TI TLE OF THE | NVENTI ON PROCESSI NG APPARATUS AND PROCESSI NG IWB£RC0,s,4 , )
BAGKGROBND OF THE | NVENTI ON The present invention relates to gﬁ‘
progessi ng 5 apparatus and a processing nethod used in such as ﬁ3°2a¢7dq-
devel opi ng process for a substrate, e.g., an LCD _ substrate or a
sem.conduct or wafer. For exanple, in the fabrication of

sem conduct ors, a so-called IithogTahhy'ttep Is perforned to forma

10 resist pattern on the surface of an object to be processed,
e.g., a sem conductor wafer or an LCD substrate. This |ithography - ..

prtddt :X°sta£i)2t’?ng 'Sf a réiﬁé‘??ﬁﬁ#@t ﬁkﬁﬁﬂﬂﬂwﬁécg:‘f)f:{ he 15
n these. process: FROGRRRING! ReRBRERLS, Ak BRBERRS NG MeHOD Lol gy fi1m s
one of the steps which requi rg tlifCKOGRO ND _dpsltﬂgorﬁ&é%&wtrpl- in the

| it hography processing. In 2 evéfoplng a resi m it is

mportant to evenly gne pradihy vARLIbAPLAGHBULOR SHBRSIHES! Tate

and uniformy op a resist throughout the e
surface of 4he SUQﬁbéi‘&%u’sCaRHegt bggélalshggloiﬁ@thod used®iamBhes gk the

met hod of supplying a devel opin lution onto a substrate are a
scanni ng met hod, Qe¢BiBping proceBthedr a duBstBhbey. e24d ,aanprey met hod.

In the scanni ng nmethod, a supply nozzle having a | arge nunber
substrate or a semiconductor wafer.
For example, in the fabrication of semiconductors,
a so-called lithography step is performed to form a
10 resist pattern on the surface of an object to be
proceésed, e.g., a semiconductor wafer or an LCD
substrate. This lithography step consists of various
steps such as cleaning of an object to be processed,
coating of a resist film onto the surface of the
15 object, and exposure and development of the resist.
£ilm.
In these processing steps, the step of déveloping
a resist film is one of the steps which reQui;e the
most precise control in the lithography processing. 1In
20 developing a resist film, it is important to evenly
supply a developing solution onto a substrate and
uniformly develop a resist throughout the entire
surface of the substrate. Conventionally khown
examples of the method of supplying a developing
-25 solution onto a substrate are a scanﬁing method, a spin

method, a dip method, and a spray method. 1In the

scanning method, a supply nozzle having a large number



- 2- of eject holes is scanned on a substrate placed on a

table t'6 supply a devel oping solution on the entire surface of the
substrate. In the spin nethod, a substrate drawn on a spin chuck by
suction is rotated 5 to diffuse a devel opi ng solution by the

centrifugal force. In the dip nethod,, a substrate is dipped in a

devel opi ng solution. In the spray nethod, "a devél opi ng sol ution
pressurized by, e.g., a punp is sprayed onto a substrate. After

devel opnment is conpl eted by supplying 10 a devel opi ng solution by any- ...
of these nethods, € . gubstrate i S &insed mﬁéh a ﬁins'ng aolution. o
When a devel opi n® 5o 18FbrPLe8 (hp FEanERd# @ substraperpiaced gn-a

b by th ' hod, _ai . ds. | | I
T a sol ution storanis 58 SShOPE A Meveirming eSTGiog SATHHE sedre ™ ¢
because a very %EE£F$%W?%|tﬁgD sPfafi ! n1§eghérg£fg ﬂggﬁéﬁplgg sol ution

gradual | y accumul e solutron storage. Enair is

eft Lo accunl atgpdetdfe SeEikAWn a spin éﬁ@éﬁ?@;{ﬁé%@oﬁh& SEPPaYeqozzl €

in this way, it econes di t to uni ect a s I Cl ent

amount of & deve't%)i@Efﬁ@éé’téoé‘e\fré%fn%)aéSquM%yoéhe centrifhgsi holes
formed in the | ower surface of the supply nozzl e. When a devel opi ng

solution is not sgdf¢é€i enthYythe dip mSthed| €8 é@pstLater {aC&iPhed in a
substrate, devel opment 25 becomes insufficient to produce so-called

devel opnent devebdping. sdl $0ionhenIhhehé UPPptay afeBhdéy el ofevgloping:
sol ution becones nonuniformto formportions where the
solution pressurized by, e.g., a pump is sprayed onto a
substrate. After development is completed by.supplying
10 a developing solution by any of these methods, a
substrate is rinsed with a rinsing solution.

When a developing solution is supplied to the
surface of a substrate by the scanning method, air
tends to g;adually accumulate in a solution storage

15 formed inside the nozzle. This occurs because a very
small amount of air mixed in the developing-solution
gradually accumulates in the éolution storage.

When air is left to accumulate in the solution
storage inside the supply nozzle in this way,. it

20 becomes difficult to uniformly eject a sufficient
amount of a developing solution from a large number of
eject holes formed in the lower surface of the supply
nozzle. When a developing solution is not sufficiently
supplied-to the surface of a substrate, development

25 becomes insufficient to produce so-called development

defects. Also, when the supply of a developing

solution becomes nonuniform to form portions where the



- 3- anounts of the devel oping solution are |large and smal |

on a resist film uneven devel opment takes place. Furt her nor e,

if a developing solution is kept supplied while air is accumul at ed

in the solution 5 storage inside the supply nozzle, air bubbles can

m x in a devel oping solution supplied,to the surface of a

substrate. \Wen air bubbles mx in the develdﬁlng solution on the
substrate surface, devel opment cannot be well perforned in that
portion, producing so-called 10 devel opnent defects. o
BRI EF SUMVARY OF THE | NVENTEI an o ct of ent =’
I nvention to “BFSVPgeggepPSXS%QPﬁggaﬁﬁgPaﬂag 3ﬁ aﬁﬁ@b@?@lﬁ& ﬁithod

oy Lo 10 @i ¢ agugissel BudysoLithah ALOEIBERel raropadfet PP
invention, there is pr%%E%%%f%o&%BCQES%n%e%gﬁ%?&%gssolutlon G g&lng a

processi ng unit for containin a processi ng ut1 on

suppl y nozzle arranggd;edy lleagf.a%el%hscéumapa%a Rh&CE33uigopo! ution

st or age I nside the supply nozzle and V|ng an upper

surface congi stingtgkagh hﬁ@iheoﬁﬁe'Bﬁ?ﬁﬂ?dnéﬁﬁﬁécealr bubbled SHRPYx
passage for supplying a solution into sol ution storage;, a

plurality of ejecinhal aevbebpiég Bold®ion sappbowed o' taee sak-fhbe s¥pal y
nozzle to eject the- processing solutron in the solution storage;
and an . exbabstrpeet. f@nhendaif Bubbdbsphik On ehet Bevieleoplingd
solution on the substrate surface, development cannot
be well performed in that portion, producing so-called
10 development defects.
BRIEF SUMMARY OF THE INVENTION
It is an objéct of the present invention to
provide a processing apparatus and a processing method
by which no air accumulates in a solution storage
15 inside a supply nozzle.
According to the first aspect of the present
invéntion, there is provided a processing apparatus
comprising: a processing unit for containing a
substrate; a processing solution supply nozzle arranged
20 above the substrate; a processing solution storage
formed inside the supply nozzle and having an upper
surface consisting of at least one inclined surface;
a supply passage for supplying a solution into the
solution storage; a plurality of eject holes formed in
25 a lower surface of the supply nozzle to eject the

processing solution in the solution storage; and an

exhaust port formed in a high portion of the inclined



-4- surface of the solution storage. According to

t he second aspect of the present I nvention, there is provided a
processi ng appar at us conprising: a processing unit for storing a
substrat e; 5 a processing solution supply nozzle arranged above the
substrate; a processing solution storage forned inside the supply
nozzl e; a supply passage for supplying a ~ 4 - processing solution into
the solution storage; a ' plurality of eject holes formed in a | ower
surface of 10 the supply nozzle to eject the processing solution in
t he solution storage h t for_gexhaustin air fromthe
sol ution storage ot fﬁgeoﬁf ?gé s§§8£éon stora §U|dg menber for dispersing

a f1ow of the process! fdcoraing (8OLHb QcBHAPLLRLL 4 tgtntaoggggggﬁpassage

into the 15 solution's

aspect of the preggilntion théfée%'gtgv S r8£8¥é§ﬂ§ 595€&§' ng

nmet hod of processi hg a substr y suppfylng a S|ng

solution to a surégsrokihfe §Ug§B&é§§m§0€Hit5f89 &bsrlag a suﬁge,@ét&f
suppl ying the processing soluti sol ution sforage fornmed’ in a

supply noza e anchep@@éessm? solutibf eﬁgﬁf?swsziel HrkBAgkA LBEvEOLHEI ON
storage froma plurality of eject es fornmed in a | ower surface

of ' the suppbytnate}ea phecebyinypsbyudgohhstpragessonged2bnside
solution on a surface of a substrate; and exhausting air fromthe
sol ution storage theosgbpip rxballet aostupply passage for supplying a
' processing solution into the solution storage; a
plurality of eject holes formed in a lower.surface of
10 the supply nozzle to eject the processing solution in
the solution storage; an exhaust port for exhausting
air from the solution storage to the outside; and a
guide-member for dispersing a flow of the processing
solution supplied from the supply passage into the
15 solution storage.

According to the third aspect of the present
invention, there is provided a processing method of
processing a substrate by supplying a processing
solution to a surface of the substrate, comprising the

20 steps of: supplying the processing solution to a
solution storage formed in a supplf nozzle and ejecting
the processing solution in the solution storage from a
plurality of eject holes formed in a lower surface of
the supply nozzle, thereby supplying the processing

25 solution on a surface of a substrafe; and exhausting
air from the solution storage through an exhaust port

formed in the supply nozzle.



formed in the supply nozzle. - 5-

In the” present I nvention, a devel opi ng sol ution containing no air
bubbl es can be evenly supplied to the : ~entire surface of a
‘substrate. The result is an effect of significantly suppressing
formati on of defects 5 during devel opnent. The present invention can
mai nt ai n the uniformty of devel ophe and provide high-quality
products. Also, since it is unnecessary to supply a | ar ger anpunt
of a devel oping solution than is needed, t he running cost can be -
reduced, and this inprqves,the_ 10 econani caI efficiency. .
Addi ti onal objects andliBd¥ls RFESEHE AMvs eVéiOPl%% ﬁoﬁﬁ§%ﬂ&

forth in the desce&g%gog Whl%% Egklgw%blﬁgaFﬁgabﬁyeve art eﬁb% OQKIOUS

fromthe description,

i nvention. The Obéﬁﬁiégagﬂrféégyof 20438 %%Q%e%eo‘c RS iy tﬂ L Y gl%%ect

realized and means o instrumentalities an

conbi nati ons partjieu |ns.
o B DESc P O St fapy £RERRKEY, Bbe-Baeifi REMARIon of defdta™,

acconpanyi ng dr anyig$n “ﬁb@@l@bﬁeh@cor@ﬁ%ab@@sent 1nvéd1fﬂﬂjd3%ﬂ%hthh§na
part of the speC|f|cat|on | lustrate presently preferred

enbodi ments of thehe unlformmeg-nbrfoaever_l@pinemt RAeW Wrldv ildee naRyHek |alltg
description gi ven above and the detail ed description of t

preferred enbodi nppbaugtyen ReLOY, ssaewe ito ieXphdkkesary to suppliynai pl es
of the invention. _
larger amount of a developing solution than is needed,
the running cost cap be reduced, and this improves the
10 econonmical efficiency.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and

15 advantages of the invention may be realized and
obtained by means of the insfrumentalities and
combinations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS Of THE DRAWING

20 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the

25 preferred embodiments given below, serve to explain the

principles of the invention.

FIG. 1 is a perspective view showing the whole



FIG 1 is a perspective view show ng the whole

-6-4 * arrangenent of a processing systemin which a

devel opi ng apparatus is install ed; FIG 2 is a sectional view
of the devel oping ' apparatus according to an enbodi nent of the

pr esent 5 I nvention; FIG 3 is a plan view of the
devel opi ng appar at us according to-thé embodi ment of the present

i nventi on; : FIG 4 is a perspective view of a devel opi ng
solution supply nozzle; 10 FIG 5 is a view for explaining the
operation of t he devel opi ng sol ution supply nozz] e;

FIG 6 is an enl #gangeenyef §iprpeegehng sygtem in whichige vi - VI in
FIG 4; FIG 7 is an_enla[%ed sectional view taken along a 15
line VI1 - VI ifP9ydoRing apparatus if|nsgailedisectional view showing a

nodi fi cati on o] he_devel opi ng,sol ution s n le; .
FIC; 5 isla pl an viem/éﬁémﬁagl¥h§ gé?ﬁlﬁﬁ?i %fthégpLxe ééﬁ@&?ﬂ?@étion of
t he devel opi ng sol ution supply nozzle: 20 . I _ is a
DorSpecti v vhow ABRAT S SHTeBOERs %o &n embodiment S tBRLBIRESESI uti on

supply nozzl e sha ... in FIG 8; FIG 11 is a front view
showi ng a %%dific%ﬁ#%ﬁF%ﬁn’ t he gui de nenber shown in FIG 10; 25

FIG 12 is'a sectionaIFf&gmgsbgmgnglgﬂoefgﬁ of the developing apparatus

according to the embodiment of the present invention;
FIG. 4 is a perspective view of a developing
solution supply nozzle; |
10 FIG. 5 is a view for explaining the operation of
the developing solution supply nozzle;
EIG. 6 is an enlarged sectional view taken along a
line VI - VI in FIG. 4;
FIG. 7 is an énlarged sectional view taken along a
i5 line VII - VII in FIG. 6;
FIG. 8 is a sectional view showing a modification
of the developing solution supply nozzle;
FIG. 9 is a plan view showing the main part of the
modification of the developing solution supply nozzle;
20 FIG. 10 is a perspective view showing a guide
member of the developing solution supply nozzle shown
in FIG. 8;
FIG. 11 is a front view showing a modification of
the guide member sthn in FIG. 10;
25 FIG. 12 is a sectional view showing another
modification of the developing solution supply nozzle;

FIG. 13 is a partially perspective sectional view



modi fication of the devel opi ng sol ution supply. nozzl e, FIG 13
Is a partially perspective sectional view

-7- showi ng the main part of the nodification of the

devel opi ng sol ution supply nozzle of the present i nvention

FIG 14 is a schematic view show ng a develow sol ution supply
system and an exhaust system for the developlng sol ution supply

nozzl e; FIG 15 is a perspective V|em10f a nodi fication of

t he devel opi ng sol ution supply nozzl e; FIG 16 is a flow chart ..

Tvent on; o ShoftindPre n8THCbRRECRE ERE! %92%&%#&%3 Pl tiBage
develpp!ng SO'Ut'ggYQYBQFXgnQSEL%ian supPlXenozzEEGBf;% %e%'ﬂw for

expl ai ning a convention I'n a resist processing system
15 FIG {vifitio MLeM/for expl ai ning an inproved drain l'i ne
in the reS|st processing s 9sten1 FIG 20 is a perspective view

of a conventional F1G.mai gl d. EEhBﬂSt&@S’v-%tewp%‘ﬁ SATIS WeHAY

FIG 21 is a perspective view of an I nproved manifold in tﬁe§$€3|st

prOCGSS'”Q $YySteMgolution supply s sEEHAEhEIhEEéﬁﬁhBEhCNyGEeﬁHEo&N¥ﬁ@T|CN

A preferred enbodi nent of the present I nvention be descri bed
in detail beIom/mdéhe1@§eﬁgngelﬁelbhesg?%gylnoaganpany|ng drawnng. 25

A resist processing system1l shown in _
FIG. 15 is a perspective view of a modification of
the developing solution supply nozzle;
FIG. 16 is a flow chart showing the flow of a
10 development method according to the present invention;
FIG. 17 is a sectional view of the two-stage
developing solution supply nozzle; |
FIG. 18 is a view for explaining a conventional
drain line in a resist processing system;
15 FIG. 19 is a view for expléining an improved drain
line in the resist'pﬁocessing system;
FIG. 20 is a perspective view of a conventional
manifold in the resist processing system; and
FIG. 21 is a perspective view of an improved
20 manifold in the resist processing system.
DETAILED DESCRIPTION OF THE INVENTION
A preferred embodiment of the present ihvention
will be described in detail below with reference to the
accompanying drawing.
25 A resist processing syste& 1 shown in FIG. 1

includes a cassette station 3 on one end portion. On

this cassette station 3, a plurality of cassettes 2



I ncludes a cassette station 3 on one end portion. On this cassette
station*3, a plurality of cassettes 2

-8- . containing LCD substrates S (to be referred to as

"substrates S' hereinafter) are placed. An auxiliary armb5 is

di sposed in front of the cassettes 2 on the cassette station 3.

This auxiliary arm5 transfers and 5 pd%ltlons the substrate S and

al so hol ds and exchanges the substrate Swith a main arm4. Two

such main arns 4 are arranged in series so as to be nmovabl e along = ;.
t he Iongltud nal .dir lon,in_a,cen p rtio

processi ng systenFT Eﬁnﬁﬁg gﬁhe§u8ﬁgfﬁ§efrg 2%8r8e16e ek gtﬁo &8vel opi ng

apparatuses 6 and.gf, BSEFX%FEO§$ her einafBb? % |n%1gﬁgﬁraf%$F% x#il%gy

arranged. IS pro eSS|ng S

next 1o the casselt & AFy A3ogosnl fp) Froh BRoEnd Bhleptras o G LARICEC

next to the casse SCI’U

substrate S with éaQE%%Qe ﬁ@gtﬁgﬁ 3. g lshhg§19E8§2U%§nJ%tt&%%%@%&s and

cl eans the substrate pressure | wat er evel opi ng

appar at usesg 6 posltibﬁsl%hbagﬁﬁggraﬂetQeaﬂahﬁisg'ﬂ%l@% bR hahgespat h
of the main arm 4. Two heating apparatuses 9 are stacked next to

the devel opi ng appaeakubgerfite S with a malﬂnai‘ﬂh¢$| OFwaPRach! W ihl ks
arranged next to these apparatuses via a connection interface unit

10. This adhesi aRrapgatatinssdtigskes tbetsubet matabdehudonhebiec
before the substrate S is coated with a resist film A
longitudinal direction in a central portion of the
processing system 1. On two sidés of the transfer
10 path, developing apparatuses 6 and other vafibus
processing apparatuses are arranged.

In this processing system 1 shown in FIG; 1, a
brush scrubber 7 and a high-pressure jet cleaner 8 are
juxtaposed next to the cassette station 3. The brush

15 scrubber 7 cleans the substrate S with a brush, and the
high~pressure jet éleaner 8 cleans the substrate S with
high~pressure jet water. Two developing apparatuses 6
are juxtaposed on the other side of the transfer path
of the main arm 4. Two heating apparatuses 9 are

20 stacked next to the developing apparatuses 6.

An adhesion appafatus 11 is arranged next to these
apparatuses via a connection interface unit 10. _This
adhesion apparatus 11 makes the substrate S hydrophobic
before the Substraté S is coated with a resist film. A

25 cooling apparatus 12 is arranged below the adhesion
apparatus 11. Two sets of two stacked heating

apparatuses 13 are arranged next to the adhesion



25 cooling apparatus 12 is arranged bel ow t he adhesi on

apparatus 11. Two sets of two stacked heating appar atuses 13 are
arranged next to the adhesion : - 9-
apparatus 11 and the cooling apparatus 12. Two resi st filmcoating
apparatuses 14 are juxtaposéd on the other side of the transfer
path of the main arm 4. Each resist fA1m coating apparatus 14 coats
the substrate S 5 with a resist solution to forma resist film

(phot o- sensitive filn) on the surface of the substrate S

Alth h t sh t f. .

or edet or mi ned 11 nEPBAFRERR 3 AR FBE; Cookinm ABPAEACEs 12. gy pesist

appar ot Uges arraTﬂer%@é%@ﬁﬁ%’&?ﬁ&ﬁ?ﬁ%Qe?ﬁcﬁaaeauaat%%sgha%é' Phe;pthed

d h th £ Xend, h

FlG 1), and al sobiE Bhesns brRpserngatl o "Enk BAER epmv A cnBrBiires

about the 2 axis. 0SSt FIA cbiping ARBREAclS! fal PLALECRRE! UEELRDace o
e“centra

appropriately run-along e reS|s proceSS|ng

systeml g @ggg %i%%%i%gtE@%EH?Bhr@BeioﬁﬁbStEQSEsEh%l ﬁoxgﬁﬁth

appar atuses 6, 9, . e nmaln arns rocessed
substrates S intogsklgiRi9e$3NAY oR0the saPPACa! ¥2Ens, sdbstedtdlsto 13 and

unl oad processed substrates S fromthe processing apparatuses 6, 9,
and - 11 toaiBhough not shownfSafhe oéﬂrE'&?pgraﬁds3fo§ eRbBssRECK
21 which is rotatabl e and verti cal y novable by a driving notor 20

a predetermined fine pattern on the resist film formed
on the substrate S is arranged on the side of these
10 resist film coating apparatuses.

Each main arm 4 includes X-, Y-, and Z-aiis
driving mechanisms (the directions of X, Y, and Z axes
are shown in FIG. 1), and also includes a f rotating
mechanism which rotates about the Z axis. These main

15 arms 4 with this construction appropriately run along
the central path of the resist processing sfstem 1
and transfer the substrates S between the processing
apparatuses 6, 9, and 11 to 13. The main arms 4
load unprocessed substrates S into the processing

20 apparatuses 6, 9, and 11 to 13 and unload processed
subst;ates S from the processing apparatuses 6, 9, and
11 to 13.

As shown in FIG. 2 and 3, a spin chuck 21 which is
rotatable and vertically movable by a driving motor 20

25 is provided in a central portion of each developing
apparatus 6 incorporated into the processing system 1

with the above arrangement. The substrate S is



25 is provided in a central portion of each devel oping

apparatus 6 incorporated into the processing system1l with the
above arrangenent. The substrate S is

- 10 - hori zontal ly drawn by suction, e.g., vacuum suction

and held on the upper surface of this spin drawn. A resin or netal
annul ar cup 22 for preventing scattering ~ 10 -of a devel opi ng or rinsing
solution is so forned as to 5 surround the spin chuck 21.. This cup
22 is inclined _ inward so that the cup 22 is narrowed upmard An
upper end 0 enlnﬂ ii of, the cup 22 has a di aneter which

al | ows the subst r3PELgongal Ly Arawn: By §P§Fé°90 fofer vacuum SUGLipPRyo the

22. A bott 25 of .t'h . ht | I d th
eopect to the noaNdoReYA on’the Ggbel shafacs ¢f) Iaﬁftansﬁeecﬁa'agé ol e 26
I s connect ed to_th %@s Q?rt on oézt e bottggh age %% and an
exhaust pipe 27 fﬁ?séyhgﬁsPFﬁa Ut REsHBr 64 F8M PRE ting ga5tesing

ted to th h f._th Al I I
G amerer i s s 1 SF g8 ?Eo%m‘a %r%?nﬁpﬁe%%shﬁt $008atEokReh B8 FAoC

fromthe bojtom surroun ? t¢§p§ﬁ Spécﬁtbﬁ'ghgﬁﬁﬁ EuB'9561§01h819h38056d

on t he upper en he®“annul ar wa straight-

ening plate 30 isjglesa 6 that! 3. capr§§C§soaa£96weaouﬁwaraubsmah
whi ch is drawn by suction and held by spin chuck 21. The 8uter

peripheral portiogn@fopBAing 23 ofSthai 8ipenknHaB! at @idReksri RBkitREd

downwar d. A devel opi ng sol ution supply device 35 for
allows the substrate S in a horizontal state to move
down into the cup 22. A bottom surface 25 of the cup

10 22 is slightly inclined with respect to the horizontal

| direction. A solution discharge pipe 26 is'connected
to the lowest portion of the bottom surface 22, and an
exhaust pipe 27 for exhausting the atmosphere from the
cup 22 is connected to the other side of the cup 22.

15 An annular wall 28 whose diameter is smaller than that
of the substrate S extends upward from the bottom
surface 25. ‘A straightening plate 30 is disposed on
the upper end of the annular wall 28. This straight-
ening plate 30 is close to the lower surface of the

20 substrate S which is drawn by suction and heid by the
spin chuck 21. The outer peripheral portion of the
straightening plate 30 is inclined downward.

A developing solution supply device 35 for
supplying a developing solution onto the substrate S is

25 disposed at the upper right position of the cup 22. As

shown in FIGS. 4 and 5, this developing solution supply

device 35 has a developing solution supply nozzle 36



suppl ying a devel oping solution onto the substrate Sis 25 di sposed at

t he: upper right position of the cup 22. As shown in FIGS. 4 and 5,
t hi s devel opi ng sol ution supply devi ce 35 has a devel opi ng sol ution
supply nozzle 36 haV|ng a length L slightly larger than
a wwdth b of the Substrate S. As shown in FIG 6, a
solution storage 37 for a developlngléoIUtlon Is forned inside the
devel opi ng 5 sol ution supply nozzle 36.. A developing solution is
supplied to this solution storage 37 through t hree supply passages' .
38, 39, and 40 copnegted_t enter, and ri.gh ortiqQns of
t he upper surfaceHGV 1hgea aeng gb§éﬁ§8$&§ %BFQFFoﬁhéﬁpﬁlV1ﬁ5%2&e°§6%%

| ar ge nunber g a%% % hol es 42 for ejecting t he devel opi ng sol ution
stored in this soF PI A3&To dge 37 are forned in the Iomer surface

of the devel oping solu O@h&HﬁP'¥1@Q§f %’the e%ﬁtégn?%&%ﬁﬁ%tn %%1 mndth

of the supply nozzle 3

the upper 15 d%%@&§%§n§7sbﬁ &E%QUHEO?S?@QEagﬁsiéeC%%%'%E%E?Hgfﬂg

i nclined surfaces

surfaces 45qand 4§o§aelbﬂc%h%§dwawzqet@s. devEE%prln%h%ol$QQ.otrxhﬁs

surfaces 46-and 48 are inc upmar to t he supply

passage 38 is opeBupplidd to thhe %bquaoafsEB%aHEChwn%%r%u@ma%ﬁréé and
t he supply passage 40 is open in | e of the i"nclined

surface 48. The $Hﬁ?b1yp@&%%ﬁ§e%938§ gpenahatueeaohh@cted to thewaslift,
portions of the inclined surfaces 46 and 47.
center, and right portions of the upper surface of the
developing solution supply nozéle 36. A large number
10 of eject holes 42 for ejecting the developing solution
stored in this solution storage 37 are formed in the
lower surface of the developing solution subpiy nozzle
36 across the full width of the supply nozzle 36.
In the embodiment shown in FIG.-G, the uéper
15 surface of the solution storage 37 consists of four
inclined surfaces 45, 46, 47, and 48. Referring to
FIG. 6, the surfaces 45 and 47 are inclined upward to
the right, and the surfaces 46 and 48 are inclined
upward to the left. The supply passage 38 is open in
20 the middle of the inclined surface 45, and the supply
passage 40 is open in the middle of the inclined
surface 48. The supply passage 39 is open between the
lowest portions of the inclined surfaces 46 and 47.
An exhaust port 50 is opened in a portion between
25 the highest portions of the inclined surfaces 45 and

46, and an exhaust port 51 is opened in a portion

between the highest portions of the inclined surfaces



An exhaust port 50 is opened in a portion between 25 t he hi ghest

portions of the inclined surfaces 45 and 46, and an exhaust port 51
is opened in a portion bet ween the hi ghest portions of the inclined
surfaces - 12 - 47 and
48. In other words, the exhaust port 50 is formed at the vertex of
a triangle having the I ncl i ned surfadés #5 and 46 as two adj acent

si des. Anal ogously, t he exhaust - port 51 is fornmed at the vertex of
a b5 triangle having the inclined surfaces 47 and 48 as two

adj acent sides. In_the inclined surfaces 45, 46, 47 and 48, a '
"hi gh portion of 4A fREl Afed §GrP§§§r wergs, the exhé§§?l89rﬁléﬁeﬁsthan t he
| ower end portion_in t irection of ,inc % i Qn of .t hese |ncI|ned
surfaces, 10 forge réFeFQSIVegtﬁéspflBntﬁéépg ﬁe 8ypee Lthe pBFLiLBRYof

each of the inclined_surfa desirlbed

As
above, the upper SBFFaEESo gg ﬁ@g 46%as t¥8|&898ﬁe§FoF&85337 6P3998°us

by the 18 i nEfierHRRaliprapert, sl §6ugoTReRoRtl shE ‘F"mﬁ ?°°”S“t”ted
accunul at es; i n e, 30t LORa34 0EARGE3 Lnch Uh8 a3k, 6380207 ang gsl LOALS

al ong the incline moved hlgﬁ porglons

of the inclined syqfacesetsib@sd. tn the J.Rglj'.gn@nghQ‘fﬁcggVQ?é 2g., ", 0N

portions of the inctine surfaces 'S exhaus rom t he

ATt TS e 319 430, CIEA PobRECALLE. 68 shobRaalRibpaRaszhg 0. 11
position higher than the lower end portion in the
direction of inclination of these inclined surfaces,

10 and preferably a position near the upper end pbrtion of
each of the inclined surfaces 45, 46, 47, énd 48.

As described above, the upper surface of the
solution storage 37 of the developing solution supély
nozzle 36 shown in FIG. 6 is constituted by the

15 inclined surfaces 45 to 48. Therefore, when éir
accumulates in the solution storage 37, this air can be
floated along the inclined surfaces 45 to 48 and moved
to the high portions of the inclined surfaces 45 to 48.
The air thus moved to the high portions of the inclined

20 surfaces 45 to 48 is exhausted from the exhaust ports
50 and 51 to the outside of the supply nozzle 36. 1In
this manner, the air accumulated in the solution
storage 37 of the supply nozzle 36 can be removed.

To facilitate floating the air in the solution

25 storage 37, the inclined surfaces 45, 46, 47, and 48

have an inverted V sectional shape as shown in FIG. 7.

In the solution storage 37, guide members 55, 56,



storage 37 of the supply nozZIe 36 can be renoved. To

facilitate floating the air in the solution 25 storage 37, the

incfined surfaces 45, 46, 47, and 48 have an inverted V sectional
shape as shown in FIG 7. In the solution storage 37, guide
menbers 55, 56, - - 13 -~

and 57 are arranged bel ow t he openi ng posrti&ﬁs of the supply

passages 38, 39, and 40, respectively. These gui de nmenbers 55, 56,

and 57 prevent the flow of a devel opi ng solution supplied fromthe ..

I ' |yt Qs
becom ng. ot 1 o ot 218waa3tRe ShraRRu,Pets chi pREnins’ BoRHAERS BF HERT

the supply n022|e8m§P%§iB%%s%@%sg%bde39, an A%E”Q%%%Fﬁiivéﬁgran%hééeare

t hus arranged bel openi ng ‘positions o e suppl’y passages

38, 39, and 10 ggié%’m%gﬁeE%rgﬁdogﬁq %ﬁ?%@pPQ%V%QEUE%%Pf@d%”%%gafrom

t he supply passag ; , and I'nto the sofution storage 37 is
stopped, and the §bowibpitigSRY1%%90on supplicdOFTRAULHE ¥ug) (i'fé‘é‘%la%@sng
sol ution can be evenly ejected fromthe eject holes 427in the | ower
surface of 515  3g8thgo5uRRY 400248 ¥he solution storayd 3 &Femdi nent
shown in FIG 6, the |ower surface of each of these guide nenbers
55, 56, and 57 becoming &ftriaighitnedwand ate wijeldta hodwscazt rial thertion
and .two high end portions. In the case of the guide nenber - 20

55, for exanpl e, aowemesusdaicecefceher shppdyt norz3®a 3i6s Since thiee guddest
portion, and inclined surfaces 55b which gradual |y becone hi gher

toward the end pomembessabé, 56, and 57 are thus arranged below the
opening positions of the supply passages 38, 39, and
10 40, the force of a developing solution flowing from
the supply passages 38, 39, and 40 into the solution
storage 37 is stopped, and the flow is dispersed.
Consequently, the developing solution can be evenly
ejected from the eject holes 42 in the lower surface of
15 the supply nozzle 36. |
In the embodiment shown in FIG. 6, the lower
surface of each of these guide members 55, 56, and 57
is an inclined surface with a low central portion and
two high end portions. 1In the case of the guide member
20 55, for example, a lower surface central portion 55a is
the lowest portion, and inclined surfaces 55b which.
gradually become higher toward the end portions are
formed on the two sides of the lower surface central
portion 55a. Analogously, in the other guide members
25 56 and 57, lower surface central portions 56a and 57a
are the lowest portions, and similar inclined surfaces

56b and 57b are formed on the two sides of the lower



formed on the two sides of the |ower surface central portion 55a.

Anal ogously, in the other guide nenbers 25 56 and 57, |ower surface
central portions 56a and 57a are the | owest portions, and simlar
i nclined surfaces 56b and 57b are formed on the two sides of the
| ower - 14 - surface
central portions 56a and 57a. "The lower = 14 -surfaces of the gui de
menbers 55, 56, and 57 are high or low' neans that the | ower
surfaces are away fromor. close to the eject holes 42. 5

Snce,the lover Su{aces b (he,cude IESLS 20 g, qnaigratie ¥°
T bt LR TGRSR O S WL B,
RN TR M S RN K
(he nchined SR g Wy 1 S T

FIG 81s agsectional ¥ %ﬂ ﬁ%w%g”%@r&%%%%‘%% the gu BeFPRlsy

nozzle 36. A supply nozz e 3 accor nDdl catlon

conprises a suppl Xsnoéﬁhesﬂﬁ%e constth‘EéH Bg %B@ én%‘i‘i%d”%ﬁ’ﬁ}%cé% The
supply nozzl e nmain ody 82 has an intérnal solution storage 37

whi ch has 20 58B,0BEB, uaaar 59R0 Bkt bRAstihBeneaYeitheeNBeer83usPuers
this open upper end portlon of the'solution st orage 37.

of these guide members 55, 56, and 57 can be floated
along the inclined surfaces 55b, 56b, and 57b. The air

10 thus floated further floats in the solution storage 37
along the inclined surfaces 45 to 48, moves to'tﬁe high
portions of the inclined surfaces 45 to 48, and is
exhausted from the exhaust ports 50 and 51 to the
outside of the supply nozzle 36. |

15 FIG. 8 is a sectional view showing a modification
of the supply nozzle 36. A supply nozzle 36’ according
to this modification comprises a supply nozzle main
body 82 and a cover member 83. The supply nozzle main
body 82 has an internal solution storage 37 which has

20 an open upper end portion. The cover member 83 covers
this open upper end portion of the solution storage 37.
Inclined surfaces-45, 46, 47, and.48 similar to those
shown in FIG. 6 are formed on the inner surface of
the cover member 83. As shown in FIG. 9, clearance

25 - portions 84 for fitting guide members 55, 56, and 57

are formed in the supply nozzle main body 82. As shown

in FIG. 8, these clearance portions 84 have locking



I nclined surfaces 45, 46, 47, and 48 simlar to those shown in FIG

6 are fornmed on the inner surface of ' t he cover nenmber 83. As shown
in FIG 9, clearance 25 portions 84 for fitting gui de nmenbers 55, 56,
and 57 are formed in the supply nozzle main body 82. As shown

in FIG 8, these clearance portions 84 have | gcking

- 15 - portions 85 for | ocking rhelPwo-l over edges of the

gui de nmenbers 55, 56, and 57 shown in FIG 10. 1In this enbodi nment ,
as shown in FIG 10, recessed portions 86 for forning i nclined

surfaces 55b, 56D, ap d S7b_ar | 0 surfa s of the"i
gui de menbers 55,P portioRs §§ %aﬁdig?klﬂﬂsﬁﬂg §w§hgﬂﬁan S

575 of the gui de TR, boBBeTES5y 5ba7apd g ?‘8?’%5%0%%55% 5638@9
another T BEPPREeNSs 8P Fﬁ‘wi‘ues& F308oIPE " SRek L o3RI s
36" according o phEs (AR hECThiqneA"Bkekaces k4B sen, anfCEhRCALLY SPlit

bl ocks 91 and 92. n-one t orage supply

passages 3& 39, g9findll 1nlfhe 103l BukEGRESC ORI 9U:A2 E\%Enbfeﬁ}%

ej ect hol es 42 are forne ore ocks and 92

are assenbl ed, thsssohﬁal 85 . stali@ae as shbemsgapbm 11 topq:a%aq&%a%a 39,
and 40, and the eJect hol es 42 are def i ned by f e recessed portion

93 and the wall sp1baeeng28f airQf thBeibk@ikel82surfaces 55b, 56BH,sk@dn in
FIGS. 7, 8, and 12, the shower head
57b of the guide members 55, 56, and 57 can be formed
to have an inverted V shape.
10 FIG. 12 is a perspective view showing another
modification of the supply nozzle 36. A supply nozzle
36" according to this modification consists of-two
vertically split blocks 91 and 92. 1In one block 91, a
solution storage 37, supply passages 38, 39, gnd 40,
15 and a recessed portion 93 for forming eject holes 42
are formed. Therefore, when the two blocks 91 and 92
'are.assembled, the solution storage 37, the supply
passages 38, 39, and 40, and the eject holes 42 are
defined by the recessed portion 93 and the wall surface
20 of the block 92.

As shown in FIGS. 7, 8, and 12, the shower head
type supply nozzle 36 having the plurality of eject
holes 42 has been described. The supply nozzle,
however, may be a slit type supply nozzle 36’’’, as

25 shown in FIG. 13. This supply nozzle 36’’’ has a

slit 42' continuously formed along its longitudinal

direction. The slit 42' is formed to have a width of,



type supply nozzle 36 having the plurality of eject hol es 42 has
been descri bed. The supply nozzl e, however, nmay be a slit type
supply nozzle 36''', as 25 shown in FIG 13. This supply nozzle 36"
has a slit 42' continuously forned along its |ongitudinal

direction. The slit 42" is fornmed to have a wdth of,

- 16 - "e.g., several [err]mto seviPal~ten [err]m The

devel opi ng solution is so ejected as to ooze through the slit 42'.
This slit type supply nozzle 36" "' is better than t he shower type
supply nozzle in facilitating,the manuf act ur e. '
shown in FIG.:hIet%e'§ﬂ$ﬁ$§a%o&ﬁlﬁp3%eY%ral ten “Eonn@é?eﬂeYﬁlﬁpaﬁgeloplng

solution supply s sten1100 and_ _an exhaust s sten1%10 Th 9
passages 38, 39, Solutionig 59 @ie¢Hed3pHpFy A8%%) Ehygug thens &Feg

d 10 f d I I I ' . Th :
§?ﬁe?nend of theQ@%@%%%bfth%Bgﬁgﬁﬁﬁﬂ%gﬁigﬁf%:3@ igggsybgkge?egﬁaﬂds ?nto a
| ut k 103 t . ' 102
o that the end 't?ﬁ.%ﬂova?r c7b8" Bl poeete iR EEHTIAESEAR bl opi ng
sol ution lqg t %Rﬁfgg@%réhe devel opi ng sol ution supply pipe 101, a valve
er

104, a flow ne a water jacket 106 are di sposed in this
order fromthe supply ﬂ925h8w§61nT?fG 14, thegggﬁpgngggghgtB@nlgank 103
I's connected to a pressure as supp y pip 8 tor supplying a

BESZngfngas €. ®eonnedted t&Qagéévéiéﬁlﬁggéélﬁeﬂéﬁesﬁﬁﬁly E9stBhS100

.and an exhaust system 110. The supply passages 38, 39,
and 40 of the supply nozzle 36 are connected to one end

10 portion of a developing solution supply pipe 101. The
other end of the developing solution supply pipe 101
extends into a developing solution tank 103 containing
a developing solution 102 so that the end portion of
the pipe is dipped into the developing solution 102.

15 Along the developing solution supply pipe lbl;'a valve
104, a flow meter 105, and a water jacket 106 are
disposed in this order from the supply nozzle 36. . The
developing solution tank 103 is connected to a pressure
gas supply pipe 108 for supplying a pressure gas, e.g.,

20 N, gas from a gas source 107. In this developing
solution supply system 100, N, gas is blown from the
gas source 107 into the developing solution tank 103
containing the developing solution 102 through the
pressure gas supply pipe 108, thereby pressurizing

25 the developing solution 102 to 1 to 2 kg/cm?. The
developing solution 102 is supplied by this pressure to

the developing solution supply nozzle 36 through the



sol ution supply system 100, N2 gas is blown fromthe gas source 107

i ntro the devel opi ng solution tank 103 cont ai ni ng the devel opi ng
solution 102 through the : pressure gas supply pipe 108, thereby
pressurizing 25 t he devel oping solution 102 to 1 to 2 kg/cnferr]. The
devel opi ng solution 102 is supplied by this pressure to t he

devel opi ng sol ution supply nozzle 36 throughlfhe-

- 17 - devel opi ng sol ution supply pipe 101 and ejected from

the eject holes 42 formed in the devel opi ng sol ution supply nozzle ..
36. The water jacket (WJ) 106_di sposed in _the devel opi ng solution’

supply pi pe 101 c8fvesPBipgesolytion guppdyapipe 4P1t RBIg@JECEFENFrom
solution. The start and 3top of the eLection gf t.he deﬁglqping
solution are the gdpetphoire ¢4 fermed in the developing SeHAFLCMport s

50 and 51 of the devel opin | ution sy n I are connected
to one end 10 ‘SuBBth8335%etﬂé'exﬁgﬁsvagﬁﬁe3§§k¥t %ﬁzJ tﬁgﬁ SiPeFEhe
exhaust pipe 111 | nn Q yetion_p 12 . A _val ve 3 is
QisPﬁseg in the eiﬁaﬁ@?_§§%§§9§i93|§°i“£18n gﬁ??iye?ﬁgﬁzﬁ0%y§§€#%f¥§3% r
in e devel opi ng, 54| s . ra _ i
t hr ough theé 15 téﬂé%%gggfepggtEhgoagﬁgxgggéﬁdnggtééﬁéusﬁ%ﬁi%gi% 1?%9
The start and sto [ ugkLaR;are,@o b ; I; .
As shown in FIG %%?Eeé aggg %ﬁ%ggl? 1ggagﬁel¥fg2§°plng Sﬁéﬁgéé?iéééy
connected to the gxhaupi, PRE!$a2¢eaRfqsl 20 of the devel opi ng sol ution
supply nozzle 36 preferably

The exhaust ports 50 and 51 of the developing

solution supply nozzle 36 are connected to one end

10 portién of the exhaust pipe 111. The other end of. the
exhaust pipe 111 is connected to a suction pump 112.
A valve 113 is disposed in the exhaust pipe 111. 1In
this exhaust system 110, air in the developing solution
supply nozzle 36 is drawn by suction through the

15 exhaust ports 50 and 51 and the exhaust pipe 111.
The start and stop of this suction are done by the
valve 113.

As shown in FIG. 15, exhaust pipes 1lla and 111b

respectively connected to the exhaust ports 50 and 51

20 of the developing solution supply nozzle 36 preferably
merge'into an exhaust pipe main body 11lc which is then
connected to a suction pump 112. In moving the supply
nozzle 36 on the substrate S while gripping the sﬁpply
nozzle 36 with a gripping arm 61, the exhaust pipes

25 1l1la and 111b merge near the supply nozzle 36, and only
one exhaust pipe main body 1lllc is attached with the

gripping arm 61, thereby reducing the attaching space



nmerge into an exhaust pipe main body 111c which is then connect ed
to a suction punp 112. In noving the supply nozzl e 36 on the
substrate S while gripping the supply nozzle 36 with a gripping arm
61, the exhaust pipes 25 111a and 111b nerge near the supply nozzle

36, and only one exhaust pipe main body 111c is attached with the
gripping arm 61, thereby reducing the attachilfig space

and facilitating the attaching operation of the exhaust pi pes.

As shown in FIG 3, a transfer rail 60 for noving t he devel opi ng L
sol ution supply nozzle 36_fromsside to 5 . side abqve the substrate S =
is provided in fr®Ag %pcgﬁétatlng the gtbaching@PREGELOP RE APBaPXhauss. A
gri pping arm . Is fitted on this rail 60 so as to be novabl e al ong
t he rai|l BOP®Fhe gripping arm 61 is nmoved by a ball screw

dri by, e.g., [ I nder, ' ! b

bel -t ype. moving mechalFeRroRindnFiBy; dg. B AraRster zgih §0 f3F Mhydashack
d forth ab t te S . . Wi | | ppi d lonpi

ol ut i on supply nbog: 455818bEng soputipprauphre, BRery. HRosktlnattengo

01 pDing argn 61 ¢5qe anbSeCORS! Liibedaby & YECHARLEALACHIC MRENBY SHL

using, 15 e.g., an air cylinder, a vacuum sSuction type chick, or

o) o no oo | SabLES FlUche FBUSTORIAN' Bopilahy ¢, sraBdfRYS
shown in FIG 3, asgdegtfelir8y AikSrRi?VEHeHdol Bs to be movable along the
rail 60. The gripping arm 61 is moved by a ball screw
driven by, e.g., an air cylinder or a stepping motor,
10 or by .a belt-type moving mechanism. The gripping arm
61 is thus moved back and forth above the substrate S
while gripping the developing solution supply nozzle 36
described previously. Note that the gripping arm 61
is constituted by a mechanical chuck mechanism using,
15 e.g., an air cylinder, a vacuum suction tyﬁe chuck, or
an electromagnetic type chuck, and can grip, clamp,
and draw the developing solution supply nozzle 36 by
suction.
As shown in FIG. 3, a drain tray 94 is provided in
.20 the home position of the developing solution nozzle 36.
The drain tray 94 receives a developing solution
ejected when dummy dispensing (to be described later)
is performed or receives a developing solution dripping
from the developing solution supply nozzle 36 and
25 discharges the developing solution to a solution

discharge system (not shown).

As shown in FIG. 2, a rinsing solution supply



20 the honme position of the devel opi ng sol ution nozzle 36. The
drain tray 94 receives a devel opi ng sol ution ej ect ed when dumy
di spensing (to be described |ater) is perforned or receives a
devel opi ng sol uti on dri pping fromthe devel opi ng solution supply
nozzle 36 and 25 di scharges the devel oping solution to a solution
di scharge system (not shown). - Ad9shewn in FIG 2, a rinsing
sol ution supply - 19 -
nozzle 70 for supplying, e.g., pure water, as a rinsing sol ution,
is provided on the side of the spin _chuck 21 away fromthe
devel opi ng sol uti 89zadeplAP fexzilsappdying, e.g.Aspyrenwwaterr @s & ninging
nozzle main bodies 71 extend 5  downward fromthe rinsing solution
suppl y nozzl e 70. solution,giig pxevigedhendé&hel §ideg ofoltlhs SPidushuchnddzl e
36 descri bed above, this rinsing sol ytiagn suppI% nozzle 70
is also gripped b?wﬁﬁéf&FWbﬁmﬁgd&Wﬁﬂﬁflﬂﬂb§P§€&lGﬁ SNEPLlY nozzle 3bsf er
rail 60 and noved back and,fort@ﬁa%pve t he 13 .sugﬁk{ate ﬁé Afte
devel opnent, a ri ASi FGO¥R 4@ §1G-s > two nozzie madny Podies iisis%f ution
supply devige 72 ghown Ln FIG 2. The.rinsing solution suppl
nozsl e 70 5 QSURMARE Saems e SR IRG FOLHE ISR & BT BRAE ¢ %6 by
ej ecting the sol utd, fromt n | [ ' 1 t-her
rinsing the substtrség‘glg. to Q%e %@eﬁoﬁ?h@hgﬁhﬁ ° &upglyangrzazlrl% ?*’%y 95
I's provided in : PSR POSh08 19f 1R shh A% | sl
nozzl e 709*??5%%% nb;l t rgs)i 3@&'%%(%?1%&.8%5&1\(}2'1%% %&p%&ﬁﬁoosz%ﬁ@ %0
dripping from the jii B3isR0 HAlPYdOByS ¢he ¥rigpihg &%m 61 provided on the
transfer rail 60 and moved back and forth above the
10 substrate S. After development, a rinsing solution is
supplied from a_rinsing'solution supply device 72 shown
in FIG. 2. The rinsing solution supply nozzle 70
supplies this rinsing solution onto the substfate S by
ejecting the solution from the nozzle main bodies 71,
15 thereby rinsing the substrate S.

As shown in FIG. 3, a drain tray 95 is provided in
the home position of the rinsing solution supply nozzle
70. The drain tray 95 receives a developing solution
dripping from the rinsing solution supply nozzle 70

20 and discharges the developing solution to a solution
discharge system (not shown).

Also, as shown in FIGS. 2 and 3, cleaning water
spray nozzles 75 for spraying cleaning water against
the lower surface of the substrate S are formed below

25 the substrate S held by the spin chuck 21. Cleaning

water can be supplied from a cleaning water source 77

to the cleaning water spray nozzles 75 through cleaning



20 and di scharges the devel oping solution to a solution

di scharge system (not shown). Al so, as shown in FIGS. 2 and 3,
cl eani ng wat er spray nozzles 75 for spraying cl eaning water agai nst
the | ower surface of the substrate S are formed bel ow 25 t he substrate
S held by the spin chuck 21. d eaning . water can be supplied froma
cl eani ng water source 77 to the ctea®?ng-water spray nozzles 75

t hrough cl eani ng . - 20 -

wat er supply pipes 76. _ Furthernore, as shown in FIGS. 2 and 3, ;.
a cover 62 is provided above_the spin chuck 21 so as to be
vertical |y novabl $2B§rafuBPé¥aPLRESNElns 63 such as an 5 air

cylinder. Wen noved down to the Iomesh osi,tign he cover 62
surrounds the upper pof BFGHESFOLRe &fi fown in Fififck228ngnd  t ReCOYREN

I rcunf f . 22. ' f evel opi
ol ution or a . o2 18 Prevadedopheran el FHERohaFReo e eRe ke  rate S
[ 10 t at . ' Kial : [ 78
uch as a m or ocorptrsra e hBvERSR b an, slevating ot FA SUchlRh £ O

i ncl uding t ; N | i
oot uding e air cPLiNEAE. "OiREn Hoybdaf@i CLOPLRY F8LE OPoS ki X,

devi ce evati ng neans e rinsing so supp

dgyice 7. the clenpl Bautal 6y ROUESERT pABCubher Bb¥ERen ot speldfane
construction wllcRecHeger hhqdehel gutetheisbntéfbfic® of the cup 22 and
prevents scattering of a developing solution or a
rinsing solution to the outside when the subsﬁfate S is
10 rotated by the spin chuck 21.

A control section 78 such as a microcomputer
controls the whole developing apparatus 6 including the
driving motor 20, the developing solution supply device
35, the elevating means 63, the rinsing solution supply

15 device 72, the cleaning water source 77, and the valves
104 and 113.

The operation of the whole system with the above
construction will be described below. The suﬁstraﬁe S
is unloaded from the cassette 2 on the carrier station

20. 3 shown in FIG. 1, transferred to the main arm 4, and
loaded into the brush scrubber 7. The substrate S is
cleaned with a brush in this brush scrubber 7 and
subsequently dried. The substrate S can also be
cleaned with high-pressure jet water in the high-

25 pressure jet cleaner 8 in accordance with the process.

Thereafter, the substrate S is given hydrophobic

properties in the adhesion apparatus 11 and cooled by



is unl oaded fromthe cassette 2 on the carrier station 20. 3 shown in
FIG 1, "transferred to the main arm4, and | oaded into the brush
scrubber 7. The substrate S is cleaned with a brush in this brush
scrubber 7 and subsequently dried. The substrate S can al so be

cl eaned with high-pressure jet water in the high- 25 pressure jet
cleaner 8 in accordance with the process. - 21 - Thereafter, the substrate
S is given hydrophobic properties in the adhesi on apparatus 11 and
cool ed by ) - 21 - t he e
cool ing apparatus 12. The surface of the substrate S is then coated
with a resist fil mhed .epglingphadmaratus 12. sarise tswefded nof byhd heubetstasie
coating apparatus 14. The resist filmis subjected to baking
processing by 58 is Hawirn rgpated heltlea ivap isppafiatus D, e apda gphoto-

pr edet er m ned pattern is exposed in the exposing apparatus (not
shown). The exposaenaifsiventfil;, oy ddvedresist tdpating appaesinplhg
apparatus 6 according to the enbodi nent of t he present invention.
10 - Devel heemesiat diift 3 sulsjertiad dp hpkiparprecgessing by 6
wi Il be described with reference to a flow chart in FIG 16.
Prior to pePform MFalng ddhdrhe fhratng 1appayatus 3, and a prpdpigrmingd
e.g., 20 substratestgﬁftorﬁd in one, 15 carrier, a predeterm ned anount

of devel opi ng sol RAGPLN 1s expased Jdft &g [HRIHNY AT sBRU i on
suptly 102l e cpene |l DO RN L DY RESLE LD 55O o

developing apparatus 6 according to the embodiment of
the present invention.

10 Development performed in the developing apparatus
6 will be described with reference to a flow chart in
FIG. 16.

Prior to performing development for one lot, i.e.,

a plurality of, e.g., 20 substrates S stored in one

15 carrier, a predetermined amount of developing solution
is ejected from;thé developing solution supply nozzle
36 in the hoﬁe position, thereby performing so-called
dummy dispensing (Sl in FIG. 16). This dummy.dis-
pensing prevents from occurring a non-uniformity

20 of temperature of the developing solution and a
degradation of the developing solution. Further, the
dummy dispensing prevents that the nozzle 36 is choked
up with the air bubbles.

Subsequently, venting is performed for the
25 solution storage 37 in the developing solution supply

nozzle 36 for 2 to 3 sec by the exhaust system 110 (52

in FIG. 16). Consequently, air in the solution storage



pensi ng prevents fromoccurring a non-uniformty 20 of tenperature of

t he devel oping solution and a degradation of the devel opi ng
solution. Further, the dummy di spensing prevents that the nozzle 36
I s choked up with the air bubbles. _ Subsequent vy,
venting is perforned for the 25 solution storage 37 in the devel opi ng
sol ution supply nozzle 36 for 2 te 32%c -y the exhaust system 110
(S2 in FIG 16). Consequently, air in the solution storage

- 22 - 37 is exhausted to the outside before the work is

begun. The substrate S is |oaded into the devel opi-ng

apparatus 6 (S3 i 37FiG etdlausvede tspddief iadidide ibefidre tle workieheel opi ng
apparatus 6, the spin chuck 21 ascends to receive the substrate S
fromthe main ar mbegang descends while holding the substrate S by
suction. In this manner the substrate S held by suction by the spin
chuck 21 is placed in tThe axpstxate @ is loadedsiigeh it |9eveleming opi ng
solution is supplied onto the surface of the substrate S to forma
film of t REPPEAHYShiOnd Solim FFE-( 3h)in Maze sPecipically, in the

Toves t ho dSvel opfRy LRI FRRHEA e deziihe BPIN Chiglh 23 aRPdR th above

hol es 42 0 0 bl RESTYS S SRR TN S SR SR fon
descends while holding the substrate S by suction. 1In
this manner the substrate S held by suction bf the spin
chuck 21 is placed in the cup 22.

10 Subsequently, a developing solﬁtion is supplied
onto the surface of the substrate S to form a film of
the developing solution (S4 in FIG. 16). More
specifically, the gripping arm 61 explained in FIG. 3
grips and moves the developing solution supply nozzle

15 36 béck and forth above the substrate S. The
developing solution is ejected from the eject holes 42
formed in the lower surface of the developing solution
supply nozzle 36 to form a film of the developing
solution on the surface of the substrate S. The

20 developing solution supply nozzle 36.can be moved back
and forth only once or a plurality of times.

In this processing, the developing solution
supplied from the developing solution supply device 35
(shown in FIG. 2) once enters the solution storage 37
25 through the supply passages 38, 39, and 40 and is

stored in the solution storage 37. Thereafter, the

developing solution is evenly ejected from a large



supply nozzle 36 to forma filmof the devel oping solution on the
surface’of the substrate S. The 20 devel opi ng sol ution supply nozzle
36 can be noved back and forth only once or a plurality of tines.
In this processing, the devel oping sol ution supplied fromthe

devel opi ng sol uti on supply device 35 (shown in FIG 2) once enters
the solution storage 37 25 t hrough t ke 2@pplky passages 38, 39, and 40
and is stored in the solution storage 37. Thereafter, the -

devel oping-solution is evenly ejected froma | arge

- 23 - nunber of small eject holes 42. Since the devel opi ng
solution is once stmbed pff smaldokjeconhsilesad?.37Since thebefeored dpdingg
ejected fromthe eject holes 42, the devel opi ng sol ution can be
evenly ejected fremlukdon5is onget steredwén thef sodudiiomhs tdevgeo3i’ng

sol ution supply nozzle 36 having the length [err] slightly Iarger

t han the hefionepbbeinghejegbedr fronsthe ehemt helmscd2, 4 tded 5

When this devel oping solution supply nozzle 36 is r|pped and noved
back and forth ab8¢¥edppigghsedatdonigan besewntlnree@ﬁ%dn@fr&nm e a

uni formfilmof the devel gpi ng sol ution can he forned on the entlre
sur f ace 5 ofNEfEesdpuerapyrface of the developdng,isgudytiony s

with reference to Fl

For med " bel ow ¢ he 218" 3§, bAviiasnGoe: LEAGLH & ilghggvy 5&%59536\38%9
0940 et oping. borbRERSE: Bl SheRRAREATE, bAoA i W Bl 5.
When this developlng_solutlon supply nozzle 36 is
gripped and moved back and forth above the substrate
10 S by the gripping arm 61, a uniform film of the
developing solution can be formed on the entire surface
of the substrate S.
As previously explained with reference to FIG. 6,
the guide members 55, 56, and 57 are formed below the
15 opening positions of the supply passages 38, 39, and 40
in the solution storage 37. Accordingly, the flow of
the develéping solution flowing from the supply
passages 38, 39, and 40 into the solution storage 37
can be dispersed. Consequently, the developing
- 20 solution can be evenly ejected more reliably from all
the eject holes 42 of the developing solution supply
nozzle 36. |
Bubbles formed in the solution storage 37 of
the developing solution supply device 35 or bubbles
25 contained in the developing solution float along the

inclined surfaces 45 to 48 as the upper surface of the

solution storage 37 and move to high portions. These



passages 38, 39, and 40 into the solution storage 37 can be

di spersed. Consequently, the devel oping 20 sol ution can be evenly
ejected nore reliably fromall . the eject holes 42 of the devel opi ng
sol ution supply nozzl e 36. Bubbles forned in the

sol ution storage 37 of t he devel oping sol ution supply device 35 or
bubbl es 25 contained in the devel opiag g4l ution float along the

i nclined surfaces 45 to 48 as the upper surface of the sol ution
storage 37 and nove to high portions. These

- 24 - bubbl es are exhausted fromthe exhaust ports 50 and 51

to the outside ofbubkleappkg erhalist88 bByomhthexéahatist ports SPsteamh Shown
in FIG 13. This allows the eject holes 42 to eject. a devel opi ng
sol uti on cont ai nihg thetbetside of the bupplysnandleeldbebpr &henexhdessctive
devel opnent . Anal ogously, the inclined surfaces 55b, 56b, and 57b
are formed as thesystem shewacés BIGt hd3gui Bhigeabdpws the ejess. hedesand
57. Therefore, air _present near the_|ower surfaces of the %U|de
menbers 55, 56, ahd &9 eaﬁ05lgodezeloplngesel@ﬁ@ea cantpdndaguidisslet or age
37 and exhausted om t he exhaust ports 50 _and _61 forned in high
portions ofdthe |ﬂbFlhEHbéﬁFfaﬁéshQBc?oPEGV?BtFh@efECtlve gevsilgemgnte he

devel opi ng sol ution su nozz| e 36 ough aust pipe 111.
15 S nceARALoBRRF AT m eemﬁ%haeéom#eﬂe?g PHPr s Seftes and’ 75
formed on the surfacefgimgge Qﬁtrf wer’ surgacguagkt¥he guide members

55, 56, and 57. Therefore, air present near the lower
surfaces of the guide members 55, 56, and 55 ¢can also

10 be floated in the solution storage 37 and exhausted
from the exhaust ports 50 and 61 formed in high
portions of the inclined surfaces 45 to 48 to the’
outside of the developing solution supply nozzle 36
through the exhaust pipe 111.

15 Since the uniform developing solution film is thus
formed on the surface of the substrate S, high-quality
development with few defects is complete. Usually, in
supplying a developing solution to the substrate S,.
such as an LCD substrate, having a comparatively large

20 'area, the scan speed of the developing solution supply
nozzle 36 must be maintained at a high speed in order
to prevent uneven development. When the scan speed of
the developing solution supply nozzle 36 is high, it is
necessary to increase the supply amount of developing

25 solution to supply a sufficient amount of developing
solution onto the substrate S. Accordingly, the

developing solution is usually supplied to the



devel opment with few defects is conplete. Usually, in supplying a
devel oping solution to the substrate S, such as an LCD substrate,
having a conparatively large 20 area, the scan speed of the devel opi ng
sol ution supply nozzl e 36 nmust be maintained at a high speed in

or der to prevent uneven devel opnent. When the scan speed of

t he devel opi ng sol ution supply nozzle 36 ks Bsgh~ it is necessary
to increase the supply anobunt of devel oping 25 solution to supply a
sufficient anount of devel opi ng solution onto the substrate S.
Accordi ngly, the devel oping solution is usually supplied to the

- 25 - : develloping solution supply nozzile 36 at a wellaftiwelly

hi gh supply pressure of, e.g., 1 to 2 kg/cnferr]. At this" hi gh
suppl y pressure, haghasupply’ presisnes of,t keg., 1 to @ekg/omilng P4 dhisn is
unavoi dable. This tendency is 5 becom ng nore and nore conspi cuous
with the recent high suppdyepsessmreheformatdpnl o bubbilest da thee

devel opi ng apparatus 6 of the present invention can perform

devel opnent with fleXedepdags sedution dEi ynaypdidablgnd This tendemgye is

situations where the supply pressure of a 10, devel gpi ng sol ution
cannot be |®weredbecoming more apd pQre ERPSELFEAIS PHEN RISt em 110
S connected to the exhaust, gorts 50 and 51 of the .
devel opi ng sol uti GACZERSEy YRoFhee 5ige; 8Lt HfDeghpstrates. The devglopingy,

t he solution storage 37, s also possible to sinply

Ho it 15 | |
open the exhaust PBPRE3&YS %e%%rthéngrgfepg 9h¥e§ﬁﬁp8uﬁﬁpn§e5ﬁ8tht and

natural 'y eXhaUStdevelopment with few defects even in this current and
future situations where the supply pressure of a
10 developing solution cannot be lowered. |
In this embodiment, the exhaust system 110 is
connected to the exhaust ports 50 and 51 of the
developing solution supply nozzlé 36.£o forcedly
exhaust air from the solution storage 37. However, it
15 is also possible to simply open the exhaust ports 50
and 51 to the surrounding ambient and naturally exhaust
air from the solution storage 37 to the outside.
Subsequently, the elevating means 63 is operated
to move the cover 62 downward to cover the upper
20 portion of the spin chuck 21 and the outer circum-
ference of the cup 22 (S5 in FIG. 16).
Thereafter, the substrate S is rinsed (S6 in
FIG. 16). More specifically, the driving motor 20 is
operated to rotate the spin chuck 21 and the substrate
25 S. The developing solution on the substrate S is spun
away by the centrifﬁgal force. Simultaneously, the

rinsing solution supply nozzle 70 moves to the



air fromthe solution storage 37 to the outside. Subsequent |y,
t he* el evating neans 63 is operated to nove the cover 62 downward to
cover the upper 20 portion of the spin chuck 21 and the outer circum
ference of the cup 22 (S5 in FIG 16). _Thereafter, the
Substrate Sis rinsed (S6 in FIG 16). Mre specifically, the
driving notor 20 is operated to retaké the spin chuck 21 and the
substrate 25 S. The devel opi ng solution on the substrate S is spun

away by the centrifugal force. Simultaneously, the rinsing solution ..

supply nozzle 70 noves to the , - 26°
- r ot at rokakionnflecesfterhefstibet subetBatedSsapgl suppdies a
rinsing solution such as pure water fromthe nozzle mai n bodies 71
onto the central pénsisg §plusdon such agupyreavatsr EremelbhenacrzAg away
the residual 5 . deveLoping solution and the like. At the sane tine,
the rinsing sol utMain bogigs| 7ddongpekhengenbral pertion of &heayed t oward
the |l ower surface of the substrate S ., fromthe cleaning water spray
nozzl es 75 arrang8¥PBérgke S, therehy: washipgt pYR¥ SheTkP§iduddni ng wat er
washes away_ 10 tge devel o ing solutiog‘aid the |Li ke, which cayse
particles adheri n§eV61iPRENGoROt ubdPRagBdothendike. At EhgsspRectimeq, (he
ot her hand, the mgﬁte sol ution ey .t hus sgun amaé bé.the %Sntrqugal
force is received-"® *ISipg EReUtARB, 18, PPRRE1IGR ¢ A CEtp" 82173 Fdws ®al ong
the 15 ' nel T 0gELYL Ok bR P AEOTLREL 858242 8Rche dLBERBLEs
from the cleaning water spray nozzles 75 arranged below
to the substrate S. This cleaning water washes away
10 the developing solution and the like which cause
particles adhering to the lower surface of the
substrate S. On the other hand, the waste so;ution
thus spun away by the centrifugal force is received
by the inner surface of the cup 22, flows along the
15 inclination of the bottom surface 25, and is discharged
from the solution discharge pipe 26. The ambient
containing mist in the cup 22 is evacuated through the
solution discharge pipe 26 and discharged to the
- outside of the system via a mist trap (not shown).
20 Additionally, while the supply of the rinsing
solution is stopped, the substrate S is rotated and
spin-dried (S7 in FIG. 16).
When the rinsing and spin drying are complete, the
cover 62 is moved upward by the elevating means 63 (S8
25 in FIG. 16). The processed substrate S is stored in

the cassette 2 on the carrier station 3, unloaded, and

transferred to the next processing step (S9 in



fromthe solution discharge pipe 26. The anbi ent containing mst in

the’ cup 22 is evacuated through the sol ution di scharge pipe 26 and
di seharged to the outside of the systemvia a mst trap (not
shown). 20 Additionally, while the supply.of the rinsing

solution is stopped, the substrate Sis rotated and spin-dried (S7
in FIG 16). ' Wien the rinsing aAd spin drying are conplete,

t he cover 62 is noved upward by the el evating neans 63 (S8 25

in FIG 16). The processed substrate Sis stored in the cassette 2 '
on the carrier station_3, unloaded, and: transferred to the next
processing step (B3Ginl6). - 27 -

FIG 16). ng operations in steps S3 to S9 descr,i bed above
are repeatedly execut ed¥oPPRNatdQRS: L& §tegs 8 &P SI descrihed,sbPNEi ons

IRER AR ICANE - T WO AT R Y i VO
e o, P TORRBS Sl ble PRt abions ahechente edletale,
PEeSert | e Ofk RSB SR B 8L LY.l ros, 591 Y ot " 20
10821 0 T e s pooping, 1n WWEOLAOBACVERANAL.AORRL R n Rl Y 102zl o
to a second- stagepaplrli-heR Bbeb28etRé’ opbRaRi6RBNEEEI Prformed for the
next lot.
The developing solution supply nozzle of the
10 present invention is able to have a plurality of
solqtion storages which are stacked each other. As
shown in FIG. 17, the supply nozzle may be, e.g., a
two-stage developing solution supply nozzle 36" in
which a first-stage solution storage 37’ is connected
15 to a second-stage solution storage 37" via a connecting
pipe 200. The upper surfaces of the first- and second-
stage solution storages 37’ and 37" are constituted by
inclined surfaces 45’ and 46' and inclined surfaces 45"
and 46", respectively, as in the first embodiment shown
20 in FIG. 1. The highest portions between the inclined
| surfaces 45’ and 46’ and between the inclined surfaces
45"'and.46" have exhaust ports 50’ and 50", respec-
tively. Guide membérs 55’ and 55" are formed below the
opening positions of a supply passage 38’ and the
25 connecting pipe 200 in the first- and second-stage

solution storages 37’ and 37", respectively. The lower

surfaces of the guide members 55’ and 55" are



pi pe 200. The upper surfaces of the first- and second- st age
solUtion storages 37' and 37" are constituted by i nclined surfaces
45' -and 46' and inclined surfaces 45" and 46", respectively, as in
the first enbodi mrent shown 20 in FIG 1. The highest portions between
t he inclined surfaces 45 and 46' and between the inclined surfaces
45" and 46" have exhaust ports 50' and 50%, P8spec- tively. Quide
menbers 55' and 55" are formed bel ow t he openi ng positions of a
supply passage 38 and the 25 connecting pipe 200 in the first- and s
second- st age sol ution storages 37" and 37", respectively. The |ower
surfaces of the g%?ﬂéthﬁﬁﬁéﬁsb351n§gén39"?uﬁﬁéces 55a and 55b each

- 28 - constituted by inclined surfaces 55a and 55b each |

having a | ow centRaV1pgr @i dAWaRENtFELnPERtEAR BBl E¥Ashigh end peggions.
connecting pipes 200 are di sposed bel ow the openin positions,of a
plurality of (e.giPe;RPREPCLHBE Pireg 200 B£§S§Q§Eg§3d.bel°w the openjng
this nulti-stage developing solution suppl nozzl e 36", .bubbl es

i iy cons st ncPSFEFSPRR 08 o PLOZalRR. e, (gogny ERERES BHERLA by ¢ he
first-stage. sol ut] ,Storage 37'. The bubbles left in the
developinggslo bg%%?ﬁ??oﬁssﬂpplied fromthe first-stage solution storage

37 1o the second st aggsghitl 4113406983 Revbi B, solutionCBUARALI N0

pi pe 200 are noved by e secon ag on-storage

result, as conpargd,yhbhze«, bubbiBS RhRELG SbAgEsEEHG! ORI RE1aRLYELPN
supply nozzl e 36

large bubbles are removed by the first-stage solution
storage 37'. The bubbles left in the developing

10 solution supplied from the first-stage solﬁtion storage
37' to the second-stage solution storage 37" via the
connecting pipe 200 are moved by the second-stage |
solution storage 37". As a result, as compared with
the single-stage developing solution supply nézile 36

15 shown in FIG. 6, fine bubbles can be more precisely
removed to cope with high-precision developing process.
In this embodiment, two solution storages are stacked,
but the number of solution storages to be stacked on
each other may be three or more.

20 One embodiment of the present invention has been
described above by taking a developing apparatus as an
example. However, the present invention is not limited
to this embodiment and can take various modifications.
FIGS. 19 and 21 are related to improvements of a drain

25 line for flowing waste solutions discharged from
solutioh discharge pipes (26 in FIG. 2) of developing

apparatuses 6a, 6b, and 6c. That is, as shown in



15 shown in FIG 6, fine bubbles can be nore precisely renoved
to tope W th high-precision devel opi ng process. In this enbodi nent,
two. sol uti on storages are stacked, but the nunber of solution
storages to be stacked on each other may be three or nore. 20

One enbodi nent of the present invention has been descri bed above by
taki ng a devel opi ng apparatus as an - @@anpl e. However, the present
invention is not limted to this enbodi nent and can take various
nodi fications. FIGS. 19 and 21 are related to inprovenents of a
drain 25 line for flow ng waste sol utions di scharged from

sol ution di schar géIgi.pé8,(2a iandEaGn Zﬁnefgeenehdﬂyn@sed in compyeatdonsds
6a, 6b, and 6c. That is, as shown in

- 29 - systens, wasiedsailutions gésehalrigedufedn rkheoswdutiional
systens, waste sol utions discharged fromthe sol ution di schar ge

pi pes 25 of the de¥&rbprag @p@@ﬁaﬂés@§ the developigly apparetuges 6@l ect ed
to a single drain glpe 120 and 5 di sposed. _In this system as shown
in FIG 20, a ' aﬁénﬁfsomelss?l.l@:ﬁreévt@ee single 9FRdf @iPeof20hand
sol ution dlscharge glpe 26 of each of the devel opi ng appar at uses
6a, 6b, and® PRERAR ol M1 EDig systewm, as s °W(5‘f 1&‘ \ﬁ&@t e 28av @ opi ng
sol ution dlscharged f.r.o n har 6.to the
drai n pi pe 120. fRéni 874 qglu&ﬁopfﬁﬂégggya% ﬁgﬁhﬁ 8#2&P§p03|ng of

Tt "o AR BLR e h8 SRR i, SR
bel ow the develOpgﬂgaratuses 6a, 6b, and 6c. This manifold 121 disposes
of a waste developing solution discharged from the
10 solution discharge pipe 26 to the dréin pipe 120.
Unfortunately, in this method of disposing of
solutions by collecting them to a single dréin pipe
120, the number of relay points is increased, and
the drain pipe must be routed below the-develbping
15 apparatuses 6a, 6b, and 6c, increasing the length of
the drain pipe. This may interfere with a smooth flow
of a waste developing solution. Also, the manifold 121
generally used in conventional systems is relatively
long in a horizontal direction. 'This makes it
20 difficult to connect the ‘drain pipe 120 to a high
position. Additionally, the inclination of the drain
pipe 120 is nearly horizontal because the drain pipe
120 is long. This further deteriorates the flow of a
waste developing solutionf
25 As shown in FIG. 19, therefore, separate drain
pipes 122, 123, and 124 preferably dispose of waste

solutions discharged from the solution diécharge pipes



15 apparatuses 6a, 6b, and 6c, increasing the |ength of t he

drain pi'pe. This may interfere with a smooth flow of a waste
devel'opi ng solution. Also, the manifold 121 general ly used in.
conventional systens is relatively long in a horizontal direction
This makes it 20 “difficult to connect the drain pipe 120 to a high
position. Additionally, the inclination ot t3® d~ain pi pe 120 is
nearly horizontal because the drain pipe 120 is long. This further
deteriorates the flow of a - waste devel oping solution. 25 S
As shown in FIG 19, therefore, separate drain pi pes 122, 123, and ™
124 preferably d|$pésenoFIﬂasQe of the deseldbpdmsy @msehaﬁge@sfﬁanlﬁhe

sol uti on di scharge pipes - 30 -

(26 in FIG 2) of andebdetel thiengudsideapdsshecasystiem. This deededseso t he
out side of -the system This decreases t he nunber of relay points

and the | ength of theenumbiexr of relayppodntsnandhahef dengiih ofs thes doatim

di sposal of a waste 5 devel oping solution. It is also preferable to
attach a péppar andy &heredoriec aliipwisoAg smewitho dd spps ads ofhewwaiske

FIG 21 to the | ower end of the solution dlscharge pi pe 26 of each

of the devePoping &ﬁ&&P&ﬁ@§é§°@&t19@ ad# is also prefigmablenite adtiech @
posi tion. | Thi s nEREEATAELVELY VeTtieRLAY, 8 doRAEchi S de Sidyn in
(ol attvely laroe 898, gy vo, sl Ukt BESH, Hh s RS BT 18
26 of each of the developing apparatuses 6a, 6b, and
6c. With this manifold 125, the drain pipe 120 can be
10 readily connected to a high position. This makes the
inclination of the drain pipe 120 relatively large and
allows a smooth flow of a waste developing solution.
In any of the embodiments described abové, a
developing solution is supplied onto the surface of
15 a resist film forﬁed_on a substrate for applying a
developing treatment to the resist film. Howevef, the
present invention is not limited to these embodiments.
To be more specific, the technical idea of the present
invention can be applied to any types of processing
20 apparatuses and processing methods, in which a
processing solution is supplied onto a surface of the
substrate for applying some treatment to a film formed
on the substrate.
Additional advantages and modifications will
25 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

the specific details and representative embodiments



devel opi ng solution is supplied onto the surface of 15 a resist film

f ormed, on a substrate for applying a devel oping treatnent to the
resist film However, the present invention is not limted to these
enbodi nent s. To be nore specific, the technical idea of the present
i nvention can be applied to any types of processing 20 appar at uses and
processi ng net hods, in which a prece3sing solution is supplied onto
a surface of the substrate for applying sone treatnent to a film

f or med on . the substrate. Addi ti onal advant ages and
nodi fications will 25 readily occur to those skilled in the art.

Ther ef or e, shows andedesoribadi herbinadeAcaspdingliys weribusgited to
the specific details and representative enbodi nents

- 31 - shown amddiiéicatbedshwayi he mederwibhhbyt depastidngrfaion thei ons
may be nade without departing fromthe spirit or scope of the general

i nventive conceptspérifieprnadopg phiethppepdedadl anwendayet keincepiupsal ent s.
- 32 - CLAI V5 1. A

processi ng apparaﬂgglggﬁpbysthg appended claims and their equivalents.



a processing unit for containing a substrate; ap
sol'ution supply nozzle arranged above 5 t he substrate; umﬂﬂﬂ'mm"m"l“l
L« S *

processi ng solution storage forned inside said supply

havi ng an upper surface consisting of at | east one inclined

surface; a supply passage for supplying a solution into 10

sai d sol ution storage; a plunglb%y of eject holes forned in a

| ower surface of said supply nozzle ej ect the processing '
solution in said solution storage; and an exhaust port formed .°:.
in a high portion of said 15 inclined surface of said solution '

st or age. 2. An appar at us acco&ﬁA dst O claim1, further

conprising a guide nenber formed in said solution storage to

di sperse a flow of theprogessiRgssqhyt i t Skl e .f rom sai d
suppl y passage into said so S?Fb%s gbﬁ hBBSfSr%SeFO b * % 3. An

appar atus accordi ng t0aChRlgPels iWiCLeiR for contaif¥hbaee sabstahdequi de

menber opposi ng said ejecCt holes is lowin a Central portion
thereof and high in twa cessing sBQutiOASsuppl9Oohozzd® arranged 4bovaAn
apparatus according to claim2, wherein a surface of said guide
menber opposi ng séheé sphbetrhekes is inclined upward froma central
portion thereof to - 338 -

two end portions thereaf processing solution storage formed inside said
supply nozzle and having an upper surface consisting of
at least one inclined surface; |

a supply passage for supplying a solution into

10 said solution storage;

a plurality of eject holes formed in a lower
surface of said supply nozzle to eject the processing
solution in said solution storage; and |

an exhaust port formed in a high portion of said

15 inclined surface of said solution storage.

2. An apparatus according to claim 1, further
comprising a guide member formed in said solution
storage to disperse a flow of the processing solution
supplied from said supply passage into said solution

20 ' storage.

3. An apparatus according to claim 1, wherein a
surface of said guide member opposing said eject holes
is low in a central portion thereof and high in two end
portions thereof.

25 4. An apparatus according to claim 2, wherein a
surface of said guide member opposing saia eject'holes

is inclined upward from a central portion thereof to



5. An apparatus according to claim1, wherein said su
has' a 1 ength not |ess than a width of the substrate, ﬂb i“!l "IIII
a nmbvi ng mechani sm for 5 relatively noving said supply

substrate in a direction perpendicular to a w dthw se dlrectlon

of said supply nozzle. 6. An apparatus according to claimb5,

wher ei n _ sai d supply nozzle is one _of shower head and a slit 10

nozzl e. 7. An apparatus according to claim1, wherein

a sectional shape of said inclined surface of said sol ution storage ..
is a substantially inverted V shape. 8. An apparatus according

to any one of claips gndéﬁo tloﬁQ énetbsEei n a sectional shape of the
surface of said ﬁ nber opposing said eject holes is a

subst an- tially, '”Kﬁrhﬁﬁa¥éﬁﬁép§ecordlnP to clan AN FRERERRUS
according to claima1, wher ei n said supply nozzle conprlses at | east

two sol ution 20_saldSQ@;[spyfzSnékﬂéeﬂagnaela@ﬂg@hhﬁét less than a wfdtAn
apparatus according to claim1, wherein exhaust neans for

exhausting air frefntchedssbbbiat8, and compiDEdgg & Smoevingchechanisai for
exhaust port. 11. An apparatus according to claim 10, wherein
25 sai b exhaus¢lativelyompyisgssaid extippty popzleocandcthe substratéo
t he exhaust port and a suction punp connected to sai d exhaust pi pe.
- 34 - in a direction perpendicular to a widthwise direction
of said supply nozzle.
6. An apparatus according to claim 5, wherein
said supply nozzle is one of a shower head and a slit
10 nozzle.
7. An apparatus according to claim 1, wherein
a sectional shape of said inclined surface of said
solution storage is a substantially inverted V shape.
8. An apparatus according to any one of claims 2
15 . to 4, wherein a sectional shape of the surface of said
guide member opposing said eject holes is a substan-
tially inverted V shape.
9. An apparatus according to claim 1, wherein.
said suppiy nozzle comprises at least two solution
20 storages stacked on each other.

10. An apparatus according to claim 1, wherein
exhaust means for exhausting air from said solution
storage is connected-to said exhaust port.

11. An apparatus according to claim 10, wherein

25 said exhaust means comprises an exhaust pipe connected

to the exhaust port and a suction pump connected to

said exhaust pipe.



compseE7a BVl O B " BT ana o ot AR

pi pes respectively connected to the plurality of exhau

nmer ge near 5 said supply nozzle and are connected to said suctlon
punp. ' 13. A processing apparatus conpri sing:

processing unit for storing a substrate; ~a processing solutlon
supply nozzl e arranged above 10 t he subs%rate a
processi ng solution storage forned inside said supply nozzl e;

a supply passage for supplying a processing solution into said

solution storage; 1573, PeanaPEEﬁ§|hE¥oPélﬁgeEé 8eLea i?rnﬁﬂekelﬁ | over

surface of said supply nozz e] ect the procéssing solution in

sai d solution stofpgeexhaust port coﬁﬁr?é@@uétppﬁf&liﬁy gxhaynki8g air from
sai d solution storage to the outside; ‘and a guide

menber for di spergopesi ShamhoﬁlhBSllty of eﬁh@ﬁ@ﬁSpﬂ?eﬁokébpéat§Vémyled
fromsaid supply passage into said solution storage.

14. An apparatus ecanedted to chai plidaliberefneghaust porsslhéegeohessi d
gui de. nenber opposing said eject holes 25 is lowin a central portion
t hereof ands hi gh saiwsupplly nozzle pndt apascbheeebéd to said suctibn An
apparatus according to claim 13, wherein

- 35 - pump.

13. A processing apparatus comprising:
a processing unit for storing a substrate;
a processing solution supply nozzle arranged abovg

10 . the substrate;

a processing solution storage formed inéide said
supply nozzle; |

a supply passage for supplying a processing
solution into said solution storage;

15 a plurality of eject holes formed in a lower
surface of said supply nozzle to eject the processing
solution in said solution storage;

an exhaust port for exhausting air from said
solution storage tolthe outside; and

ZQ a guide member for dispersing a flow of the
processing- -solution supplied from said supply passage
into said solution storage. |

14. An apparatus according to claim 13, wherein a
surface of said guide member opposing said eject holes

25 is low in a central portion thereof and high in two end
portions thereof.

15. An apparatus according to claim 13; wherein



a surface of said guide member opposi ng said eject ho

-y
(ot e upmard from s central portion thereot - co o JAIRARHMANINN

said supply nozzle has a length not |ess than a width of the
substrate, and conprising a noving mechani smfor relatively noving
sai d supply nozzle and the substrate _ 3'n_a direction perpendi cul ar

to a widthw se direction of said supply nozzle. 10 17. An
apparatus according to claim 16, wherein sai d supply nozzle'is one . .
of a shower head and a slit nozzl e. 18. An apparatus

according to any png,ptaglabfPedfy guide mifod ofSLehd 2afeciiobel shape

of said inclined sal d solutto ora

substantially  polesi{¥eifi€fiNedN@PRard from a cenidPal POHrePPA!@lidSeos
according to claim13, wherein said supply nozzl e conprises at

|l east two sol uti ofs two endSpOFefEsEs SEREKESFon each other. 20 20.
An apparatus according to cl'aim 13, wherein exhaust neans for

exhausting air fromspgd sphusppiratus accSt@ingerd ScToMMEL) povhiorsand
exhaust port. 21. An apparatus according to claim?20, wherein

said exhaugg neansatdnpupskty Aozekdahss Pi pengoiinect etes@5than 4 owidich

exhaust port and a suction punp connected to sai d exhaust pipe.

22. An appar at us @fconeli sgbstreta) na2d, comprising a moving mechanism for
relatively moving said supply nozzle and the substrate
in a direction perpendicular to a widthwise direction
of said supply nozzle.

10 17. An apparatus according to claim 16, wherein
said supply nozzle is one of a shower head and a slit
nozzle.

18. An apparatus according to any one of claims 13
to 15, wherein a sectional shape of said inclined

15 surface of said solution storage is a substantially
inverted V shape.

19. An apparatus according to claim 13; wherein
said supply nozzle comprises at least two solution
storages stacked on each other.

20 20. An apparatus according to claim 13, wherein
exhaust means for exhausting air from said solution
storage is connected to said exhaust port.

21. An apparatus according to claim 20, wherein
said exhaust means comprises an exhaust pipe connected

25 to the exhaust port and a suction pump connected to

said exhaust pipe.

22. An apparatus according to claim 21, wherein



po?‘?s and a pl ur;Ih?t ;XQ?UZ;hgﬁgt (p:)iC);)ne);i fgngcf! \ljtraﬁlyi Ly of exggﬂmmumm "III " lII
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the:plurality of exhaust ports nerge near said supply n

are connected to said suction 5 punp. , 23. An appar at us
according to claim 13, wherein an upper surface of said solution
storage conprises at | east one ingli€€d_surface. 24. An
apparatus according to claim23, wherein a sectional shape of said
i nclined surface of said solution storage is a substantially

I nverted V shape. 25. An apparatus according to claim13,
wherein | AUS | | ' o4t aid

i nclined surfacesﬁf)i#éjsegflﬁl;| sd%u??%% %?%égéﬁsg %gpPuPéﬂftfé%? é%?%ﬁ%%essing

method of processpiie s, SahetadhPurality oPVeShPRsY | Ppds PEOSSSSt e Bp! uti on
to a surface of the substrate,” conprising the steps of: _
suppl ying the pr%&&sé@geéowttﬁéolspufaﬁpwtwr\exhaust pSEEE AErdO MBS i N a
supply nozzle and ejecting the 2 processing solution in sald solution
storage froma said sWhpIf hé¥zDé £h&CirdotesnéoOtaRdtod Ns&id oxedt Somif ace

of sai d supply nozzle, thereby supplying the processing

solution orb a surpaae. of a substrate; and exhausting air from
said solution storage through 25 an exhaust port fornmed in said supply
nozzl e. 273 . A Art appangtes daegerding aton @baimhkd giwherein san
exhausted from said solution storage while the

-37- upper surface of said solution storage comprises at

least one inclined surface.
24. An apparatus according to claim 23, wherein a

10 sectional shape of said inclined surface of said
solution storage is a substantially inverted V shape.

25. An apparatus according to cléim 13, wherein
said exhaust port is formed in a high portion of said
inclined surface of said solution storage.

15 26. A processing method of processing a substrate
by supplying a processing solution to a surface of the
substrate,‘compriéing the steps of:

supplying the processing solution to a solution
storage formed in a supply nozzle and ejecting the

20 ' processing solution in said solution storage from a
plurality of eject holes formed in a lower surface of
said supply nozéle, thereby supplying the processing

- solution on a surface of a substrate; and
exhausting air from said solution storage through

25 an exhaust port formed in said supply nozzle.

27. A method according to claim 26, wherein air is

exhausted from said solution storage while the



processing solution:is supplled to the surface of the
o ard ool ot on st o sge bat v the 25 bt bnessi ng som.uﬂlﬂﬁﬂlﬂﬂllﬁﬂllllllll

supplied to the surface of the substrate. . A ‘et hod
according to claim26 or 27, wherein air is exhausted fron1sa|d
solution storage after the C proceSS|n9 solution is supplied to the
surface of the 10 substrate a plurality of times. 30. A
met hod according to claim26 or 27, wherein air is exhausted from .
said solution storage after the processing solution is supplied to
one ot of a proc@égiﬂﬁlé%l&%iéﬂbféréﬁﬁﬁlied to the surface of the
substrate.

28. A method according to claim 26 or 27, wherein

air is exhausted from said solution storage before the
5 processing solution is supplied to the surface of the
substrate.

29. A method according to claim 26 or 27, wherein
air is exhausted from'said solution storage after the
processing solution is supplied to the surféce of the

10 substrate a plurality of times.

30. A method according to claim 26 or 27} wherein
air is exhausted'ﬁrom said solution storage after the
processing solution is supplied to one lot of a
plurality of substrates.

15 31. A procéssing'apparatus and processing method,
substantially as hereinbefore described.with reference
to FIGS. 1 to 17, 19 and 21 of the accompanying

drawings.
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