wafer.

Since the coating process can be performed in the
solvent atmosphere using this apparatus, drying of the

25 solvent after coating can be suppressed, and uniformity
of the film thickness can be further achieved.

In the above description, the solvent reservoir
channel 31f is provided on the rotary member 31e of the
inner vessel 31, and the solvent A is stored in this

30 channel 31f, so that the saturation atmosphere of the
solvent is realized inside the enclosed space 35.
However, the structure is not limited to this. For
example, a larger amount of the solvent A is discharged
from the solvent supply nozzle 3 to realize the solvent

35 atmosphere inside the enclosed space 35, or the mist of
the solvent in saturation state is introduced to the
enclosed space 35 using, e.g., an inlet pipe, to realize



- 34 154C, viscosity: 2.6 cps), ethyl-3-ethoxypropionate (EEP, boiling
point:. 170C, viscosity: 1.3 cps), ethyl pyruvate (EP, boiling point: 144C,
VISCOSIUy 1.2 cps), and proplyl eneglycol nononethyl ether acetate 5 (PGVEA,
boiling point: 146C, viscosity: 1.3 cps), 2-heptanone (boili-d§ PEBrdgos 152,
viscosity: 1.1), cycl ohexane (used for -a@8ARC sol ution), all of which are
wel | -known in this art, can be used. Each of the above enbodi nents has
exenplified the 10 a ar at us fo forming a ¢coating filmaccording to the
present |nvenFF%nS%bg€PEdaF8°FH eF@sP§§%€%hﬁﬁ%ﬁy%ﬂﬁ%ﬂ%é&n??%ﬁe 35,

semni conduct or waf erheHapp¥ebtushshoappdmatius .carp e appistedttiioed swahi ng
apparatus for r S ar he
like, in 15 %gl ?I gﬁgt ggggrsue:sfzgt%tt%ng; %laeth%%s})i%gse%#&%dft”? gpre&?geé

pol yni de- basegresautagasopaphene(Pl or atfd@amaﬁfcgul utthe)rpx(cs&iys cont ai ni ng

a gl ass agenty-38d1t hephike, s%%l%d”%ttt&fc’&fréo%rﬁr? a ZA M dneA
nmet hod o formngacote film clccz1 ngthe%{ﬁ#pso 9 FEB 2004
appl yi ng a soPY8nESof Ca2t6ati n§ S et td avalipet Fat e

whi ch i s rotapeaformotasisg s@ladtlsngbstrr dthel shave g bl v sapel | ed t hereto
at a first rog@%bggﬂ% gpeed to diffuse said solvent over the entire area of
sai d one surface; ying a coating solution onto the substantially
center portion of ?é?da§95§ﬁﬁéﬁeﬁﬂﬁNQB#%HERQTmf%a}% Iypztrat Aty atB8cond

rotatiopgl Spfgaﬁle W@p@fialta%]lcﬂatss ﬂhratsrm&adi Nich @I@og%a r@x@fﬂmttnatovnédt Pel
entire area o one sur ace n ossible to c ilm
of unlforn1thF8EH8§§ rfsefﬁglﬁét ?Cd%&?ﬁﬁgﬁ% %I%ﬁ%¥ﬁde§hergpngﬁﬁ§

anount of coaappgrsbhsblgnpnesaurar1nuﬂnﬂchnnip$wdksp$mer©5ata0nab speed

of said substrakgcbR ey g{) etdlféﬁcewﬁéﬁ »dm&g ofg thesﬁ HAb, Oﬁ%t he

solution. 3. The nethod ac laim2, wherein t unt of the
coating sol ut V8FUHAd PHA® PétéHQﬂﬁﬂ &hed Ht %%F?P%Eb%%?%t%1aF@n§§Ft§9 t hat
t he thi gcknesstyathat exhaofst e oatediidugH athes Mrﬁ:hmmaataagepai:tnot nor e

than 50A 31h formed on the rotary member 3le.

The coating method in the apparatus shown in
FIG. 19 is basically the same as the above-mentioned
method except that the atmosphere differs from the above

20 solvent atmosphere, and a detailed description thereof
will be omitted.

In the coating process in the reduced pressure
atmosphere, since scattering particles can be induced
toward the communication port 31h, the resist solution B

25 dropped on the wafer W is prevented from scattering and
attaching again to the inner surface of the process
vessel, thereby preventing contamination of the wafer W
by particles and a decrease in yield. 1In addition to
prevention of a resist particle from attaching to the

30 inner surface of the process vessel, according to the
present invention, since a small amount of resist solu-
tion is used, maintenance and inspection for the vessel
are not time-consuming.

A coating apparatus in which a plurality (e.g.,

35 three in this embodiment) of resist solution supply
nozzles 3 are provided to a spray head 5 will be
described with reference to FIGS. 20 and 21.



4. The nmethod according to claim1, wherein the first rotational speed
differs fromthe second rotational speed. 5. The nethod accogghgg bidy claim
4, wherein the first rotational speed is a rotational speed f C|ent to
scatter the solvent fromsaid substrate, followed by further rotation of
the substrate at a rotational speed thc% is less than the forner
rotational speed. 6. The nethod accordlng to claim1, wherein the first

rotational speed is s bstanllaéi egg to_the second rotation speed. 7.
A method of forni AT & tOHt et f ¢‘/r1 tpf PRFngCERESSt 8pE dfinear y9 FEB 2004
36 appl yi ng @isgosa#t of theodisteyl sehdt pontdononé shef atengatedubstrate

which is rotadmg, Hdpma mgéepﬁeﬁgrg a1l @hat Fegtiéhd BUBILALA Y ving

solvent appliéd thereto to diffuse t sol vent over ntire area of said
one surface; W%H??ﬁﬂﬂ%ﬂrﬁ]QﬁP%h%%n%lbftEOBFlﬁ@t§8ﬁﬁﬂﬁoﬁb@Mﬁ)qrm
subst antsi al | yaeentielg pdhianioh said auhstiabatbor paapeedet er Minedtperi od

of tinme whil fro zz means, _whi ch ults |n spreadi,ng of the
coating soluﬁan to‘f%eqbé#?b e?%laEB?V|onL§i E& deHE 55& Grter to
formthe coateved Itnadthreurwibhnthai okresent8ofThéemstphrey deest ding to

claim7, whergid ftﬂes@ﬁéyﬁé\gs; spgedoof sEEEl?Qﬁb' ag s%@.lvlétn'ton dry tdeher
perlpheral portion of said substrate i.s su anfi al qual” to the drylng

speed of the SUISeMOzaien 42t hdB- of MR offi ﬁgeafpésﬁgtpprwlrﬁg COrh g 8y
step ofloappl wWingis bl yvesisof saluesost sabeti an (ANDO'IGJR &idi’nfdﬁiﬁﬂ.cﬂ‘f aIin

senlconductorﬁggegm ghois rQﬁQtLQQBF%tZEgprg 51520 24 fgﬁ£%%ﬁp£%|vent

sem conduct or Wat ef having sblvent a héreéto to use
over the entifZ s . sﬁbd aneé éGrﬁaéeCOPhéC¢@§|§mﬂqq9hfnﬁ3m$@ step of

appl yi ng an ayumied é@%;bﬁ @@EH&hQmesr e @o@%élp%nfaa\ﬂ G ah iKY edet er mi ned

i nner di aneter e s anti r portion sald senlconductor
wafer for a (ﬂﬁ{hi{h #hé%eﬁﬁPgeL¥8g % gé.&ts iﬁﬁﬁﬁﬁﬁ at a
rot at i drfal sﬁ@mﬁ&ﬂ agmﬁotamkGBBoandpwpethelpéwqm suyphy(meqnamhimused
over the e”tiéfé§¥§§ﬁéée§@é QReR grfg@g of said sem conductor wafer to

formthe resist uni f orm t At ckness.
n this apparatus, different kinds of coating films’

can be formed without exchanging the spray head 5.
In the apparatus according to the embodiment shown
20 in FIGS. 20 and 21, the resist solution supply nozzles
are linearly disposed. However, the arrangement is not
limited to this. For example, the nozzles may be
disposed on the circumference using the solvent supply:
nozzle as a center. In addition, the solvent supply
25 nozzle 3 and the resist solution supply nozzles need
not be provided integrally in the spray head 5. For
example, as indicated by a dashed line in FIG. 22, the
solvent supply nozzle 3 may extend to the right or left
of the spray head 5 (in the example shown in FIG. 22,
30 four resist solution supply nozzles 4a to 4e are used).
Furthermore, as indicated by the dashed line in
FIG. 22, a moving arm 23a supporting a rinse solution
supply nozzle 23 may be further extended above the
center of a wafer W on a spin chuck 2, and the solvent
35 supply nozzle 3 may be provided to the distal end of
this arm. In this case, a moving mechanism 24 may be
constituted to vertically move the arm 23a, and the



10. The nmethod according to claim9, wherein the rotational speed of said
sem conductor wafer in the resist formng step is said to be |ower as the
di aneter of the sem conductor wafer, selected for coating,] pe&EST0s | ar ger .
11. The nethod according to claim9, wherein the rotational speed in the
resist film 1 9 FEB 2004 37 formng sté® i-s 3,000 to 6,000 rpmfor a 6"
wafer, 2,000 to 4,000 rpmfor an 8" wafer, and 1,000 to 6,000 rpmfor a 12"

wafer. 12. The net hod accordlng to cIa|n19 wherein the inner dianmeter of
the nozzle i sh®ightgof. BhenT f-BFeaSEPP¢NPASIdI@NOLYWATE L ISR 13OPUO mm f or

an 8" sem congdush osupplernoanle028 b@d3t51dTm51@h’@o]f2tl’$§rE§P@éiM§t or wafer.
13. The net hod ac ordin to Cé? 9, wher.ein th %h resi st
st

solution is apprf Pﬁs h&°Pe | SRR NTF @?% " PHEPFRSs for
an uneven surdactlyfcbahdedeni &‘bﬂdacvtlmenioafsmppw amqmlre si)rmaxo be

sem condgict Ord?[‘@{)@EeQa’t‘.bQQré that uAce s the Wé*fé’&?tvmﬁl@ﬁ&ﬁ’x‘.d' ng to

claim 13, mhereln t he sug ying time in the resist filmt ornlng step is 4
. +-.2 sec foreRtendinguf ﬁcérﬁf2§363Q9¥ﬁ(ﬁﬂﬁhﬁﬁ%ﬁeWwﬁ%rth% waiep Wec for

an uneven surfaseeeall,aab" mamcemdmbtyora wifgin Bine-i? BEC. f22, athkat
surface of an_8" se or +r 2 sec..for_an ungve rface of
an 8" senlconﬁﬁ% %rﬂég QHEE@ mfvaf (ﬁ?%vﬁdeézq t@ﬁu?@ﬁ%ﬁ ? Qiég

sem conduct or (WaPer, LeAd gide in &46f &2 armlunewewaies dée of a 12"

Se”‘Conﬁ@CtorA!@é?hatl5el hea@EHBQQd%¥éHWEyKhtéhé&&“é%&ﬂlemﬁgéﬁéa the
anount of the resist solufiagn plied the resist fil ornlngggt IS

0.2 to 1.0 cct#BF &%fFaf-sdréra Qﬁr%Qﬁ? BRI DY V%TEFOVB ©2.0 cc
for an uneventharﬁaferow gide senmpdemcuctlor awafex3za uSing €hl goeviag a flat

surface of -ang gg&ognggor %%ﬁﬁ; ;ﬁpé%§%%%f%;: % &eangng¥Sn2§grface

of an 8" senlcon r wafe surface of "a 12"
senlconductoraﬁa#éﬁlcéﬁédlbg B8 RIFt ¥t eﬁh%ﬁ@@%nﬂ%ﬂ¥$§c§h6frénfg'
sen condect or nwatee. 236ton@enakth-apcordlng to claim9, wherein the

e greater for sai A GoRia8 ARt COPRI! IO FEA Mt hr e veResbr 208 i

conpari son t ohauséngcadaduetforthgafcsrathiand neprefd s sus imgemodAtimbge net hod
according thepghg® Inotheneivh t.he fesisis SOA4d | 0Pnd Ss@1 PhxtULEpRhy

nozzle is mounted at a position without interfering to

20 loading/unloading the wafer W, and the solvent is obli-
quely sprayed toward the rotational center of the wafer
W, preferably.

The spray form of the solvent by the solvent supply

nozzle may take one flow, or a lot of flows, or may be

25 not spreaded. As has been described in the above embo-
diment, a plurality of solvent supply nozzles may be
provided. In this case, for example, outlet diameters
are differed from each other to control discharge states
from the respective nozzles corresponding to discharge

30 flow rates or changes in discharge flow rate. Instead,
in order to supply different solvents from the
respective nozzles, the nozzles may be connected to
corresponding tanks, and the kinds of solvents or a
discharge sequence is selected, thereby obtaining

35 optimal coating conditions.

In still another coating apparatus shown in FIG. 23,

four spray heads Sa to 5d are disposed in an array above



19 FEB 2004 38 phenol -novol ac resin and napht hoqui none di azi de ester. 18. A
met hod of formng a coated film conprising the steps of: applying a

sol vent ‘of a coating solution on one surface of a substrate virgh @4
Totating; rotating said substrate having solvent applied thereto to dlffuse
t he solvent over the entire area of said,one surface; and sequentially
applying the coating solution froma nozzle onto the substantially central
portion of said substrate over an initial period when the discharge flow

rate of the Laphidih Oiyilon.egmdaﬁl !sMpmeﬁa%Qiesa@al rRben@edict & peri od
when the disc ﬂar & j ate | ubsta tial lé gongtant, 4=gtn%ttrhe Iast Spcerl od
when t he di %ha af%cér% ui?P? Hegpé %8 |I8 |n§‘§é

substrat e, tﬂuﬂuﬁWOM|Bf@sengr@hededatnhggse&&wl@n @VGDHMagpﬂndungznnﬁiof
sai d one surf f r at r h il vgqu e

| ast period |§C@%)ér)1t r%ﬁgdﬁg%g Ea&ﬁogg %% %r%q:% %@ngat eof r};]?d&éé‘
conpri § ng thie @%%@n@)f9fa§pF9Fﬁ§S§°§éll@6nPn§f of iz 31 lrt i on on one

surface of astdisd 118§ Cahi GBmberE0b8LENGL ROLA! ibeg tsaind as Whmatshdpad ng

I t lied th t i ff t th t f d
one. Surf ace: M GFSoaqUERE | S PG “aBRty Phg “TRE. Caai iy 201 MR TS O E bzl o

onto the sua&htisl tgnoeatedl tpoat b@mr@fSp@alddnngbs’ter atfe mowayt g ipRx+ al
period when Eb&@ﬁ&bgrggeﬁb@w bat @ancht &% sk ar rﬁsoll@a &b %?@L@l’ié/nd
| is

i ncreases, an I nterne eri od when the e flow rat

subst arft i al 1yPRRFSt ant! eéﬁdeHétllégt PR&S 104 Wi ® tPrFé"’d1 dHge ka%W"? ate
gradual | y dezgzases E\DEHefb@Enéﬁl ne amed@ms:t rsairef addwerahy dipfousted ihe

coating sol uti g&égg@rf’}th (Egylreezgr eaC t{et Oqje?l ilgnfea n?g s?h?%subst rate

to formthe ¢ wherein at arge e coating
sol uti on andtahked2gél erat b@nn@weﬁhenr éﬂ@ &f drigtemtiiom diy tmen%srw period is

control | ed. rﬁeéhgnfgrﬁ 209, 3%naotn/é rf%tdloqlnd@j‘ntfﬁgﬂp”&@m%t@@ﬁltm 2014
conprising the sfeps.of: appl

Ut acks of sSBbRer At BOWPVRS) EEbL AT MHHAAY e G P SUBEE r RS havkng
sol vent appl sednhbrgetent 6adiifsf diespdeedalasanttioveratthe 206 j ref awvkacbf said
one surface;hgfging portion 210 is extended so that its lower surface
may oppose the table 206. Thus, a holding hole 6b and a
projection 212 having the substantially same diameter as
20 the inner diameter of the bores 202a to 202d, which as
formed on the lower surface of the holding portion 210
may be faced with the support pin and the bore of any
one of the mounting portions 20la to 2014. The holding
hole 6b is connected to a vacuum means (not shown) so

25 that is constitutes a suction port for sucking the sup-
port pin for supporting the mounting portion. When the
holding portion 210 comes down from the upper position
onto the selected one of the mounting portions 20la and
2014, it supports the mounting portion by means of

30 vacuum suction. The scanning arm 6a is supported by a
drive unit 216 to be movable in the X and vertical
directions with respect to the housing 1l1l1l.

The apparatus having the above arrangement will be

described below.

35 The table 206 is moved in the Y direction to posi-

tion the selected mounting portion pin (assuming the pin

201b in this case) to a position opposing the holding



sequentially applying the coating solution froma nozzle onto the
substantially central portion of said substrate over an initial period when
t he discharge flow rate of the coating solution gradually in¢gepsg®ggan
internmedi ate period when the discharge flowrate is substantially constant,
and the |l ast period when the discharge-fgpwrate gradually decreases while
rotating said substrate, thereby diffusing the coating solution over the
entire area of said one surface of said substrate to formthe coated film
wher ei n the pespiden v Wi sctheye theescofining anint 6al ipemoyggd am the

i nter medi at e ypeyii,Qtht ;K dhechasdr peLi Qi ar e1kndependentlincyyitalded. 21.
A nethod of formng a coat'ed film conprising the steps_of: applying a

sol vent of a APt UT N St BheTORRF 4B8 BPTELALIPAR FWARITT ot

rotating; rotat idunesaldvsubsttiade tlawi hglddhyehbleppb ad teherefed twoith f f use
t he sol y¢ent ire saj ace; t r,Q.ld a punp to
supply %he cg%ﬁgﬁéﬂg%fﬂ%i hn?%?% %%%z?égtﬁggﬁgghg gﬁggﬁgﬂbéghjtggéaid punp
over an initisMPRsEticsl hihetne heokid segapgetirow2iite o tidscaddaty sol ution
grgdgal Ity :lnccrr@%%tsam?fhg r%ﬁ?ﬂ?é’:ﬁé temeeé_aogp%%e i tgi_es@ﬁ%gae LHP&N rate i's
substantial |l y const anj e | ast peri en the discharge flow rate
gradual | y de@rJeGasté%aJsbf%gt % @ﬂ%%?&nghBOEgéf’Pnéoé%?l dt5°8h g"aqu'ee
substanti al | yy2oxent rat gdditbonof tsai dprayateddsshbstisatmevecdchemeby di f f usi ng
t he cogtyj ng t4 o . the,eng | a i e i
substrgtde to oe?n%t epéé(g%%%g ??I%ggﬁgggl Sgifenégég/iegﬁsﬁaﬂgg%%%f% %i% 1.2

sec after saidPINAP-Ie <eRpped; PARBEERn 4t theayr fsme “of tﬁhﬁ%ﬁ%ﬁ%&ﬁgeatine
of the coatingespititfoimans tbemdecehetall aarefr WhedRi® afg res aghen of the

| ast period is _controlled. FEB.2004 4Q.,22. A nethod af formng a
coated film %ﬁﬂﬁw?%?%b“?ﬁ882%8§sa8f%nagﬁﬁy%HSVE §3ﬁ§é meQCsa'coating
sol uti on on one sWEdakeodf theslibgtr ape vahitcisupp Liyotratd ziges ra atd ngd sas d

substrate havidig, S0l 4Nt 2RPLLRAChNEREKO At 28 ddrivils Sl PTBhe SPEEd tO
di ffuse said solvent over the gntlre gr a oiH%%;d one surface; and agglylng
a coating solYA§+PHOnt®kfe &0BsPaREEASEFIEE ﬁmHQQQNPQﬁS?%N?PEu% rate

while rotatinge seprapgedsitanetat Acgsedesd inotaid aremle spetkr tae fnrsheand
second rotati gl . speeds hehng substantial)y saudlys Wl EhfesulLs: b
coating solutl [ ce as

spreadi ng of . on-over "thé enti're area of sai'd ohe surfa
evenly as poss¢bieien $epmls BoZEéast idamter 4ehilforaannrelerdsse 23. A net hod

of formgg a €oatésgohiihAYy 6ABPLIES ARG KNISIEPTIH 2 SURPL FEdgeat SRLNEB Of

a coating solution pon the center of one surf of a substrat ichis

bei ng rotatedD%rc%?gbﬁgds?$BFﬁgnFPr 5§£rE§§iﬁﬁW%ﬂﬁ% ﬂHﬂ#@gtﬁg center of

t he substrat ecoabinggsthetibnstanobel edmedie fndrsi e atothkecEatea of the

substrate the%géé Ebrﬁ?hééiﬁgrﬁgﬂ sybstyat e having sol vent applied thereto
SO th [

to diffuse th vent “over e entire area of said one surface;
In the coating apparatus having the above arrange-

25 ment, since an arbitrary one of the plurality of the
spray heads can be selectively used, resist films under
different conditions can be easily formed at high speed.
Since the connection portion between the scanning arm 6a
and the mounting portion 201b does not pass above the

30 wafer W during movement, particles which tend to  be
produced at the connection portion will not fall on the
wafer W.

FIG..24 is an apparatus shown in FIG. 23, and shows
another arrangement relationship of a rinse mechanism,

35 as in FIG. 22. The arrangement relationship is the
same as in FIG. 22, and a description thereof will be
omitted. However, its content will be easily understood



novi ng a second nozzl e above the center of the substrate fromthe outside

t hereof; and supplying a coating solution on the center of said one surface
of the Substrate while rotating the-substrate, thereby diffygigggt

‘coating solution over the entire area of said one surface to forma coated
film 19 FEB 2004 41 24. An apparatus figr formng a coating film
conprising neans for supporting a substrate, with one surface facing upward
and rotating said substrate about an axis perpendicular to said one surface
of said substbgate; parspeaskidnedf ilinstthfoAtite having a first di scharging

portion, for SUDD' !h”ﬁ ﬁ\oé@;'f\i@:%tt,io\f\fms@fbvﬂi SiSPIveS, 325306‘%6‘%&19& ut£, onto a
rotati on center g a of said su?gﬁ%g nmeans for rg % t he sglvent
to said firstSRESY| Beads Pedlf BRENIESOMT oA HA A" Qvias

di schargi ng pbbta honssugpnyungdahamewqpkﬂﬂnn|the(xldime¢tu@mlonAcenter

portion of sa R;‘:t rsgé)%lgf hg)rzﬁ%olé cad i eo{) ed N&, solyept, dé i,d first

nozzl e on sal strat second nozz el ng di spose ra ely from

said first nob@ﬁé SnEanedf on dlispllETiy Tite attilgy aon g2 on E’@C%a@ﬁ second
nozzle, said peanstf @olsupRLYiIsNBHIRe oAl S0l MthOambayisg a contai ner

t th t | uti t th_f
Cont ai ner o COAAAPEACIAG (Re ' L CHl st &/ e pupd FRRHESR of®
suppl yi ng phetheabth@rssmma(mf|hhexﬁnm(ﬂnnthrmngmoasamdntengnplabezle
through, gai d ¢gmgypiscaty ;}ﬁ l%at Myn z;ﬁécﬂer_p‘%) d 2%&9@&1:8%%8““ and

a st eppl ng not or or exp ontract ng Sal gu SO as
cause said beFFé%étpE@&WF}QﬂuﬁHRP he'RpEt ¢ RPILE UERencenkrAs PeFtion
supporting at olfeasisepnedidusdidk fdsdr andas®cosd v zZhEsz88¢hthbBabrmai d

supported nozzl e, anes et,ween dr.i rtion abov sa, d.substrate and
a waiting posz3 gt \Agcoefﬂ acno tb$ %‘?%tgf%ogf??oh? gﬂﬁ n%éﬁ?c%'ﬂif’n
controlling the atdmmwg;manhﬂnlﬁmmﬁel@rsamd meansifigr ptoher okl FAgstie

Stepp'an”DtoEu%%@t&g5%édeUéEhéﬁlﬂf%hétfﬁﬁiPQcBPéHrw?EﬁegeQBeEEeto
rotational spee sai d substrate, r controlljng a discharge tine of

eb
the coating sGP@U@ﬁm\ﬂﬂ(QYfQCﬂﬁﬁ%ﬁnm??%ﬁ?¥ﬁE é%%BnﬁhBWgéharglng port of
sai d second nozzl ein i RERBmEIOL shown in FIG. 26, an elongated spray

head 5 for supporting a plurality-(e.g.,'three in this
case) of solvent supply nozzles 3 in an array is used.

20 In this case, the elongated spray head 5 is mounted on
an arm 6a to extend in a direction perpendicular to the
arm 6a (X direction), as indicated by a solid line;, or
in a direction parallel to the arm 6a (Y direction), as
indicated by a dashed line. 1In this example, the

25 elongated spray head 5 supporting the nozzle 3 is
positioned above a wafer W, and the arm 6a is positioned
to match with the diameter of the wafer W, so that the
solvent can be supplied to the wafer W from four por-
tions along the radial direction at the same time.

30 A resist solution, an ARC (Anti Reflection Coating)
solution, or the like may be used as the above coating
solution. As the resist solution a mixture of phenol-
novolac resin and naphthoquinone diazide ester may be
used.

35 As the solvents, in addition to
methyl-3-methoxypropionate (MMP, boiling point: 145°C,
viscosity: 1.1 cps), ethyl lactate (EL, boiling point:



42.25. An apparatus according to claim?24) wherein the neans for supporting
at |l east one of said first and second nozzles conprises a spray head for
supportilng said first and second nozzles parallel to each go¥pgrgand neans
for noving said spray head in a horizontal plane. 26.. . An apparatus
according to claim?25, wherein said spr head conpri ses means for

i ndependently selec tively adjusting tén%%ratures of said first and second
nozzl es. 27. An apparatus according to claim25) wherein said spray head

ComL Ses, oAy o aaliag a4 { ek andefesod RRkRl SRl it A

tenperature paratus accor foc I m 2 er conpri ses

a vessel encﬂ@ﬁﬂnghﬂﬂkﬂngnﬁﬂkﬁﬁir&ﬂ%n@nsVaﬁ@°§aFd filr 3t CB8d s&idWd nozzl es
and havi ng ap?{Q‘Iu\b%ﬁ:t Emspds@ﬂem@ep@mtanmu\hereb@s@o@ll&g;al 1end of .said

sccond nocel €L bos i cnet [ Sel e simpptece, 43 spoar i
branched intqnﬁmﬁyuwﬂoikamg pointons46°C, viscosity: 1. 3 cps),
2-heptanone (boiling point: 152, viscosity: 1.1),
cyclohexane (used for an ARC solution), all of which are
well-known in this art, can be used.
Each of the above embodiments has exemplified the
10 apparatus for forming a coating film according to the
present invention applied to the resist coating appara-
tus for a semiconductor wafer. However, this apparatus
can be applied to a coating apparatus for a processing
target, e.g., an LCD substrate, a CD, and the like, in
15 addition to a resist and can also be applied to, e.g.,
a polymide-based coating solution (PIQ), a coating
solution (SCG) containing a glass agent, and the like,
as a matter of course.



30. An apparatus according to claim?24,. wherein said second nozzle
conprises a cylindrical distal end portion, and an inverted coni cal
trapezoi'dal portion following said cylindrical distal end portion. 31. An
apparatus according to claim24) wherein said second nozzlld EEBpilses a
cylindrical distal end portion, and an Buter fl ung a provided to an opening
of said cylindrical distal end porti @kAIMSI9 FEB 2004 43 32. An appar at us
according to claim 24, wherein said second nozzle conprises a vertically
extending cylindrical portion, and a laterally S-shaped bent portion having

a snal | er. } g &S oiﬁbamiri@éfcpﬁfeoafilm{'cbﬁiﬁrisﬁ? thRodtepoBf.connected to said
vertically extending cylindrical portion. 3 An apparatus according to

claim 24, further conprising nmeans for holding a plurality of spray heads

at the waitin A whel-kihg dang i i r head
has neans for(‘é@ﬁ@gé :ave \iléﬂg% poﬁfﬁlhﬁg cl)n{a O@?ég%%ﬁgggggfgtsﬁgﬂa ngg})lphneads,
and a nechani ssirdtatingtri vi ng sai d spray head supporting neans. 34. An

apparatus according to,claim?24, further conprising a process v_essél havi ng
a reduced pr ege&“@gla%%h?stﬁ{e VHg siven ‘ﬁﬁéh%rﬂt%agérfﬂﬁifﬁ@i'qr@' be

processed. 35.5,3R438 W%é%ig%ﬁﬂfeﬂit BYet fhedritird%fea Bpé%i(q%gc%des ia'ﬂg a

process vessel, in whic substrate iI's contalned processe and
means for realéappiyiog a ceating aoldionadnto dpdésubstahtiahecasmter pottionnsfisddd sai d
us for formng, a coati

process vessel 36 n ar at. ng film conprising:
neans for supﬁb‘%lsfrﬁé ‘ﬂﬁﬁgé‘?@hﬁ% g %'{H?értatt%gé? s\f,aﬁp@qil_rgtatlonal speed, which
results in spreading of coating solution over the entire area of said one

surface as evenly as possible to form a coated film of uniform thickness.

2. The method according to claim 1, wherein the amount of coating solution is set
in accordance with the rotational speed of said substrate in view of the rate of
drying of the solvent of the solution.

3. The method according to claim 2, wherein the amount of the coating solution
and the rotational speed of said substrate are set so that the thickness variation of
the coated film falls within a range of not more than 50A.

4. The method according to claim 1, wherein the first rotational speed differs from
the second rotational speed.

5. The method according to claim 4, wherein the first rotational speed is a
rotational speed sufficient to scatter the solvent from said substrate, followed by
further rotation of the substrate at a rotational speed which is less than the former
rotational speed.

6. The method according to claim 1, wherein the first rotational speed is

substantially equal to the second rotational speed.

7. A method of forming a coated film, comprising the steps of:



ts used for a liquid crystal display, with one surface facing upward and
rotating said substrate about an axis perpendicular to said one. surface of
sai d substrate; 1 9 FEB 2004 44 at |east one first nozzlieg lFgERi pog4 a first
di scharging distal end constituted of four distal ended portions, which
correspond to each corner of the substri&te and which are respectively

di sposed vertically above points on diagonal lines of the substrate, for
supplying a solv whi ch di ssol ves a coating solute, onto a rotation
center porti on"‘%f lag s alyeiaf A ecatingsplutias or eppIsyrage oha sibistrata whishsai d

first nozzle: |§‘??t=aﬁﬁ§tfr8r'?lea gsa8¢ 894z e having a second di scharging port

di sposed vertic bove t e center of the rectangul ar substrate, for

suppl ying a ccratatnmg smtﬂusubstnamrha\lnmg solvani appliedrtheretp ¢o tiflusedhe sahv@nt
substrate after applic ﬁtlon of  t he sol vg!gt fromsaid first nozzle on said

subst ate sai d ¥&¢ e aeaiSAF ane sy rately fromsaid first
nozzl e neaps fyplAHGRINYARBuATEt Mﬁb%l&@n"éﬁt@@hé@ ﬁbﬁtlélgp f‘Béﬁlo‘ﬁ and
neaps for supportlng at | east one of said first an second nozzles such
that sai d suppdseisisustrate fena psedaiewnisrd period of time while, from a nozzle

means, which results in spreading of the coating solution to the peripheral

portion of said substrate in order to form the coated film of a uniform

thickness.

8. The method according to claim 7, wherein the diffusing speed of the coating
solution to the peripheral portion of said substrate is substantially equal to the
drying speed of the solvent.

9. A method of forming a resist film, comprising:

a step of applying a solvent of a resist solution on one surface of a
semiconductor wafer which is rotating;

a step of rotating said semiconductor wafer having solvent applied thereto
to diffuse the solvent over the entire area of said one surface;

the resist film forming step of applying an amount of resist solution from a
nozzle having a predetermined inner diameter on the substantially center
portion of said semiconductor wafer for a period of time, while rotating said
semiconductor wafer at a rotational speed of 1,000 to 6,000 rpm, the resist
solution is diffused over the entire area of said one surface of said

semiconductor wafer to form the resist film of uniform thickness.
10. The method according to claim 8, wherein the rotational speed of said
semiconductor wafer in the resist forming step is said to be lower as the diameter

of the semiconductor wafer, selected for coating, becomes larger.

11. The method according to claim 9, wherein the rotational speed in the resist film



a dripping portion above said substrate and a waiting position offset from
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surface of an 8" semiconductor wafer, 4 .+-.2 sec for an uneven surface of an 8"

semiconductor wafer, 9 .+-.1 sec for a flat surface of a 12" semiconductor wafer,

and 7 .+-.1 sec for an uneven surface of a 12" semiconductor wafer.

15. The method according to claim 14, wherein the amount of the resist solution
applied in the resist film forming step is 0.2 to 1.0 cc for a flat surface of a 6"
semiconductor wafer, 0.5 to 2.0 cc for an uneven surface of a 6" semiconductor
wafer, 0.5 to 2.0 cc for a flat surface of an 8" semiconductor wafer, 1.0 to 3.0 cc for
an uneven surface of an 8" semiconductor wafer, 1.0 to 3.0 cc for a flat surface of
a 12" semiconductor wafer, and 1.5 to 5.0 cc for an uneven surface of a 12"

semiconductor wafer.

16. The method according to claim 9, wherein the amount of resist solution applied
in the resist film forming step is set to be greater for said semiconductor wafer
having an uneven surface in comparison to a semiconductor wafer having a flat

surface.

17. The method according the claim 9, wherein the resist solution is a mixture of
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supply path by said pump over an initial period when the discharge flow rate
of the coating solution gradually increases, an intermediate period when the
discharge flow rate is subsfantially constant, and the last period when the
discharge flow rate gradually decreases so as to supply the coating solution
onto the substantially central portion of said rotated substrate, thereby
diffusing the coating solution over the entire area of said one surface of said
substrate to form the coated film; and
closing said supply path 0.1 to 1.2 sec after said pump is stopped;
wherein at least one of the discharge time of the coating solution and the

deceleration of the rate of rotation of the last period is controlled.
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above the center of the substrate;
moving the first nozzle to the outside of the center of the substrate
therefrom;
rotating the substrate having solvent applied thereto to diffuse the solvent
over the entire area of said one surface;
moving a second nozzle above the center of the substrate from the outside
thereof; and
supplying a coating solution on the center of said one surface of the
substrate while rotating the substrate, thereby diffusing the coating solution

over the entire area of said one surface to form a coated fiim.
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portion of said substrate after application of the solvent
from said first nozzle on said substrate, said second nozzle
being disposed separately from said first nozzle;

means for supplying the coating solution to said second
nozzle, said means for supplying the coating solution having a
container containing the coating solution, a communication
path for causing said container to communicate with said
second nozzle, and pump means for supplying the coating
solution in said container to said second nozzle through said
communication path, said pump means having a bellows pump and
a stepping motor .for expanding and contracting said bellows
pump so as to cause said bellows pump to supply the coating
solution;

means for supporting at least one of said first and second
nozzles such that said supported nozzle moves between a
dripping portion above said substrate and a waiting position
offset from the dripping position; and'

means for controlling the stepping motor,

wherein said means for controlling the stepping motor controls
driving of the stepping motor based on the rotational speed of
said substrate, thereby controlling a discharge time of the
coating solution which flows out from the second discharging

port of said second nozzle.
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26. .An apparatus according to claiq\zs, wherein
said spray head comprises means for independently selec-
tively adjusting temperatures of szid first and second
nozzles.

27. An apparatus according to claim 25, wherein
seid spray head comprises means for heating said firét

and second nozzles to the same temperature.

28 . An apparatus according to Claim 24, which
further comprises a vessel enclosing said_supporting.ﬁgans and
said first and. second nozzles and having a solvent atmosphere
therein and wherein a distal end of .said second nozzle 1is
positioned in the solvent atmosphere.

29. An eapparatus according to claim 24, wherein a
-distal end of seid first nozzle is branched into a

plurality of portions.

30. An epparatus according to claim 24, wherein
said second nozzle comprises a cylindrical distal end
portion, and an inverted conicel trapezoidal portion
following sazid cylindrical distel ead portion.

31. An apparatus according to claim 24, wherein

said second nozzle comprises & cylindrical distal end
portion,'and an outer flange provided to an opening of

said cylindrical distal end portion.
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said second nozzle comprises a vertically extending
cylindrical portion, and a laterally S-shaped bent
portion having a smaller diameter than that of a
cylindrical portion connected to said vertically extending
cylindrical portion.

33. An apparatus according to claim 24, further

comprising means for holding.a plurality of spray heads
at the waiting position, and wherein the means for
moving said spray head has means for selectively sup-
porting one of said plurality of spray heads, and a
mechanism for driving_said spray head supporting means.
34. . An apparatus according to claim 24, further
comprising a process vessel having a reduced pressure
chamber in which said substrate i5 contained to be pro-
cessed.

35. An apparatus according to claim;24"further
comprising a process vessel, in which said substrate is
contained to be processed, and means for realizing a
saturation atmosphere of the solvent inside said process

vessel .

36. An appareatus for forming a coating film, comprising:
means for supporting a rectanqgular substrate, which

is used for a liquid crystal display, with one surfzce

facing upward and rotating szid substrate about an axis

perpendicular to said ons suriace of said substrate;
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at least one first nozzle having a first discharging
distal end constituted of four distal ended portions, which
correspond to each corner of the substrate and wnich are
respectively disposed verticzally zbove points on diagonal
lines of the substrate, for supplying a solvent, which
dissolves a coating solute, onto a rotation center portion
of said substrate;

means for supplying the solvent to said first nozzle; .

at least one second nozzle having a second
a

discharging port disposed vertically above thes center of the

rectangular substrate, for supplying a coating solution on

he rotation center portion of said substrate after

ct

Pplication of the solvent from said first nozzle on said

fu

trate, said second nozzle being disposad separately from
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seid first nozzle;
means ror supplying the coating solution to said
second nozzle; and
means for supporting at lezst ons of said first and
second nozzles such that sai

supported nozzle noves between
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ping portion above szid supostrete and = waiting
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