“5)*+, e3e#bQrIIKt N FNP6QTbQm  Met hod of forming coating fil mand appar at us
t heref o~ The present invention relates a nethod of formng a coating film
such as a resist filmon a sem conductor wafer or a |ayer formed thereon,
and an apparatus therefor. 5 As is well known, in the field of

sem conductor techniques, a resist filmis formed on the surface of a |ayer

as a mask for a pattern portion when a sem conductor | ayery ng
| ayer, or an el ectrode |ayer forned on a sem conductor waf mwmmmmmumn
etched into a 10 predeterm ned pattern. For exanple, spin coa Q§$

as a nethod of formng a resist film According to this met hod, tabl e |s
rotated wth a sem conductor wafer being placed and fixed t

exanple, a resist solution 15 consisting of a solvent and aﬂ ﬂ&mm %mﬁ@ ive
resin is dropped on the central portion of the upper surfac

The resist solution is spirally diffused fromthe central positi¥{%f 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
t he sem conductor wafer. According to this met hod, in the process of

di ffusing the resist solution fromthe gentral position of the wafer to its
peri pher al portion the solvent in 25 the resi st solution evaporates. For
this reason, osily. é the reS| solutlon vari.es in a diffusion -
2 dlrectlo%h % f% ek SFlPﬁe %%@.?P ﬁaﬂeﬁa?he central portion
is different trontthat at the. perripheral portlon 'm addition, the

peri pheral velocity at the peripheral por n is hi r_.than_that at the
central 5 positi d];ﬁ’e PR Eat REPPRGOENG @!5 tané“erg%é‘?%togotf%t’f‘bﬂgat t he

peri pheral pordeaning filth sacgeast Iaarretstiastt Ailmercentsethiposdtcdar Thus,
uni form coatj g a5 NPty DEPPEBLABH: thereon, and an apparatus

therefo:.

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




" For this reason, as described in Jpn. Pat. Appln. 10 KOKAlI Publication Nos.
57-43422 and 59- 141220, there is provided a nethod of adjusting the
_tenperature of a resist solution or a nmethod of filling the same solvent as
in aresist solution in a resist filmformation atnosphere to suppress
evaporation of the solvent in 15 the regist solution. As described in Jpn.
Pat. Appln. KOKAI Publication Nos. 59-1189S, 61-9165S, and 61-150332, a

nmet hod of dropping the solvent of a resist solution on-a wafer surface
prior to reﬁh&bcﬁﬂdﬂi(Bndxtnérmhisknése pfobbsedeszetlﬁlﬂhedﬂnﬁme net hod

however, th t ) S S n L Si. s f|
| ar ge. For gf%%%%g r€1 é&fﬁégﬁggtg?Oh gngun gerl %ﬂ
contri bute Poridogal fﬂﬂrﬁﬂdxﬁ#@ﬁ thberegrsphﬁtahlVEépCekam@ﬁath&)fornla
1-um thi ck eyﬁatnefﬂalmpcﬂfeﬁoﬁolﬁ 3 ﬁératﬁgﬁl ehaeolatat k@R e taquired for
an 8" senlcondu tor mﬁﬂ§{ ?ter %% S dlfflcult to obtain
unlforﬁ1coaﬁ9ijgﬁﬂ¥ ?rﬁF%BE%EﬁPEOHEPUBFoﬁﬁe Sc &St fhesolution

sati sfact oridty t4md weskighie f 81 apoobj ent ief mtbe mrae@ertt thaveriian 410 provi de
30 a nethod "HE(??Hﬂrf 9t§gglle&hggnupkl% %p% 19 sdtglcwls ch as a

can For av r%t%uc ness

resist solutlon an ma coating fi I'ng a uani’f or and
an apparatu@bﬁakﬂ%ﬁor According to an aspect of the present invention, 35

t][lere :s provi dedao'ak rm{ﬂoﬂeeéctaﬁorgbnaeaceqebangnf ljgnfwaor;@m%hte SEeps
of applying a. coating n on one surface q substrate
kept F&¥ate§aﬁé% Jhﬁl%? b%%dNo?OtE? ﬁ§4?ﬁe a0Gprdte Eﬂfﬁﬁth t he

sol vent at d ipsividedta onathspeed adjdstﬁugetmhetaMp&ratutaomghaan .
entire area ol ane s%’flj@fﬁl 80da3pBL1LR0 G BAdake HLd ADWNL Alne cOati ng

solution at su stan 511 center o trate while rotatlng t he
substrate at®$ Jsféc%nﬁe?b?*aﬁ%‘éf:lgbeé& 3 ﬁ@lsélif— difrudidgrahkeroat i ng

sol ution to dtheefiére osesupbrose swibacetion yMmihscaadlivgntiim
enti on substrat 10 (sem conduct or waf er,

Accor gt the resent n
li qui gégr yst ?%t%Ojolrlgtl% | i ﬁg) dr%ssgr’f§‘b§ SubstiRite F3%el f and a
substratelrkppkhng K@K&E sPoblachajen dfosot BEr- el i & s SuehHS asarad net al

llayer and sei.coswhiesd oral Q¥ehodTher ehey; gﬁ»m@ SRSt Al G PR £ 4l %ébs%
sol vent- |nd|c es a sol vent glrectlx 1 lied on the subs 1t1gte or

sol vent appld %u%‘h 3 Vayer FBFﬁ@&eorPrtlﬁéf HTHEE +81 it nreans
a substrate csetnghisa ebabi pgopokatli.on is to be applied. The shape of the

substrage is not j)nifgde Thus, nikolly haxR Al rou atndisk sbapesier

rect angul ar shape or Ing to the presen |nvent
coating sol BPbutiomieaedsia ferminen aviash v sk l$rﬂ®?§¢qU|8°§tate by a

solvent, as dgakeIyenbhopahl ¥ouseddim dhe cEPid@he oFOregxarpl e, it
eans a res'§élutlon 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 metheod, 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



" 25 (photo-sensitive) solution, nagnetized solution on the like. According
to the present .invention, the size of, for exanple, a sem conductor wafer
_serving as a substrate, the rotational speed during coating a coating 30
solution, the inner dianmeter of a nozzle (second nozzle) for the coating
solution, supply tinme and anount of the coating solution are preferably set
as follows. However, the conditions are not limted to these. 6" wafer 35
Rot ati onal Speed: 3,000 to 6,000 rpmInner Dianeter of Nozzle: 0.1 to 2.0
M - 4 SupePpedi nerEat ingf dhessp bsdaatey @pnsied (i bh stsusel yeakount 5

Flat \afer: 48k 2% oﬁlesec%eaeaoﬂéﬁeﬁsp@e’ﬁ (c23) (blcﬁ:ﬁlsé/vaéreé F@émé@ﬂal
Speed: 2, 000 to4 000_rp ner

of Nozz qfﬂ pIy
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Di aneter of fl&@iﬁbetﬁefitaéte.n@T@éQMﬁ/le nes 1284 SeeupphyeAnBENbRZ. 01 09. 0
cc30 This |nvegt|on ca% be nDrEf%ﬁﬁémf erstoodfront he foll owi ng detail ed
descri ption SWh ﬁcFaﬁgn'ﬁfghﬁlﬁﬂﬁ tH't he acconpanyi ngdrawi ngs, in

which:FIG .1 is acsoldimg ¢ovitdwsiosenta ireestioat i aAgapparaets for

perfofging @s@EEEBHdQEtfo‘?:V Wd’i@r CQ@:H_{&‘Q@%E'é’E%PCé:QEQtPQtEOoént%@bOd' ment of
the present_inven-tion; l'an_ view of th coatln g@{atus -

5 FIG 3 |§153t|WﬁﬁﬁscﬁaﬁPQﬂﬁﬁﬁqﬁ)%?ﬁ@hfs@%ﬁr@es?PﬁﬁFFEFe P&F iR tine

of a bel |l owsapeEp) oef za lregistoSAilie ormitonialsogath asdat heteperation

Limng of ansgbt-aRa ALad valuE MLl & Lebser, gl bLUE: 3 ELGSc4Ad0 4C are.

sectional views réspective ér ent rons of a
resi st soIuﬁpéhl§dpmy¢hn@zﬁQ&¥ﬂﬂF|1%du¢§t%$ QoﬁplbﬁntFﬁGFeSﬁly an enl ar ged

perspesti veaybeWeahw A% Sdrdeadorsedsbivihe 6paliBe apPRS
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" Wafer -
35 Rotational Speed: 3,000 to 6,000 rpm
Inner Diameter of Nozzle: 0.1 to 2.0 mm



"10 FIG 6 is a sectional view of the spray head; FIG 7 is a flow chart for
explaining a nethod of formng a resist filmusing the coating apparat us;
_FIG B is a schematic perspective view showi ng an entire resi st
coat i ng/ devel opi ng apparatus to which the 15 coating apparatus is applied,
FIGS. 9 and 10 are a perspective view ahd”a sectional view respectively,
showi ng the nodification of a spray head; FIGS. 11 to 13 are sectional
Vi ews respective%x§%ﬁé§§gyk?g the different nodifications of the nozzle .
assenbly of a spra ad; G 14 is a perspective view show ng the
nodi fication of a nozAZll@tad¥efty and a gl ass substrate as & Bodysesm which
a coating film is togefH meidte?d FIG 15 is a graph showing a 44 ckness
variation range by the rel ati onship between the discharge tinme of the
resi st solution Ri¥e AMRUAT onal speed of an 8" semiconductor wafer; FIG
16 is g graph show ng Bl redét onshi p between 30 the a@i.schay ge. d ide and
the di scharge flow rat ist solution, and the rotati | speed of
the wafer; FIG 17 is @%%%W%ﬁ%s\}w ng a thickness varia ‘isgnt(? aﬁ'gi %f/ t he
rel ationshi p bet\iderWafer di scharge time of the resist solution and the
rotational speedriattidhaBSsgeshconductor wafer; oFlogo 1% 16, doSchshatiC
sectional view show ng an qg aratys for _formng a resist filmin a sol vent
- 6 atrnosphere: AREE 13 EeEREnHPPEL8écti onal vi ew SHovihg? ah ®Ppar at us
for faom ng a reshwgpXy ITdmeé a reduced pressure atnosphere; 5 FIGS. 20 and
21 are a schematic secfjonal,¥Lgw and a schematic plan viewrespectively,
showi ng a coating apparatus %aV|hg three resist solution supply nozzles;

Uneven Wafer: 4 12 sec

Supply Amount

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 +1 sec
Uneven Wafer: 7 £l 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 +4 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 schemetic 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;
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FIG 22 is a schematic plan view for explaining the nodification of the
apparatus shown in FIG 21; 10 FIG 23 is a schematic plane view for
expl ai ning the nodification of the apparatus shown in FIG 22; FIG 23A and
2.3B are cross-sectional views taken along |lines 23A-23B and 23B-23B in
FIG 23, respectively; FIG 24 is a schematic plane view for explaining the
15 other nodification of the apparatus shown in FIG 22; FIG 24A and 24B

are cross sectional_ views taken aloag Iiges 24A- 24A ang,24 -24B in FIG 24,
respectively; FI 135 3 &% 3 & ASw FBF CeXPPYEAPng SN dd55R2HSRs havi ng
further difffareentraspr ayd hisaddsg tairde 20£FaCGhbe2fiows auplpan ofi ewrsdsdwitng t he
nodi ficatio f r . e p t i nsEl

enbodi ment %ﬁqtuhtgogfe@%onr?e%ﬁ%g%ﬁ%naﬁmal ?Bgegggzg?;@%gd%ilﬁlggt 3% a\?\/lpt h

ref erence t @itteorgrifprhri¥d hige df hfnngs1apsel Rt kildedescription, a net hod of

form 3_@ a coatihn@ﬂfd:é mgndea i@ratagsla}@ﬁ%batamslvgrew@ Q%%t;idtg:himd ay]ga} us
according to.the present. jpyentipn w.ll. . be applied to a nethod of formng a
Poeret 1T maio il e Y ST B P 125 2BRA R e ST T 38
As shown in skigply,ndhel ecandnyjtappasabls poarponses a process vessel 1, a
rotating nmenber LNQg: a; yerti vahl | SJ . , i n chuck
2, a notor 2a sugﬁﬁgé %aﬁﬁléé %g%%¥g§g ggﬁgéﬁg& %?:%3%%:%&?% |€Q%pin chuck
2, a spray HEkRn head wSedahhi hfenceRAHNIMEPPB atHfY process vessel 1
houseg @ target torde goated gecaiBnsk- Miker BHHHAlEr £ head;

sem conduct or waf W(tp be referred to as a wafer hereinaffer). The spin
chuck 2 holdsjﬁha'méfb? evéﬁoﬁtgﬁﬁﬁﬁefaﬁn%%¥ a%%%%?rﬁnw%%%?%|° tate by
vacuum suct iDermamg @ srestatediam asvad diflee aartdtiorppapredsaccording to

a preset programpfsuppiy ROZzhemd tild Ep%tré'ﬁfgczﬂieoe of { & SOhYRDhgARl @ 5
coating solution and a, su nozzl e second nozzlq%% f a resgsﬁﬁsolutlon
p

. . supply nozzle 4 0
B as the col®Phiyr@oFatidh, CRGLADEY ARYIAPRINE MRRDT WDV YhEC ©chuck
2, are x| osecéoterghapphentand isntagglaldd; nounted on the spray head 5.

The. scanni ng nech?fg mg Eﬁdal%e%@%131Eé?%§¥£EhJ§eV£éhSgﬁéyahead 5 to nove

between a spray head_waiting position operating position above the
waf er. A sol yeaticuppl yipet hrasees trisslst, sdianinh uppngdphigation
respectivelyoffgogﬁgg?_ﬁgéabes 3 and 4 conprise tenperature adjustnent

[

mechani sms 10 for_sSet ng %he . . . '
FIGS. 1 o 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



15 solvent A and the resist solution B flow ng through. these paths to
preset tenperatures, respectively. The supply nozzle 3 is connected to a
solvent tank 7b through a solvent supply tube 7 as a solvent supply path
and an openi ng/closing valve 7a. A predgterm ned 20 anount of the solvent A
in the solvent tank 7b can be supplied to the wafer Win a predeterm ned
time by controlling the pressure of a nitride (N2) gas supplied to the

sol vent tank+ihs 'Hg%585|st sol ution supply nozzle 4 communi cates 25 with a
resist solution tank 8b through a resist solution supply tube 8 as a resi st
sol ution supply pat% ¥ st®k?b3CReVAFVE BECTaRNALr VoSt W ARE VR 8d, a
bubbl e r enp\dp rEomNEem Berhonigsepaeatisng faneth reneyidigiuadibl es in the

resi st solutlo and a 30 bell ows punp 8g are subsequently
provi ded t o A %ﬁje {#$%%éh%e?roms punp 8g is controlled by a driving

secti ol to be exﬁ@ﬁﬂhbl%ﬂa@@dc&h éuppaySGh@m&&@mnﬂa;tﬁqnﬁlev#&%d@m@rnined
amount - of reé@%@%@i&%ﬁ@ﬂ wgwceetegglecaqveu@,n %fh&ﬂen %v%iﬁgough the

nozzle 4. Thus, this hech anhsn1can control suppl y anDunt e resist
sol ution so %Hﬂﬁr%tiu? sh%yégtﬁ REERAESIA ta SCOMFCAT GHIFDHBUNEE LaMe dr i vi ng
section conpri SegFI®. 922 ﬂsba|bchema81c8@ﬂew a&%mﬂﬂqmEﬂmpluﬁﬁim@tﬁdeby a

screw havin o) pg[ ache o] of, |§¥§ and a nut
t hreadably g%égg% f%ﬁ ﬁgsgg%re gﬂg stepplng or “for linearly
movi ng & he scr ewEbS/Gr o2atinmgat ﬁéhﬁmﬁtlS P eparitgw uf @F | §XPIadniRder

di aneter of dlie f&esisicselohi 6f %HBD'a)égéQ%Hu@s %n@:@eintm@ 129 2.0 mMm
and preferably 1.0 mm for bly 1.5 mm

an r ef
for an 8" wafer, BHHd OzéAtﬁng §3ﬁnﬁr§n&ﬁﬂ%§?§%ﬂﬁﬂp%?%)Yﬁé%%rgﬁﬁiﬁ" waf er .
In this namhﬂqnginﬂmehomgh -the dndnet:@-23B tie Fzz| 23 | srpspéetabkyyset in

accor dance wi th gﬁ.‘gss' 28 9fs %hgcYY%Fn%rt’lﬁJ ’pl%‘?ﬂﬁ ke &f bféfa%{#%?ﬁhg‘ EE{' n the

range of 0.1 to can ‘su
sol utildn in %tl?#ﬁalm@‘?lﬁhﬁéﬁﬂoﬂopfatlhén@érpatﬁ%ﬁéls wfé@wrﬁhéns%@ y225 time is

short, uniform tyrot.theaf bha bhbCkres crics e ageshanndi ¥hgnthkehs | ong,
e T eehst sl ohy o S 0L sharahal D POTLPIT abpeordy one ol Ll vt
di aneter of the HBIGLe2andsthepﬁ@esymﬁwfﬂnr:Rkp&qmmymgganheppesatus
sol ution. 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



“In the resist solution supply system having the above arrangenent, the

di scharge tine of the resist solution is controlled by the drive tine of
.the stepping notor 8h for the bellows punp 8g (control precision: 25 t2
msec). The di scharge amount of the resist_solution is set by the drive
operation of the bellows punp 8g, e.g., a drive tine and a drive speed, and
t he openi ng/ cl osi ng operation (ON-OFF operation) of the air-operated val ve

8d for openpngeshasihe LATd:esl Un sy P supBby PALB. nBQ4 eHAmI e, as
shown in FIG£ %, Ehe dlscharqgiste s of _the bellomg %ng 8% ar i vi ded
into a driv8“Fir8e¥i @ S tﬁﬂﬁucﬁp%f%%rr%F%F? ng dPs¥ §F§§}eTD1 when a

flow rate grataalibpalnepezskescaaiinvg tone prasetnpdogtemperiaod after

di schar ge) the, f| te i pt -const and rive fal

time (last %g%?gg \gg%%rlg 1%1 n(i%srﬁégoé\ile%?t%% ?I (g)évi‘{r)% Jec §r§ ugl |y
decreaBes, &0e&48ONG L tilidmimarst m rgupply gnozebaditt il sasONThacdizdehar ge
(supply) ampynt ebsliRe rRRhali §OIRtaONEnaNdoat8Agt B8 dkichar g thswapl v)

time can be %Fcurately controlled by controlling these steps singly or in a

conbi nat i onWIERE AFScIMWARC FARSVY g SRtRsCEUGKt 2ne 2r8eOLOSEnd S he

gr dinate i ndiaﬁ?lt e&htehelaii&qhawyrélw mam@téﬁtthtFa am@?r tlrjemaahls.to tlhe
riving ti t o e_resis ol uti from.the nozzle 4

and the opgﬁgt% 35%?5?%1%%9%?(:?? e %Téo%%%t@%%g \%g_r &lggﬁﬁnz?d&rhel on, since

t he c&AtracEPsRYopEast iorFvMIte prtvess puRprey basdbeaditdmged by

control I'i ngpaRd taRaNGEHIH () ypd Fer I Ry apbanak oapasdvel thize welfenpi ng, not or
8h, the discharge.flow r.ate caﬂ be controllgd the TD1, T and TD3

, dir%n%
peri ods. Fof° SURRLY RETha?yR 35 PFORCr SOEVES U, A3
control | ed sespadidtvealhe tigohbtgendékbeohesaBeansd gracmgdisea noreased by
gradual Iy i §%ﬁ§j i of At i r 8h during
the TD1 per?%g, |éﬂ%é%¥ﬁ€%%i§%aﬁﬂﬁéh§§g§ﬁﬁgiphg%fz%fﬁﬁgﬁﬁg rEg{peged
const &Rt , dusicdy afe BN riRddreahdti §020tdPadBalfilp ded ddvet Py gradual | y
decreasi ng thedotplianalo speese tlut bngetBeutds  peidspbetiyeshown in FIG 3,
t he air-operatedT,aIve 8% (S turged onsin accordance wth thhgiégggrge
steps of the bell % %g’?oﬁﬁ ekapf' oﬁOBGFFﬁg a%& éué Oé?m ned time T
(e.g., 0.1 tid thrcsmomisiobyert shppéidtobet e adi scismlgent epsPREYt he

bel | ows pump, 89, sHftad Sopd NEnHLEL 88 NBUNR1SE 7% .turpnepﬂrcﬁér-]%a%rﬁ]ﬂ%ﬁ%digst

time to performa delay operation, so tfhat a pressure

sol ut i?8n thﬁﬂﬂﬁ?ﬁﬁ?ﬁrﬁ%?r%ﬁfYﬁ%tbélF8m§ SuSP 8E30 'K HEP STl B nozzl e 4
is reduced tsmgr ikd therehy peréorwi ng theradktepetiaiednt inidebef or e,
instability of th ' e resd st | ut4 on, .in e o the
OFF operati ocno%éarno%giiﬁrfnﬁ%a g%,sgggﬁ {%ﬁfle%r gg'%srtidseol @h )Q?F’%£ C%Fllagjéiea
accurat el y disctg greleset ytanke7bThe

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



- 35 setting of the drive tinmes (TD1, TD2, and TD3) of the bellows punp 8g,
and the ON-OFF operation of the airoperated valve 8d are automatically
.controlled by the - 10 operation of a conputer on the basis of a preset
program The inportance in the settingdgf_the drive tinmes (TD1, TD2, and
TD3) of the bellows punp 8g will be 5 scribed as follow. After the
di scharge flow rate of the resist solution is set so that a predeterm ned

amount of a eteuhad t i noLIN i i ar, , the
resi dual anggﬁgq§§E§§§gigbﬁ%%g%ﬁg%§£€@£gg'@% gtégéggagsb?Pgmﬁﬁgtgg?$D8). In
I )

uppl i €
ot her wor ds@t#8¢ e B R ithe Eﬁ%lﬂW§cHHW§eaPﬁoW BRbunt is
gradual | y deareasedlanetrigysd edi thh t bhas esapse, okntli BEstEhereiomtdhe

probl em t hat,, t t Ri. resLs il ecopes.thinner at the
peri pher al ggrgﬁgnﬁﬁgﬁgﬁgib?%gégg ngg%a%%%%wg% 58t3099§dﬁ'f59&trernately,
t he di 8char Yerei pardilatarlasi stheolnneond haypebercoft tbel e¢skdytt he

openi ng/ cl ogbng taRer atifi Windz ¥ i @bl g 9etfiseg(Rokoshownhprayged to the
resist solutio sueﬁhy nozzl e é. In addition, the resist solution B may be
suppl i ed noPT&EERGHe Yodl IBhsEPund B8g, “26%but Opredduri-fi A NEYas to the
resi st sol upreferaik Bl .d nrh hfsr caseg "t wefdrschadge .8 e of. & laen r esi st

solution B %?1(?1 %Sretcfgeqﬁ]%ylseg @ymﬁldjf?ﬁt gept .o atfg%.pr%is%lii%?d%eat@unt of

N2 gas. Accor yst em of i S embodr nment’, Ssince
consuiPt i onadrPvglofthiehed kameser sef uthenneanlbe isepuederacdit &fthat i on

inzi de the ahf)%%%@mhm&eiths%ﬁ@%@aéedfseh@svﬁaqﬁ%f,f ii@aL%H oe£l ean a cup,
(educe partiches L e Sub a0d, fefhce et actach o the target Ko be
invenpor, | Trwasycardse neche havzthe censeappilgn téued wets icft tdvel uteisirst
Setting of the arive thme(Tor R "ssany Foll Or A il IR ana
t he ségti ng tM& He NFTEF opet herBhtsr ofhéhgi fidpetdickneaiselsare
aut omat i cal Qeqraddd) | 2tk bynéheiopesallonas,otha ¢eFidtersautivn does
not reach the peripheral portion of the wafer. Here,
the smaller supply amount of resist solution depends on
the inner diameter of the nozzle and the pressure for
20 supplying the resist solution.
In the resist solution supply system having the
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 +2 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



- 11 basis of a preset program the respective settings can be

i ndependently arbitrarily corrected and changed. In addition, only the TD2
is arbitrarily corrected and changed, and a sequences can be new y added. 5
After the resist solution is discharged,fromthe supply nozzle 4, the suck
back val ve 8c provided to the resist solution supply systemdraws, in the
supply nozzle 4, the resist solution B remaining by surface tension on the

inner wal | ebnBheidnst.al Térd PordH0ryd 0 Sipphe) r esbshtSelfutinen rsaply

nozzl e 4. Thﬁﬁ_ef gge, SaO|dI Cél fsl cattleond of th I‘Efl dual , ;resi st.sol ytion can be
prevented. TRTPHEOPesPEY SIS iGIE SBPTYR 193 2f BUEPHD ¢ lﬁ‘iesc?r?é]rgjees a snal |
anmount  of the;negtgﬂys@qmﬁnnihﬁdVW&wp@mbrwbkisg Sbesei siteips momgily y drawn
in the 15 rggi §h SOIHHAMR SURR Y np&g!gbécws%htsﬁgggmt '30[13%‘%#% egative

pressure of the suck back valve 8c, air around i'stal e e nozzle
4 al soSis dPali™en (8¢ noAA% Hhe Lréiiate drdifatessithie soisahanes

attached ltomba (iia];tteal(’tﬁﬂ(t Q'Llfs tpﬁ]@bp‘:@iﬁi{jﬁpﬁleﬁbetﬁet anim»%Zj & e 20 t_herebxd/
causing clo of_t.he nozzle a. In ition, t er i s contam nate
by gener at i %%J %?‘epg’retli cqwre%s R %# et ¥or heEtBY aP&élg%roé’siégtqm arft t he yi el d
may be decr ag@gede 14n andddrha epatakichetabbng pfobhemaias cgeovatdd 25 FI G
4A, the thigkness of a portion 4b near the opening is nade |arger as
conpared to a dianegﬁgr f a nozzle ho%e 4a of the resist solution supply
nozzl 8%4. That isPt e HRTRpF1€eSCRLEFFEARN CReFHN ¥hd portion
4b and an i mher ted oo qaimp réxpezan daké phahged 8¢ eldtrwligid® dmd s
cylindrical i I rid orn i.n Fl 4B, _an_out er
flange 4c i Q@?\%ﬁ}ﬁl@?ﬁ}@?ﬁ%ﬁ?@%ﬁ %ﬁ%?’?ﬂ Oen(ifhpeoﬁ |e(ﬁPJbr?€trPloeéj%f)eni ng
of the resi $.séihg iBEANANIS | B2Besgans beo cpndreitled rdur avg nghar ound
the distal emd ofrghe dirztes $6rfodBon sdekeRagkild N @ldidi Hhmas§e shown in
FIG 4C, a | | -diamet er_ bent gortiﬁn 4d ext Edln% IqbﬁH{ teral Sshape is
formed at t e F3HC &t Bt YRR VeT LT ¥aFPRtrollesd Sug ‘%@ BY®indrical
portion of theatesigd Slodwtrabesuppgyadoaily AncHeasad kbharkadsapryf or ned
near the ce fe it t i d reky cprevant| i s
around the gﬁg?zﬁ%selr{gbep%ﬁi%ﬁe‘ﬁl?ﬁg@ngggﬁg gg E@eshowéé.&%lij@gé?m%ﬁe

t enper at ur e YA iGst g TRICHRAT 504 18ScBRPEi sONSEMper Arkeewrlngt Heat

sol ution surtp;lt)at?aidhﬁl Jépl@é@v(td@dt%ﬁtsdgwbl@d ttéﬂée E@Rﬂ?ﬁfid@, loam@r is |
ci rcunferences t.he solvent supply tube.7 and the resist, solution supply
t ube g? ci r &f Hqﬁ}%xﬁéﬁfﬁisﬁg cérﬁgVﬁﬁgyt%8%5%ﬁ§%§§nﬁ%ﬁeﬁ°%3—the t wo
ends of the tdamads mpekdgie ehper bhar ED&dpestiment sol ution supply path 11, a
circulating punp i d eagh ¢hrcul:ati dgihegno
nodul es 14, each}%%ﬁﬁgg¥%df?ok?ﬁé géu??& %ﬁ%tﬁ@gﬁﬁﬁ%ﬂ?;f?%ggp%§hgﬁz, for

keepi ng 15 F4EsEreR ke 26F058ARRE wdith: itde Siseharge cvhePanPtehPsrat ure
pure water) millowonsimptsgenmpatakepe. obhdusalnend grédovepgihbaough the

Sof venje suphlapd upe 7 and Bhe £est b saluilan B4OW fgthEgugh the resi st
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 8g
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 84 are automatically controlled by the



" 20 constant tenperature (e.g., about 23C) by the tenperature adjustnent
mechani sns 10 havi ng the above arrangenent. 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 betowlwrth reference to FIG 6, however,
they are preferably separately f or med. The spray head 5 is constituted by a
stainless 30 ste alun1nun1a | oy er U—shaped hol es whi ch

respecti vel YR HQQﬂ?§t§1 CYaRY erOEO SUPaEéFhQ 15 Br&€SfSrned in the
upper porti @roefranhe spray head 5. Each vertical through hole 5a extending

t hrough the Iomer gyrf @% &Qe PLa g @glﬁ |%ff% @e% qn th 35 bottom
portion of each ho r§%§% ¥ Bug ﬁ % % Ea co Pises an incl i neg -

m ddl e. porti(G15b msealm ahesd er 06e‘ébﬁe§ellép(j§r pyoEnwer & ildndaa | ower

| ar ge-dj amatd@scrltbé(? aspofélPth?Ctﬁﬁ'ﬂe‘rnﬂzﬁ%nahs{%ﬂ%@%@ 'ﬁd‘vﬂ}ﬂ’@&'cﬂ% thg 4
inner circu rentia ace o is | ower rtion en the nozzl es an
2" are mount GROF R S T REaR 55 nasingt: il 5oy S RS AGEERY t he
cylindricalamnwdmsaﬂ anprédatermmaedte@tbhrdughndngdiummuﬁtrmmmﬁ)5a to
oo LNe P AN GUeT PRL!LQOT A1 BRCLGSPRY e 4,

substantial I'y coni ca *hé |c Fest n and haV|ng
verti cal thrSo{Rﬂmh}ﬁﬁ e%ttfhrbggﬁfm/ﬁll@h’ tR&Eend 2P 3ds SIéh(PWQ:IarW@Sd%nd are 10

packedd n theidd rmi;'ﬂe@l b eldp ér@@ﬁtl foh% @ti,sc&ra&gtéﬂrﬁaﬁz neidheis {g having

vertical throu es throu d ﬂé t he .na r? an can extend are
threaded in % dd%‘ﬁﬁ? 8% 8ier S (?rptlllc? s tthet ﬂeacglsepr% stHESt he seal
menbers 16 djmrsfotde thelpueblemn@mahrﬁhﬁﬁﬁhnnkdﬁ$3|qﬂ e f aeessbf t he

i ddl e por ti o, Secbel higiRBECE: e RAAARS L ANb A Ase dEathg Ui ght |y

nounted on t Spr ay shown 1n 6, an"Oring 18 is I nterposed
bet ween trmaEﬁﬁﬁﬁs%h99a5%rﬁﬁte§éﬁ quﬂq;ﬁﬁﬁtlon 5b and the upper portion
of eaals seal menxItdbna28lyo that d\ﬁz&tcefaﬁg@fﬁm&ﬂ)ettmen‘eihetcgﬁlﬂur pat h

15 and the r ective,_nozzl d S; | di in 19
ext ends on tfr? cg)upr%)‘l:l gﬁr égg%oﬁl%ﬁ b§’ ray h ag‘lél /teéijboné:hp?drgejﬁ’gg\ﬁgwn
scanni ng ar a2 hotdi.agleheridlidiend fm’ch SI@WIB ) movedidsd the skanneagses

mechani sm 6 44 g A94 Xuﬁ[sgpl A@etque) 4 ancth daeerdd sl )i ressi 9pssolie spray
head 5, i.e.,, the solve ozzle 3 and the rghgst sol ution supply

nozzle 4 aretset RtToYI enﬁV%% 14 A 35 rths e bt i BABbBYe t he
centrado porthoh pfeshernafen Woantsa tmithengrqmisst solution tank 8b.

In this case, the discharge time of the resist solution
B can be controlled by adjustment of the pressurization
amount of N3 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



" 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

wai ting portion 20, and the resist solution supply 35 nozzles 4 of these
spray heads 5 communicate with tanks 1int*hich different resist solutions
are contai ned, respectlvely In this case, only the resist solution - 14

supply nozz provi ded ,to each spr head 5, and the, sol vent supply
nozzle 3 ma aﬁé nﬁén?eargﬁe?h€9ﬂ%ﬁép cﬁe?ﬂ%égﬁaﬁnFﬁgtaPﬁF6§aPn advance
to be connnbbylnée@ehdemwﬂytdnbﬁqr&wmhwadsrﬁecﬁedthednnhengadplumm 51ity

f I I
Of 3ol vent sHRBLYoROzEhey il arld neardyy th pnped candetbeasalents are

supplied fr orti ons irection of the
waf er. | n tBRangsse, @m&1@ﬂ%ﬁﬁUQﬂﬁ6%nC@mah@t@?@lbfaﬁé@@les are provided to

cope wsth differ gt oG &%@r&%ﬁ@%cﬁmﬁoangsca@sgadr @daggenditng t o

di sch fl t b b t troll f th
espoct i ve RUPBRs JoRE kondn 1P HNEr 14e oV bl B cBE peotafior dbimr | ses a

cy||ndr|calthateesu5$saOMuxrnnrsupm&mgsyﬁéemaﬁeaww hehdtbﬁ tsheoy n chuck
2, and an aRB%gir INN&H V85581 5 écéé@uQQéhtFBPan BR3hqt By acirface . of

the wafer w an havi'ng hori1 zont al _ pi ece 1d a_cyli drlc wall lc. An
exhaust porFepélQRUQQIﬁnﬁu¥ﬂﬁﬁ§xﬁéége°50FPeiﬂléFé pF@@l&&fﬁ%PQhe bottom
portlmo of bHEtQHtQ@5M§§N§01&t1$m expplgt npkpee2l commaﬁ3£bﬁé)a.suction
nmeans, not 0 nn Lo the exhaust port
| e, and a I|8 %?1 Qf é 2r$§l§2%%e5?e 3¢ % g%L9$n%?%ﬁ%charge
port |f. Aspslammm‘qad FI Gn Zth@ 1r¢$1$§ts§bﬂ,|tlit@nns§pp>lp}-yn@1p:ﬂ2é-@34 is provided

to a side 0%&%%H“ﬁ£§bﬁ£¥§£@25|Qn&@lthﬂguﬁﬁ BQS%%bOQé@ﬂ§£f§ﬁﬁﬁﬁéoﬁo the
spin chuck 2. The rinse sol ut nozzl e Zi S a SO prOV|ded to one

end portlonEbfWQQHnF TRthy |§ %ﬁgpérl§eP9F@§II Hhd*¥F voting the
ri nseisol ut |mmrprﬂq.unzczrh es@Bplyheopeiieng mmgc e mpeZ;ZEtrnem eaf stieom t he

process vesselyol 30, drddg, Qto§u£)ﬂ!aygpgkabaic?ls%5§. GO o § a{;dapayﬁas and

noves domnmar e ri-nse so ution supply nozz ti’'ng above to supply

the rinse sh® i &3l tand pefi pAerBPZEset foR1SP ﬂﬁeQE%%ﬂ T procedure
of formng agesicstsfid mbyidhe 35 enat iregiapPabalus diav nit tdehadove

arrangerent W lahs dessriPse MhEMAESLetenoed W ehateof Fi G 7.

20 thereby causing clogging of the nozzle 4. 1In addition,
the wafer W is contaminated by generation of particles
which are formed by dried resist, and the yield 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 4cC is
provided to the cylindrical distal end portion or the
opening of the resist solution supply nozzle 4 sc 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



- 15 A centering structure is provided to a wafer supporting arm (not
shown). By this neans, one wafer Wwhich is unl oaded and positioned froma
waf er .carrier is noved on the stationary spin chuck 2 by a convey 5 arm
(not shown), and held and supported by the spin. chuck 2 by vacuum suction
(prelininary positioning). In this statﬂanary state, the wafer Wis in a
still state (0O rnp) w thout rotation, is rotated at | ower speed (range

bet ween abo%& 21JJH%6 fhépfl iggrtlgboukof%§03%%8§ eed; L+ OOrpn) t han

nornmal rotation range en-a e g
rotational speady NGOOLe ph) dnhéngupkobég;kl g oer fanmed naar thec, e. g.

Tt hy o3 et o e B B A ey P eing St

Col U1 on 115 RSO ol e %S%ﬁi E8ft SOLH NS it TRAA He Wi thi n,
e.g., &5 sec fram tdieowol yenFISUPPl, Yy thez tleepR raftuide spreytrhead 5 cl arrped
by "t he scanning, ar 1 6a £6’ 9&«@9{3? %Q_ﬁ\é%rta;{ﬁlr e%{c{ﬁlstpm lad Oé‘%ff £i10g wafer W

by the 20 scanni ng necha 50l Vent s 9 f used
al ong the erupmlyupdtlee bl Ph@V\l\éEér e Sivd resHid dihwl fespectibveaf er by

rotating thesm @{Iy@@mﬁe{—@hcéboeﬁf %hteo sHL &8k s%o%aly 6. hS€s. aff hi gh
speed (rotational speed 0to S,000 rpm e.g.

L e bet we %&b&gout

4,000 rpm (HteFeSiSBUFPHYLE°8 SHEP o M&anﬁ)k&rae@sn%npa‘maba

vari atioon betamterhat ffigrend wafier sohevarddaticortian wwerages foFnthbi ckness),
th i h 0 t |

Lhe SPLD ehuels Zedoongl gl ofehQl A00UE BAQBAR fifle il O5388 %0 oV
1,500 rpnm) (2a%p bPh). aTﬁéF@Hi?é#“Qt@@@ﬂmhﬁ(HﬁR%@@?dst®r%¢@ha§iy rotated at

a hi gher SpQﬁﬂléEﬁE?epgth\@Qn ahautth%&(m e, 00 £ Préa&h Jeonhek@kHONAI
speed: 2,900 rp an_nor ot at.io speed 3

processi ng t©&° controf R Prl hF&%ﬁggg At %|£§”§é(f%he$%Fpg%FP?8ﬁ of the
waf er W (st ep dperatuté adjustment solution C (e.g., constant-

temperature pure water) at a constant temperature.
The solvent A flowing through the solvent supply
tube 7 and the resist solution B flowing through
the resist solution supply tube 8 can be kept at a

20 constant 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 5a
comprises an inclined middle portion 5b whose diameter
becomes larger downward, and a lower large-diameter



" The rotational speed of the wafer Wis reduced to 1,500 rpm This is
because it is assured by an experinent that unevenness of the resist filns
_occurs anmong the coated wafers Wwhen rotational speed is 5 not reduced,

and this unevenness is to be prevented. The rotational speed of the waf er W
is equal to the rotational speed (rotattdnal speed: 2,900 rpm during ,

resi st supply (to be descri bed below after the step, of suppressing the

average varj at his i.s hecause -10 ssured xperiment that
this rotat|885 g& |s%§f¥ﬁ:|R&Ff't%f%%?lf?eg?ﬁ@eghﬁgkﬁg§saﬂn%PmareS|st
film and thereﬂmé@manﬁkﬁkﬂﬂunﬁ@a$o@flthts bewenhpncédonwhewhene the) sec
have el apseﬂoh?%rege SRR % awn;l&ﬁté@'a&n{gé' ggkbgﬂ;qg% vj, n iy surface

.of the wafer efore the solvent Als drje is rotdted at
the rotati ohBP SPOY® iaF HANE FUERe: bER Geen AR8ELC21500243€3, 3560 fm e. g. ,
2,900 5pm ape inserceaf dHiheowpatiing shtohyAnhoted. sat kD Bdesid slaition B

are 20 supplled (dr fronlthe resik-st. solution suppl zzle 4 on
t he. central Bgrfloﬁggg“% ?n |?%1%%etﬁgsﬁﬁF§ﬁ YSu égg'mnt in 3.5 sec

(step 3). Thedt idne amaml@blyemnixwé gepédmeabelys Aist iasel & an

experi nment LN s3QvaRas.c RYs £XaqRd ehaw/ﬂhbevéet:%faqr %&%u%% ffdnges are
visually ch ?Fed n the surface of the surflace of the wafer w

is not criedPrQNEH WRIRN ?ﬁ%r?%?%%@é ?rﬁﬁéeé &F@ RF SR RT] he surface is
drledlother@HpHedmmnuﬁHémnmmMLméddmyddge borthionscade, darite tsuppdd tine for

3.5 sec is I t S ed into
the drive rllhnls%gjb%‘lljr?e Ktlg g?ﬁgﬁké?rl\?ggtg}l%%g%sar?&eﬁ%ued%rv?f\ﬁ/l l'(fijall tinme
TD3. By thi $har maﬂﬁiﬁﬁu3 Q%@ t ecpaceriendi pre thresdedfincydie steps) can
be Independwﬂe)édwrmw&é&dlo@@a gbets_@aalscamwétre@ tﬂkﬂaésﬁﬁtéttk@@' ution
can be, accuratel QH%e con gh Ihe %Ptatlonal eed of the
wafer in st&F gé?lﬂFéh S RAF LRSS i G S CHIT e P20 may be
set egdal t¢uaiIsmmﬁa¢¢ﬁupfhahe|m1§ﬁé@ portipns2.5bAt thi sthise, the supply
speed of the fsd,St @ﬁé%?@léedataaar Qt at-Lona gu%.%eecq.ﬂtl}h%a‘@iflﬁédare

preferably set in ‘consideration of rylng spee t he sol'ven{. The above
conditions & & SRFMAtRRAdi P-5 PIsPEEpedd FHC t e rkiirER¥utfon on
t he mafer\Mﬂd1ﬁdﬁEﬁbg@é@ Béeedeﬁfthheu$@bvemurﬁﬂtdfﬁﬂ ddneh rresddiefil m

havi ng a unif t n r I
sol ution. A@ g?%ﬁkﬁ%fgi egﬁg B?HE% ggfgghpp é%%?gggyg-ﬁém§§§re%urned
to t h@Owai t isey ot tW@heratquhtthessmb@ttwm mezprd:oumaaa\bhelswné

reduced to 2,300 dpha L PO 88K L 8L @n)antdo o ¥Rl &d tadQirdd. S€C (Step 4).
After coating process_Is finished in this manner, the sol vent suggly nozzl e

23 is noved aboveA-tlTﬁ%lﬁé?‘FpﬁéPalwe&@?eﬁjspm OtPR$e SRFEFCH °4nd a
sol vent for trk&&gbragz seppl sedtf one esiglg. 9wWheyeca tecahssogverandar enove a

residual g 80U thennglashe BIE AIPIAL RIS A, Hnl hecuhepal ol ®

t he rotatlona speed o ition, the
sol ver®S f or Whmi%m PsiBpKapaed fr drh%lb'@ﬂ&%l Bard g %ofz‘zﬁéte-ﬁétl)shom) to

the | ower SLH:i:?e@@tP&nEhetWéf ShorW t@laar@rqu tde, resé séosekyti enpallyached to
the |ower surface of Lhe vater Wi(step Rl dherehy §i00shing,thigccoating
P - selectlvely moved betweesn an operation position above
the central porticn 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 S 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



25 The coating apparatus having the above arrangenent according to the
present invention is singly used as a resist coating apparatus of the

. sem conductor wafer W and can be incorporated for use in a resist coating/
devel opi ng apparatus of the sem conductoy wafer W(to be 30 described

bel ow). The structure of the resist coatfng/ devel opi ng apparatus in which
the coating apparatus of the above enbodinent is incorporated wll be

descri bed bgh@g!l AR c3RAWN 4 rlézep@ov%.dé’d reg! é&cﬁoégﬂ:gg/ ﬁ%‘é@' @pi RG 35

apparatus a rlses a carrl station 30 at on urallty
four) of ca&8etFedvenrts SMRRIM 2.2y EelﬁPﬁgtﬁGnﬁgr 8@ §@ﬁ#€@nductor
waf ers W asend- of8th& @m&mmg\gaﬁnar@@t maﬂdban&auﬂbedel ﬁohxh@rﬂ@rrl er

station 30. An |I| Ry M 3 f g/u |n osi-tioning the
sen1conduct3r ma ﬁﬁﬂs g}of%) &P&ﬁ %ﬁe cent? ?% oF%Fg % élcarrler
statiof 30. lnvmynoér PO lV2E Fuppiovidedles beamvébrx@aartlyt hie-afemerchj _
portion of the keg %tol%%iﬂsmép@vﬁgﬁwsdaﬁ%hafau HQahn 11 udi nal

1
direction and to recel ve he sem conduct or waf er 30 fromt e au liary arm
33. The var t608S I8 Df qﬁwﬂﬁﬂﬁﬁ¥m%h5ﬁF§h€naPé dtep (%9@??N1tqﬂa§Wk53|des
of transfer ch&epatdh.sfﬂﬁretrhf Bt Year dba@telbr efpapzi2Qdsardns msodikse

processi NG WROhANS TR i HED S6t WBDELLATLe! 94 ool sl She el gegduct or

waf er W by bushi ressure eani ng eani ng

t he waPer Mﬁ@FQTQyﬂﬂ%%Qnﬂ¥§?Qﬁr%®téloaréaﬁénaﬁm@MFhﬁ:ﬂﬁﬁ#ﬁf%ﬁ# %he carrier
15 station %Qnrﬁdzdmm;ﬂ ciﬂ@cld@ﬁ@éoﬂtﬁﬁ dRkt $edbR A& PHAHI @y, di sposed and

two heating unit ace units are stac on the o 05|te
side of the tran qb‘?ﬁ% nﬁé rrélr %EFnPrgffs(?f V\ﬂ‘ﬁsﬁﬁ gerW%% cess
stations. 2@ @whﬂnﬁnmaﬁicﬁutee absselpnacgasnmaﬂdmngntheewaﬁ@Méélon
process um b fypredly APRN0BLGaL | ¥t BRA! LY ddhrsam canduc Sisupl g W

before a photoresi’s er wis_ provi roug
connedfi on WAL EERNethd R Eoblengotfitt Shrdace akgdwed %ﬁﬂér t#&d adhesi on

25 process WHdirglaa Hieatzogteni pidkh albea@hldSmOMﬂrﬁdrbﬂ:él ack®d 16.two
arrays each con5|st|qg t he t¥o he t|n uni.t.s €F s these gf és 41a and
3 it

41c.” Two redist® ’gbadlf gp%i;f)a 248s &qflc}ld qehep %t FSt
sol ution onpﬂuyxﬁaﬁ(ﬂﬂMﬁM@ObOhabmrpvw&n@n3©ﬁmhhﬂIaﬂgemhwﬁmgeh ba-t he

opposi te si gg ngﬁil?s@te%‘ bagzintbindthed e adhanlonpricsss, usly. 4la, and

the like to'interpose the transfer path of the main arm 42. An exposi ng
unit (@Pot SHEW%UW(ﬁu@pr%?FQSQOBPédeﬂérHQQ&?Qﬁ?ﬁcﬁﬁuﬁgﬁrﬁéBa?ﬁE resi st
film and thsott kee ar&ndr® liquid discharge pipe 22 is connected to

the liquid discharge port 1lf.
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.



- 35 vided sideways the resist coating apparatus 41d. In the resist

coati ng/ devel opi ng apparatus havi ng the above arrangenent, an unprocessed

. wafer Wto be 19 coated is picked up fromthe wafer carrier 32 by the
auxiliary arm 33 of a | oadi ng/ unl oadi ng gechanisnl and the wafer Won the

auxiliary arm 33 is held and conveyed by’the main arm 42 sequentially to

the process 5 nechani sns 4la to 4l1e, and properly processed. The processed

wafer wis Conveke%%éﬂ%ﬁzé%%%?ﬁe?ggg%v% aStQr ed JaF he paf er

carrier 32 by the au I ar _conpleting the processing

oper ati on oPOorHdnNfafadi™ WA ShRVHet | ofE BOHP B§2REVI F§ea “RdtesT “bunp

arr angement whasHaen (desedd & dand NpvbieNofefr EdohebNwBe ramdstied the
resist solution B in the resist, solution tank,is,sypplied to the wafer W by
supply sol UEFOMS5Et 417 o By® EXBLNRFbH ARATCORIFECE OF &1 TR Bol I ows

t hroughs t he atm haldt ssrewm Bk and vealByathblesspeppited Mt adheBlspiHowever, a

di aphragm i f .Lthe b : ddjtJson,..& A4 near notor
may be useg%%lor iuzfle rl‘{/?%rt;&\%gng%%{ibﬁgt Zggggﬁmtlhgrgtgﬁ%lﬁ%onﬁ% )n and a belt
drive may b&rudddis Sttaiionprnestahif. efbet WokeE #i is20 s Tkl

el ectrical | ytea rad | #mg) adi BhoutykbRdehoRBY ohe i4sebtaldi et Mower
tenperatures _of ihe solvent, and thg r%3|%b %olﬁtlgﬁbare controlledtby t he
t enper at ur e SRt S FeRRERFEM 16°UFhe PhitCknedd U di S i%rF of P35t he
resi stLofi | mtdaandle speiededl , A8eopUi n§hes nhemednueitdtdedaldrapdadk, by a
change in cooldfyh tEORELEY UsBout e, EBY th fii B higrknessy i s i at the

central portion 0of the ﬁroce55|ng farget and is thick at”the perj pheral

portion of tHEMHocERePhy £argBt RRen M Fd "o ALTEITRBEPerdlter +s high.
However, accos i ngedp ébgs, sgsbesethatstidpe Inesi Sursiolgitewrbe Sosappl i ed

That the. uniTorm TRERERGee br Ot RS PRorarti m aar it I heirBani fe of &
changd S n codiNhy 2enpeeasaluensdsA| pfaddiat icostiounvamiuorear| §S the
t hi ckness O%dﬁﬁiiéﬁi§éré%hgﬂbSohhkﬁéﬂtédﬁéﬂxﬂﬁrﬁﬂeFWHfé@”s@fféBé
processing twair@r?itn ?ng.clg.s, OI.%kng: tj_J;':%nPecrhlephseorlavlerptorstdggl}g)fngggle 3
of the spray head 5 clamped by the scanning arm 6a to be
moved above the central portion of the wafer W by the
20 scanning mechanism 6 (step la).
Then, the solvent A is diffused along the entire
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).
buring 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 2Db).



- - 20 processing target when the tenperature inside the processing vessel
is high, simlar to the change in cooling tenperature. However, according
. tothis systemthat the resist solution is supplied after the solvent is

coated, 5 the present inventor confirnms i.n an experinment that the uniform
thi ckness of the resist filmcan be obt:f red despite of a change in

tenperature inside the processing vessel. In the above enbodi nent, the

arrangenent t hat e I t ?FEP Y, i (o]# i e spray head

5 integrallx mﬁtﬁhghé%gﬁggﬁé%ﬁbz e<% %ggg%%gﬁggégcéi%g§9e$ﬂg%§rrangenent,
a

however, istaot.BPRi @ -t o HHiSs isarkeedeseolvehs 38pprednbyzR8 3 may be
provi ded i ngggeakhgn thatheiddvisth st UbF otnsUPREYsROZZNAs23clcRrsuppl y the
15 sol vent as sho in FILGS %H%%%%%Q- I n thig Exangies tgﬁ .
common. t enp8F8PEr & &d[FeS N tY nf s#9® FQTAFspBeEdSPReFhd Ssupply path
of thessol vant aedued ,suppl yeipg hhoévéheesesist teobet parvehltedspray head 5
and the scappLn rLm. f C i =pechant.s re integrally
forned, a tgﬁSeggﬁﬁﬁgﬁﬁﬁaﬁéééﬁﬁ %%PE??O%QE%EpPyanghgfga%fg %%ned in the
spray head 50&adichalsE&@afichg et honahdspaedsolRveRL F@PP| WULiRS 7 and the

resi st sol utieen ssURRIppIIUDE R 138 e3dieposed ba1bhiS agurR Y heatdtekPa, so that

the sane 25 tenperature adjustnent solution g.can.aq%$§t.thgktgﬂh$eratures
of the sol v8it SAPRIESHEY e513t2 CoF AP Poh®BL 2By Ofhi s “ArtangemSiite The

structlore ofitt ie teepereat e zujespaeanenbchanitswhis catate giadplified, and
the tenpera%%%%%(ﬂétéﬁ?éﬁ%ﬁ%ﬁ“té\§@Qb&ﬂ§zée§h§tEﬁqu'é§§ &F Gk 30 be kept

equal to each other. The arrangenment and structure of the spray head 5 and
t he nozzIesréﬁéﬁﬁﬁf%%mﬁt%ﬁﬁtEP?h%fgﬁﬁgévéxﬁﬁﬁpé}%%ﬂ?%QQE%%f%%lﬁ%ad 5 and

the nozzl es emmpreedl sposed, as shown in FIGS. 11 to 13. 35 In the exanple
shoun in FIG 1lydhie golvent supphy mozzlesdq 3 disposadcopxigldy with

the resist solution supply ndzz aroun outer circunference of the
- 21 1Suppl g meAMentd ik iesfermed| oni dhessppifpar oA &he amfehe sol vent

supply nozzl@ekHansind We) fefOUR| €sPERE 8T UGHY & Y W hios distate@nd of
the solvent SURRIY MOZH £,3.PXE5048 FOMMR €l Q LT NEL, tBd, L e distal

2,500 and 3,500 rpm, e.g., 2,900 rpm, and 1.5 cc of
the coating solution, e.g., the resist solution B are

20 supplied (dropped) from the resist solution supply
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. 1In 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 TDIl,
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



5 end of the resist solution supply nozzle 4. As a.matter of course, the
distal end of the solvent supply nozzle 3 may be at the sane | evel as that
. of the distal end of the supply nozzle 4, or the farner may be shorter.

Al ternatively, the resist solution supplz nozzle 4 may 10 be di sposed
outside the solvent supply nozzle 3 hown in FIG 12, a nechani smthat
the resist solution supply nozzle 4 and the. solvent supply nozzle 3 are

pl aced side by d n o] t 6 e n I, ymmonl y
used may bezénp gygélglg igi ﬁ%&% 1ﬁ&é$%i98%85 %? gﬁ§t9%§1%§ géﬂgﬁe sol vent
suppl y nozztéos §d|&ﬂ%tﬁﬁtﬂﬁﬂQﬁ§1m§B%$@eﬁf theanagsnupae ®¥lerent st or age

tank 62 forgedalyl @t he Sdﬁreé/ld@@éitiSo@ndfheyymﬁgaepeeel Rlf pHd 61 at the

t d_the distal_end of t t t | 4 is 20
posi 1 bnod SPIVRESippd i sh THAT B ORS FARkC8E L8 BYi0de A di stal end

of thesnozzlfesdonn spegasidi ethsof eebhst asabspheneonl mhehiws frreenneirth si nce t he
distal end af,t T@Herlyﬁgl %g_%afdlp&fyt tﬁ&@vénts Qbsﬁ?l%‘%d tie G QW 6F11m

circunference o end o e resi st 25 solution supply nozzle 4,
the resist AeVadKed ttm:tﬁferme%ms@keemt F8R BEpprymesz Aine 24 i be cl eaned

by the solvgmbudﬁubﬂrgggﬁgtsgog@tyéhon can be prevented fron1dry|ng,
t hereby preventi eraH%on of the r 30 A

ic by dr
nozzl e nmechani sm ?f ﬁﬁ SESU|§§bF§595 %ﬁﬁﬁ¥tqﬁﬁz b%d§
whi ch 1@ coaﬁaﬂyﬁﬁddnh@'tmEaniblngdpdae§ln0L leade theadigiked i kenshape, but a

rect angul ar , | ass<S e+used I O yst al
g?aét%goﬁ dFafef'R ?| HQ%M:@B t'é od fey 1ord | &L

di splay app a coating I mis formed on this substrate. In
this exanpléOWQQ%QRﬂ\Eﬁur%E%EPylﬁo§?Fel§ §§Cd|§§§§e&aﬂtnﬁfﬁﬁé out er
ci rcunf er enewaafiddeprasse s sslﬁinmehedpphytmasﬂmanhemuutnémsolveﬁﬁ

distal end qf &Qg,qggg%fé %gslgrﬂggpgd %%g% #kﬂiégsup |edg cfour) of

portions in fﬁ)s exa t'he s to the four
porti éfs at A iheot i e W@éﬁérﬁbl@ﬂdtﬁe§@hMﬁﬂﬁﬂﬁﬁrrﬁ9§1%§ 88 are 5

dlzp?se? t%, r¥g§N@b%heef ur gobngF% el @@ﬁ§3§ﬂfﬂ5ﬂ$§g@ﬁ@b@ratoda gl ass
substrate respective sol.vent is suppli 0 the correspandi ng
posi tions orf ¥R hgors ¥ Flﬁ@%uﬁﬁPﬁ PEs éh??ﬂ%ﬂ%ﬁr€+ ?hg “substrate
G at the sammé|WEfetrwthwelmannee re&aﬁﬂdhaM)sguednmﬂttmeewaﬁer W
rectangul ar, i f e | ve d ertain

degr ee. nﬁ? é? %ﬂe ?Eoéggf fgbhﬁﬁﬁlgﬂfg§|§¥H$ %ég€%$? gegdescrlbed
with raf ererrcﬁi-aSJtS)t ekpesPHRHES. TERPed MERK FlERFgg xenple, (not

met hyl met hoxypsep] 088t ehé MvBlielrS sUsEFR RS of SNy ey @Antoardnsokar ge

amount IS(M%égr@gggst 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



~in accordance with a degree of unevenness (the upper surface of a wafer or
a filmformed on the wafer is flat or uneven or has ,a stepped portion). In
. general, 20 the discharge anobunt for an uneven surface is set larger than
that for a flat surface. For exanple, the discharge anmount for the uneven
surface is 0.7 cc, and the discharge anb¥nt for the flat surface is 0.9 cc.
25 In this exanple 0.7 cc of the solvent were dropped on the central

portion of th rotating fer..w at a
rotational ép € Fgﬁﬁﬁgél%gﬁgit re%ywaﬁgéégdngﬁ %éesgkggﬁ$@é%%ﬁ t he
waf er Win thencidOounfey émiialiany eatnod3 fﬁrthpsdsogfumémaﬂgngeﬂmd 0.9 cc
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before the Solvyent A on th fer Wwas drie sec after drgfplng

the sol vent SRATFRE RO SO A LtHH B2HAESHr BhPEG RNIELe t N idy GRS
(d|scharge)atem@muuidd&eﬂdnbélmmmmDSQeaﬂstBE ebnthelwalcert wrdwi righeand

after dropp| r L re.sho in.FlG..15,. The
ordinate in E%ég% %4%%#%% &Qf@gfggeggﬁgk ?F%IEQ WQ’aH%ﬁQQﬁF dJ:"23
range) betwa&d dhﬁﬁﬂﬁﬂoﬁ|4ﬁﬁpﬁﬁt¥%ﬁeha@|h@easﬁmxc@@@wmeﬂuwﬁﬁaréﬁd a
resist fil mpendt itof @uﬂgl@ryl@trﬁuahthl @h@esémau@ i AD SOt SedePE esent s

the rotational ,speed of the waf er %Y Aﬁ ? gppare t fro FIG. 15, the
thi ckness vARCRATRTS et WA TEM Git hRR EHE FeSBSe@ve TRTDIR MG ti mes Lo
be asidnal | paths0 X drhd essimharms he2di sMbaeg@atrltrdefaraly;esasttMelt| on B
was 2.5 Secg%@:etgg%.r(#’t ék?é‘ﬁisrﬁgeeg Bg:ugﬂeg rbfwvﬁsf 1 900 @éﬂlﬁgtl onal

di scharge 1 e resi st solution .0 sec and t e rot
speed of théﬂ\ﬁafs@r‘“l\ﬂ%%‘tgéo‘*’?ﬁﬁf WhE?YdeS‘éﬁl&P@e G dHigherressere

solution B was Jcl(é&eﬁn@ﬂﬂniheuﬁt ﬁblro&aleame@d tofe tdwfdﬁfwerN\B@h4 500
rpm and the dischar _EI nme or S gg ?— tson Bdéva he egnagngS t he
rotational $PEEF V- the WAT BF mFﬁgsp G pm= 15 R éhé% the" Feshst
fllnslﬁorne¢ﬁﬁtndﬁa3@ﬁ$£@eweﬂeduhwbod@wel@@@mq;Wthﬁt4ﬁ% axperinent, it
is found thafs @ fidyy f@yéﬁasaduahaovc%t We%'t'l\%x\?;s Lﬁartsb%f@ra@jia@an@ror)erl y
sel ecting the rotational, speed % ge waf er I n gccordance m%th t he

di schar ge titf eI he M EEF s?rgoF BEERY PRe thE é’tHHﬁ’r?s‘% %eRh

di schar ge Utﬁanﬁﬂﬁrrpﬂﬂmloﬁathepmedn &lch th&ﬂﬂdﬁﬂwﬁgnhfiemweaae i s shown
in FIG 16. ripent 1. the resist solution B had the 25 di scharge

anount of 0. me &r°"Tt is found that the sane effect as described
above 2®an be obt épfhe*élh%%hd?h@fdiiééh&rb@é'eaﬁmeiﬁ nern2 58S sBfution-B i s

set to 0.5 tyredi s pPécaskl ahisurhaceanthyh b PidaLly f fEeatshgpped
surface. 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



- 30 Experinment 2 For exanple, ethyl cellosolve acetate (ECA) or

met hyl met hoxypr opi onate (MW) is used as a solvent A and a discharge
_anmount is determined in accordance with a degree of unevenness. In using
ECA, 0.2 cc of the 35 solvent are drqppg? on a flat surface, and 0.3 cc of
the solvent are dropped on an uneven sutface. In using' MW, 0.4 cc of the

sol vent are dropped on a flat - 24 surface, and 0.5 cc of t he sol vent
are droppedceatan YReYARKEH f@;pefrdrﬁl £he Swgféypésrr&e% %9' &Bttl’é was
dropped on the ﬁentral ortlon of surface of fer wb while
rotating t h8%e éFrﬁlft”b%@ﬁ%ﬁ|?ﬁ%ﬁa§b%%ﬁu%%°id696 WﬁﬁFaPH§bey di ffusing

the sol vent aaldonget heafisaf ev am ithd heupelipher akmdasesti deld midicorn-otating

state, 0.2 3 t, S0 e dr e e centra
portion of tR]h Byea fbglc @éebﬁhelr HZ %s?)l %%ﬁ‘#gﬁtfﬁﬁﬁ tge%\%%f g)rr%vr?\; V\%S dried,
i.e., 2 sechglhenispiliy t’ECP1e‘Ms,‘%)J vard Proghelyesroressidt. off® o dr opped
whil e the dl&:@@@lerag vxaiie&charw)cémmyéadbyh@néOﬁna&hoa%lm St@e%%%ﬂf tdyeq waf er

W duri ng and aft c an Resylts are shown in
FlG 17 150 B TRt (7 ohs EFE: 337071 ROS: RERIdSE Sy FTar s

becane-niniWanmuyndbmﬁketfm@etmevprdceppnng bbaeatliorhe Astisgaddfeas 50A
or |l ess whep, the discharge tine of a resist solution B was 2.5 sec and the
rotational speed of the wafer w was 2,000 rpm the discharge 20 time of the
resi s&0sol uti on BhfePelpwecPwiel 8Gechpiagi snabtoyeeime atrangdReniv was

3, ?0? rlomI e gjeﬁzhﬁ]@%ﬁ%m@dwlﬁh@n&eﬁl st psab@ttlg%l%é&aasan;lo&n@ecffand ]Ehe
rotatl ona eed o e er an e al rge Ine O :
the resi st 3 St B Vi ﬁFtP% %HE% 5&8 Fﬁgn%8t§P18% %€¥§<o¥ t he waf er
- Wwas 6, 000 syppllstyi ey tfht@nwfnes Expgr snpply splmﬁomumamlcanfbym

having a umef@anstlmrpmﬁﬁsc&ﬁﬂrgétiehn%@ BYePHRAEIHWS S&lf&x%mguwe

rotational 3@53— of the mﬁ% wWin agg dance with the disc e tinme of
the résist 3¢ 35 . 8K g KER f PYmERGt AtERR1Bgp &R EN -  HE %%Y%Ent Ais
dr opped on tahel isapHreeogn ofiag heewased Yhstbedwafferche itelladvad ed B a

pr edet er m n:a;qac{%.a&égongllfgggg rggtog a% ggo %e@\ﬁé% nci#eaﬁs]esllvent Ais

di f fused ov ITé u suar e of resi st

sol uti on B|ﬂ9%ﬁ@ﬁﬂﬁﬂ{ﬂ§¢%ﬁﬂtﬁ§ ﬁhﬁeﬁtﬁppnné ﬁKédEbeﬁﬂvheﬂ gdbtint (0.6 to
0.9 cc for @ri&e Wd\Prbe A6le@.2 §0111 further, an electronic air

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



- 25 0.3 for a 6" wafer) for a predetermned period of tinme (0.7 to 2.5
sec for an 8" wafer, and 1.0 to 2.5 sec for a 6" wafer) in accordance with
. the size of the wafer before the solvent Ais dried. In addition, the wafer
W5 is rotated at a predeterm ned rotatbenal speed (5,000 to 1,000 rpm for
an 8" wafer, and 6,000 to 2,000 rpmfor~a 6" wafer). Therefore, the resist
filmbhaving a unlforn1th|ckness can be formed on the surface of the wafer.

I'n addition r@&e%rgmj t@rd@@'@k&e&oﬂo}é' Qamﬁé‘égtﬁ%@ hesl@edegiegned. This is
estimated that sinc e resist solutio used to follow drying of

the sol vent C&S§ dfﬁ%?%uﬁéw&%ggndsHWF#EEegOfFBﬁ\Fﬁénéﬁhﬂﬁmcﬂﬁﬁ% dn of
t he waf er Wtbmgénauﬂra[ﬂuHGWeedge pocbirdningi te. thiilke skedjest tIodtittlon B

reaches a p AN ﬂ?ﬁg! ly.b o] nt f|In1 raduaII ryi ng
fromthe ce%t% por |onq%$ ¥%e§%§é %era?%egg%%%ortlon |es) '%égsolvent
A and Bhe r&disstpresiant oinBrebar a@@nifmrmsmnf enmergeird maintth @wd the

vet t abi ity ,nQtfeim Gaqaiéxftgeggp@faﬁuée%ewllslt l@@l@he%%rd ed Mddy 204 ref erence

to FIGS. 18 to T sane referen nuneral s as i ap aratus in FIGS.
1 and 2 den§F§F§35§‘%ﬁt?eﬁh§n9ﬁel§a MR&ErEsUr R ﬂﬁélgﬁhgﬁﬁb $R1R%s, and
a detail ed desedlption thereof will be omtted. The apparatus shown in FIG

18 1 constitut ed sugf, 25,193t fHEaLAShY! &8R! 109 ot Scpet foged in a

sol vent A at nosphere reasaon, process has seal ed
structl@re, &edvenfatSHRRIVNNAEABSpRers éprmﬁé dal et ﬂpﬁQYc%ﬁﬁﬁliuted

i nsi de the &eﬁﬂe@iﬂmasﬁtneﬁﬁél skpp3¢ FoezTRi n PR ivdePfadder ppasess
vessel 1 is nstltuted an outer vessel 0 .an uﬂger vessel 31, and a

cover nenmbert 'ﬁﬁP%%B € suPPEEKGERg ol o&%ﬂlq 15es3Rf 30
surrounds a tied esolNannﬂ sappler hozaLlIey 3mmaty b&@nmxue:‘red/eﬁseégsélly

constltutesd{gﬁkgﬁéoﬂﬁﬁgé §§lEtQBP g&gggdg%%¥%\6%*%§ §$@§¥ﬁter vessel

menber 32 . caovering the opening portion o
30. L1526 SrHe/<dit e?SveRswn 3p Eéﬁ§r|§e§ &M+ ndrical outer vessel main

body 30a surroundmgtmbg m&mplw o ha Wnﬂwdhhbtféfn rafdra £33 Lstneasal
rova's vl b bl e 16 Bhouie tesrd L b Wbt a8t cal 1y
movi ng ar m (Swtvetiowsd wkha SéPpéUtHﬁihiﬂf(hh&ﬂr&&xs@ISQbmhlﬁbdy 30a.
The spray head 5 and the scanning arm 6a of the scanning
20 mechanism 6 are integrelly formed, a temperature adjust-
ment solution supply path 10a is formed in the spray
head 5 and the scanning arm 6a, and the solvent
supply tube 7 and the resist solution supply tube 8
are disposed in this supply path 10a, so that the same
25 temperature adjustment solution C can adjust the tem-
peratures of the solvent A and the resist soiution 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



" Acylindrical wall 31b extends on the upper surface of a bottom portion 3la
in the inner vessel 31. The 10 bottom portion 3la is preferably inclined

. outward so as to exhaust a waste solution. A doughnut-like rotary nenber

3le is disposed to be rotatable in a hoahzgntal pl ane at the upper end of
the cylindrical wall 31b through a beari'fig 31d, and connected to the spin
chuck 2 15 to be rotated. An annul ar solvent reservoir channel 31f whose

upper surfacg,d §Hﬁ%hé§ef9rneghétrEQ@sEe%oﬁ Qﬁni%%?b%?”ﬁéé%ﬁ of4the

rotary nenber , and_t he sol vent IS store | vent reservoir
channel 31f.2 Eﬂ?rﬁﬁr%%? v%PPP%&Inﬂé?ﬂeS@gQQ@ﬁéﬂiyﬁﬁwﬁwﬁﬁ%Ph%d@%P?he 20
sol vent resestvnictwha@nnend 3theotiikhelr ehdr y MmmersAheantnsugppyural ity of
comuni cat i s, 3 i th an exhaust rt le.,and.a liquid
di schar ge p(@).rptfé)ér)];e£ a? %Jﬁq*egﬁgguegogg%tairon ejef Sted alﬁsn%fg%ke? %b%??lrons of
the veriicalendl¢f ulge pesThs deﬂr‘etlllolnes@@péry merdzElre 32. coprasesther

rotating shaf é’@@r§espeneeélexa§ suapendive asrdm\?égfb h Robs '?9 32b
to be rotatable in a_horizontal _pl ane. cover arr ti
contacts thé“?%t%?yaﬁeﬁéerngé %ﬁV&&gﬁsa@Q%Q g 0-ring,

provi ded 30 tlmet#r.epphpenozzneunf epenttinal fi‘dtrrrfeagceneqf ﬂéleskﬁk@?ﬂef\g at the
| ower pOFtIﬁQ} %Pné@i? 8% %%%E%t a %%%§e$§§ fgﬁgﬁgfiéd efined, and

the rotatio orce herotary me t g2 Yhe cover
menberl B2. TPR @b@@@sﬁ@nﬁetSBQer§h¢eﬁnhﬂﬂd§/Snn@iyknmztkeBE suspendi ng arm

32a which is vertigakhywAOYRAFRY a1ver td Grldna 0uH ngLsBCchRei sak( 8et Shown)7

A sol vent su nozzl e a resist sol on supply nozzle 4 a
provi ded to %@igB%%PaBFBP}¥QEPﬁ§#%M%I?WQNghﬁnﬂﬁl%%%%e$U%E YTﬁ@zﬁiszes 3

and ~ respectdi@epyacednettiedblyo sadegl werd ssupplyl piathoB8 aodfarr eriese
supply path g6, echsexbepiohliougnd faﬁ}r Yalddg shagh! 32¢ and are

rotatably 5 connected to a sol ndya resi st solution supply
tube a¥® nounted #% FH@WBOQ§rFF@WbéﬁrSZﬁQ)QﬁﬁﬁQﬁeﬁ%ﬁl@ftﬁéﬁeﬁpiﬁenFn t he

coati ng appas@ppSyhﬁwaget I3elabqvleea;rtreamgmwtthey\hemw@tStheﬁt aAnus
stored in thfa oé ? %F rlO VOI, I er 32 is

# and.%
cl osed, the sdfvén SgﬁgFaFg& %ﬁp ?§@; St uT AT T ON Bﬁﬁnggﬁgye 5% he
sol vent A cah @@drbaPnzedanngmééeﬁhexBﬂtHﬁbsﬂtsmbeeceﬁter t bedptbeess

chanber. In ghigaat Eﬁapé?f €hed rleBSisH sfdldﬂl&fgﬁﬁg%ﬁ OHOEQQeWQf ¢k according
to the above 15 net o%\ More specificall he so I'S ropped on the

wafer #Pto fBPR-BiPNPMH 6F tRE §@9ﬁﬁuP9$§ﬂP4rﬁﬁ%&@%rtﬂﬁmﬁﬁpg ke tencl osed
space 35 is ékpbed %héhdhb&aﬂa&mﬁﬁ&ﬁ@'6ﬁﬂ\ﬁﬁﬁzfe Beigre gheigsakdent A is

0o PRI BB SR AT L AR

ternrned rota i ona spee m-ned rrod of tine
in a predet ePRfined éﬁﬁuﬁPlW§§Qn$qRP3xw¢@4hkerési%tdﬁspﬁﬁéﬁ Bffe ther f ace of

the wafer. 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. In this example, the solvent
supply nozzle 3 is disposed along the outer circum-
ference of the resist solution supply nozzle 4, and the



" Since the coating process can be perforned in the sol vent atnosphere using
this apparatus, drying of the 25 solvent after coating can be suppressed,
. and uniformty of the filmthickness can be further achieved. In the above
description, the solvent reservoir chanpgl _31f is provided on the rotary
menber 31le of the inner vessel 31, and t he solvent Ais stored in this 30
channel 31f, so that the saturation atnosphere of the solvent is realized
i nside the m@medazﬁd)aﬁe Bhe hbwever 3 tike bgbhdeiedr thﬁb rotplural ey t o

this. For exanple 3 g{g§£ én?gngn flhh% iglve%%1§R ghschaggg frontthe

sol vent sup Iyghozz tor rZzé thé so vent ere inside’ the
encl osed spdde 3% 1went hes nFeppotfedhéos dheedioum psattcns @t sthee is

introduced to,{dex gre! 03ﬁ9e§8§881§5 ttale@e b doh R Add Lled P&, a0 realize
- 28 the solvent atnopsphere insi ﬁ%@e encl osed space_35. The apparatus
c h

shown i FI Gisresed cB‘Pns‘E?FEFEHOQ FOHhETEGTT Foathor FEtHoS-Ps
per f or ned lnsjanilea:h_uced pretapgsesabsnspler &, E@spdumvee:laspn Thée process 5

vessel 1 has a,%egsséuﬁg F(éet?gqh% P:Oecsr t%;oogﬁg cglanber is

reduced to &% erm ne Srmre: hIS r educed
pressure atdﬂyphtxegoﬂﬁb appaﬁawe§hSHGWWQQ¢Iﬂqathﬁ)¢%ﬂ%%bs@ﬁnthally the 10

iﬁgﬁﬂg}opgrl ?ta%%géeetcsaewahensgﬁe tll%eexcq:ﬁt i ddense) vewanreﬁer?/o' rd
S no oV : i s ressure in ncl ose
space 95 canthR § B§£EGL?015 ﬁF&% %iéﬁiﬁ§ {b ? by a
vacuum punp &&n ' lcennedéedntidoam e)ohausierpha]m Zﬂeg:mmect ed 15 to the exhaust
port | e t hrough tﬁgaﬁ?ﬂgynb%akhgnm q&k@ﬁgkffgﬂ@ﬁag QP§%{%£aEXl nber 3le.

The coating net ppar at us shown asically the
same as the vabbbebeeﬁeﬁeﬁéae@ew eefeptendmit e X ReRYBPREFe differs from

the above 20mggbyentnat nosphere, and a detailed description thereof will be
AR IR TR i M L R T e
resi st solutasnaBsolvent A, and a discharge 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. In 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



~ 25 dropped on the wafer wis prevented fromscattering and attachi ng again
to the inner surface of the process vessel, thereby preventing

. contam nation of the wafer w by particles and a decrease in yield. In
addition to prevention of a resist partigle fromattaching to the 30 inner
surface of the process vessel, according to the present invention, since a
smal | anmount of resist solution is used, maintenance and inspection for the
vessel are naindd yresconsai 80ro4i 60AkING ARRRNA U AV LA phiral ity (e.
g., 35 three . in this enb dlnent¥% of  resi St solution suppbé_npzzles 3 are
provi ded t o WGRRESTedRF s2WFEFLBE dddBr PREF LRt Raveingt eénd®t R " GS. 20 and
21. - 29 tAsicstroyes | nafd Geh2labkaussrozzpeesantd idteartot 4t sposed at the
di stal end portion ef e gated spray head 5 whose proximal end portion
IS pivotallfﬂﬁﬁﬁﬁf%g %%QaW§%§giﬁg 111 to be rotatabl e about a 5 scanning
mechanissm 6 i n a A®r¢aonbal appanenitn fxodi Fd6t.i A% i idicdteichyesn arrow. All

the four nozgl a@I@n@B@gaﬁxggﬁﬁﬁanuw NS @h‘@ﬁ%%é’éti\ﬂ@ 396@%{? ad S.

The first nozzle 3 1s for supp zlng a solvent, an er three n S 4a,
4b, and 4c aFE"$DrEQUPPI FFnFTELE BP0 10 A4 ARS OfVheRsi Khe sdi BERBASSUNder
an A:\ID/ OR C|0tlfl:{:|'i1éi@fl. al pethis eabadiimants waie {].Qs;wd i a1€d r €8é stosakl uti on |
supply nozzles 4 nd -4 r n t.hr Si sol ULi upply
mechani snms t%l%%g?lr egg%%gi %5 '?’g%kgai n r\?\h%{:(kz'%%t He W&eérghtéﬁle n%%gé#lgrgg%i st
sol utildhs arelm®noisthai rediféneCilatid Bb FEarksorde Gotet i and sbippl yoRBchani sm
are representeshad £p&d208F. the tiirsaRparad us,sdll ffgrentnki adscabrgeating
filnms can be forneﬂbghthout,exchaqg%pg theG%Pray head 5. %n f he aggaratus
accordi ng totihe @ BnERE 1SkoR? 13490 A &§S 2o Arte212nghEnPeEPSR™

sol ution supplynabzzpesdané Itheearfiedivsposed: , Hoveyen, &hé aheangenent is
not i i ted §osLhhsqoForexamle Lhe 1022l on, iy, e dhspgssdgn Lhe

ci rcunf erencé usin he sol vent sugf y nozzI'e @s 'a cen ron, the
sol ventS supptie 26onazipaal sp¢echetr ddistwaiputW onasuppPPOns2@l-es Ifeed not

36 Ergv: ded {niggeakkby kRet hesspray el ordedd SxapRbevadsrkndegat ed by a
asnhe I ne 1 n,

dashed L0 4 EL 2oy i05 20 PRl QYR DOFELS. S TRY B gmigho e riant
resist sol uttbatsappiymnbzrliey 4a ud fermarehisletyss Faathbenbpemeds by
Tkt e S s by S St 0 8
a waf e#0w oniB 8pFRTERAER ¥ 1tdndhehe Sutharde 35inepplythszPE i8tmy be
provi ded to tbeudishal end ofelldtiioradiip |Metdidsn cBEE, daskbeirde Eelkgni sm 24
may be constiputed L YeLh! Gldoh M ke A L2828 1t 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 alflat 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



" - 30 height of the rinse supply position by the rinse solution supply
nozzl e 23 and the height of the solvent supply position by the supply

. hozzle 3 may be independently changed. The solvent supply nozzle 3 may be 5
di sposed toward the center of the wafer Ww thout extending the arm 23a
above the center of the wafer W Instéad® ds indicated by a chain line in

FIG 22, the rinse nmechanism may be provided to the opposite side (upper

oft side | nflGe22adl dhe ualss WholdoMEainalivelion s ol gat od by o

chai n doubl ed line in FIG , the rinse mechani e provided to
the waf er WHIRYER SWikARSt he arm 23a using the noving nechani sm 24 as a

center or parallely thyve ébenpla) 28aeasoilidneared 2y Erb@iedWA 0Fhet her eby
noving the rinse 15 nozgle 23 tg t he fer W Th%,ﬁaﬁyent S %EI% nozzl e may
be fixed to GHE KA1 SF the chatens, Cdpparat Eht'si“rlﬁ;i:| ufiti ng nenber
(not shown) .whHile istzhbey the wofeenW sdppl yotetzlanals speededfat a

position w t)h rferd o] i I j t f t he
solvent is 6%8#*:5?%?9 g%%ﬁgg% 9535P§q§§egég?éﬁﬁﬁka 62%%2? §¥e¥ﬁg§agfer W
S

pref erably. Whi shrayPe bt P8 2l hd 1E8CHRN by I sed viertakindl §tA6Sz1 e may
éake _ogedf! ocy\uhowo go l thﬁLongh@, r@rsimly sbﬁ.lu?cfid’tQ]EB &ﬁ)éi@@d@ﬁepﬁéiihaﬁ belen
escribed in.the above, enbo, di nent., ural i of . sol vent su nQzzl es
may be provi %.C$%€¥%}5p% Eé?nf8% g%g%ma,GQJRQQﬁf%ﬁ%ng?%rEogggxgi fered.
from ddch otdrerthe woheroV dWiaschaigd .stlatees 2 grrc heftespdroppéngoEikes

correspondi ng, 1 @et SEhargre3Pekliaw 8 10 @W%E&?S&écﬁﬁ&% Ehaw.

rate. Instead, I1n order to supply different solvents fromthe respective
nozzl es, theéeRRIRE hAYSHBALIRNe O 3L dritee St HeR e ankRBeedRd Ofhe ki nds
of sol vents ¢iie awsfsehar garsequende dfkseldoimsind heeebypobbairdiyng 35

oPLI T, CPaRRGER (LB k0 B LhaeLlermont | pg apperslus shown 11,

15 As can be apparent from FIG. 17, the thickness
variations became minimum within the respective dropping
times to be as small as SO0A or less when the discharge
time of a resist solution B was 2.5 sec and the rota-
tional speed of the wafer W was 2,000 rpm, the discharge

20 time of the resist solution B was 2.0 sec and the rota-
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 f£ilm
having a uniform thickness can be formed by properly
selecting the rotationzl 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



" a housing 111. Each of supply nozzles.3a to 3d for a solvent A and each of
supply nozzles 4a to 4d for a resist solution B are provided integrally to
. a correspondi ng one of the spray heads. Each of the spray heads is

supported 5 by one end of a correspondig one of horizontally extending arm
menbers 200a to 200d bent in a crank-sh gea manner. The other end of each
of the arm nenbers 200a to 200d is connected to a correspondi ng one of

mounti ng_pord i:0ns,,2Q15 1 q, 2044, Of'oiﬂhscgrégege%l lees 18 dP dPd fxd end 10

upwar d. These nounti ng portions are pr es 202a to 202d forned
in the upper Ol flgt ek AP S uppor2de | nwéﬁeérréfﬂ OI;r é’ {%bl%e 208% e noved
at one time.a e dohde) 206 sadobeanevedich the ¥idig et itie byaferovi ng

mechani sm 2 and the fo u ting ortlon ta 201d .15 cap be_al so
noved with ?E?ﬁ% %V%l?,%n:iog}ze{qﬁ Rsé gc???%lﬁ&oé} md%'é a%%g‘%sed
near tise tahie 20ated abi ehphe«ﬁdtagmpoe@ mtzmqnﬁleﬁpaﬂjbd(%oo@hatm ts
| ower surface o t ab 6. u h I I b d,a
gllqu';%vpﬁﬁ 2544 gﬁbb lqsf%? ahRUS,, Rd Qi zngochp Eofbrgbda

proj ection stanti a same Jrameter as e [ Aner
di anet er of &Pm?%ﬁﬁ@b 20PheE8o02d, tﬂﬁl &/S4sS fé?%HﬁiQﬁV%%% 3 JHREIQEPf ace of

t he hol di ng w&n:@@sel@amwebwfcﬁaead o\M ttlmet eerﬁamwrdf pt e amgiféhe bore of

any one of the ntin portlons 0 h IS
connect ed tdﬂh.gggh%h?%Eaﬁg ?ﬁ8?nshown)eSl %5 fﬁ' élg%n ? ?egga suction
port fl&r suckerweased suppbis Bﬁneﬁeﬂm§¢@@o¢haﬁgSﬂﬂ;¢nﬁﬂﬁlhgspéttlon when
the hol di ng @@IﬁwanZéOlgoa%fd@em 0B W f'@lﬁ‘eoél&)!?véhe A

sel ected one_of the poun porti.ons la a i u rts
mount i ng por$TORPEY fRad VB C§039§c%&#%;§ I%%OW' %c%ﬁh?ggfaPﬂF éOPS
supported byofi théveatiskt w2t6 tmeb@enngﬂdnahredqmepbanﬂome(uleal the

d t T b
i roct1 one 4. £6sDect st e MWD 41t T, SaLa) Doy aacche above
di recti®n tothesselvanthéidal esrdgatduntd i sorfreon bra cassuRlngorhe pln

201b in thi Sts;eﬁeiot ena pe%utgnerfaqpmegéﬂ dﬂtelcholcgiwgs ,- tB8 sp@Nknen 210.
Then, the scannl ﬁ % &Hgvgglége X le@Cthﬂ e dri Ve uni t

216, the hol&if @ 5 ﬁséf i°8 FRE T nb%n?lhé E8FP| i&lb to
cause it _towtbhegdodhwsmtmhaﬂlﬁhe hol di ng hol e 6b is engaged mnth 5 the
support pin 190 a @ teli_lec%%%q %ﬁﬁ%@@%iﬁ EQP@QEE?%Q}A thephol ding

portion 210. In t I's state, nnlqg armo6a is noved upward by the
drive @it ZiﬁfﬁeeﬂFﬁttPhgﬂﬁﬁnu%&mr?xﬁ i ot 1P RoRPERESNES ¢ 206. In

addi ti on, thgugpraysheadisb tife MRGrdtus 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 ié 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.



- 10 the X direction to position the solvent supply nozzle 3b above the
central portion of the wafer W Thereafter, a resist filmis forned on the
. wafer Waccording to the sane coating nmethod as in the above enbodi nents.
Each of the four solvent supply nozzles 3a to 3d is 15 connected to a
common tank or a correspondi ng one of v&& ous tanks, and a predeterni ned
anount of solvent can be sprayed fromthe nozzles in the sane manner as in
t he above enbodiqfnts. inilarlé1 g ch of the four resigt,so utign suppl y
nozzles 4a to 4d 1%°cBRABEL 85851a 220 CIRESSohd iy oHed B SR AnRY &R ch
contain diffeessnel knatlls bbdgoatiengusolautndingg tdre vea Peedet ennansgianount of
coating sol ulhon c2n 88458" AYSInH-ARINGRAAA L [0 2P eighrEOhned perl od

of time. In t%e coafi ng apparatus havin OVE arrange nment, since an
arbitrary onel®fORRBrpraFaRPLt fadn RS0y tdkl wamt bedbby edprable -used,
resist il nerpadesvdbibenant gomdidaronse car hec£esy |iofea Mg at vBirgh speed.
Si nce the cqgneciion 80Etion bet ween the scanngng arn16€n§nd he unti ng
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drive nechangighg %Eé%(mgyftical wall 31g extends downward under the

20 solvent reservoir channel 31f of the rotary member 3le,

and a plurality of communication ports 31h communicating
with an exhaust port le and a liquid discharge port 1f
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



" In the exanple 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 nounted on an

arm6a to extend in a direction perpendicular to the arm6a (X direction),

as indicated by a solid line; or in a-did7ection parallel to the armé6a (Y

direction), as indicated by a dashed line. In this exanple, the 25

el ongated spray head 5 supporting the nozzle 3 is positioned above a waf er
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a matter of e3uk waf%r %k Iw%orm 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 3le 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



" 1. A coating filmform ng apparatus conprising: a housing; substrate
support neans, rotatably nmounted in said housing, for supporting a

. substrate with one surface facing upward; to a plurality of spray heads
det achably nounted in said housing arid ﬁach having a first nozzle for

suppl ying a solvent of a coating sol ufi on said substrate and a second

nozzl e for supplying the coating solution on a central portion of said

substrate; 1y,a Q&I‘vé‘ﬁ‘cté(t%?g%?%c&'n%’ld%r Thd &Hcidkén I@g‘;séégnsgl pl ane and

each having one end tion I supporting a correspond one_of sald
plurality of sprd?hﬁeﬁﬂEaéﬁHUFhéhSWﬁeﬂﬂa Srorkd drs %ﬁ&ﬁ%%%ﬁ%e@oFuc
supporting Sﬂnat%herreﬁdsﬁotbaemn@f metiRiediebarfoafiedald pl vedalhcky of 20
connection arms_and sa#ect é ¥Jég |(j§§g§wte connecti on arm bet ween
a suppl yi ng PosTTToR GHEPEPEa’ Fespondi fg Spr AP TR“P3%i ti oned
above said subssehte had a ﬂaﬁﬂedgqmﬂNQhuﬂﬁNWﬁnie@aPUESamrespnnuhﬁg spray

head is 0ff5§£oéé9§‘éﬁéﬂbé?bi%r%k%udﬂﬁ|6%5%“§¥éﬁé%%rﬁﬂﬁe@065lga eh said
sel ected conhection armis kept offset

perform resist coating in this reduced pressure

atmosphere.
The apparatus shown in FIG. 19 is substantially the
10 same apparatus as that shown in FIG. 18 except that the

solvent reservoir channel 31f is not provided. 1In this
apparatus, a pressure in the enclosed space 35 can be
reduced to a predetermined value, e.g., 90 mmH20, by a
vacuum pump 36 connected to an exhaust pipe 21 connected

15 to the exhaust port le through the communication port
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.



" fromsaid substrate. 36 2. A coating filmform ng apparatus conprising: a
housi ng; substrate support neans, rotatably nmounted in said housing, for

. supporting a substrate with one surface facing upward; a plurality of spray
heads detachably mounted in said housi and each having a first 10 nozzle

for supplying a solvent of a coating solution on said substrate and a

second nozzle for supplying the coating solution on a central portion of

saidd SUESL rate; ﬁspts%gelnl tivy sz@?mectfm HaBz beat ata @lhgé@_«}nt al ]pl aned
ol ur ari Uy of LBPa7an k4PN ke oru] "HSF LHoF pof  FBR: ShBAAETEr  Suppor i ng
sai d ot her epdapohEBdnSOthSEprnxmeMeemd pat tiphudal ptiyotsfaldgnnecti on
arms and sef 6ahi @l %aMVINRG, Sl f Sl ecs e CONPELELLPR abBLReLWeen a
5 scanning mechanism 6 in a horizontal plane in a direc-
tion indicated by an arrow. All the four nozzles are
moved together with the movement of the spray head 5.
The first nozzle 3 is for supplying a solvent, and other
three nozzles 4a, 4b, and 4c are for supplying different
10 kinds of resist solutions under an AND/OR condition. In
this embodiment, the respective resist solution supply
nozzles 4a, 4b, and 4c are connected through resist
solution supply mechanisms to corresponding tanks in
which the different kinds of resist solutions are con-
15 tained (one tank 8b and one solution supply mechanism
are represented in FIG. 20).
In this apparatus, different kinds of coating films
can be formed without exchanging the spray head S.
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



" supplying position where said corresponding spray head is positioned above
said 20 substrate and a waiting position where said correspondi ng spray

. head is retracted fromsaid substrate, while said other end portion of said
sel ected connection armis kept retracted fromsaid substrate; and 37 a

novi ng arm novabl e in said housi ng, hévPHg'a rinse solution nozzle, and

positioned on the other side of said substrate support neans. 3. An

apparat us a%é){%k{'gof'@ﬁg‘. £1 %eéﬁhglifai %sq'%‘éﬂof}? b‘r’g‘/ r@gx%org%fﬂ§§ss§lgL5tal end
portion for sup ortln? 83 d First z Ig, an’internedi ate portion for
supporting shienrsweelyiororaleard angr diemdleishd o thivh soteeabl y

lsgppoF] ted bys$sby hedsi BfondbyAtBeashipifi INBAArdm NGnAPRK af MGe §OAPI | Si NQ:
a nousl ng,

|2 housi ngac DS LRl ea2yPPOLk ey Lotstably amunted, 1, 5L housing
5 disposed toward the center of the wafer W without
extending the arm 23a above the center of the wafer W.
Instead, as indicated by a chain line in FIG. 22, the
rinse mechanism may be provided to the opposite side
(upper left side in FIG. 22) of the wafer W.

10 Alternatively, as indicated by a chain double-dashed
line in FIG. 22, the rinse mechanism may be provided to
the wafer W side to pivot the arm 23a using the moving
mechanism 24 as a center or parallely move the arm 23a
as indicated by an arrow 107, thereby moving the rinse

15 nozzle 23 to the wafer W.

The solvent supply nozzle may be fixed to the
housing 111 of the coating apparatus using mounting
member (not shown). In this case, the solvent supply
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. 1In 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 sequerce 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



" 15 at least one first nozzle having a first discharge portion for supplying
a solvent of a coating solution onto a central portion of said substrate
.. when being rotated; neans for supplying the solvent to the first nozzle; 20
at | east one second nozzle having a second discharge portion for supplying
the coating solution onto the centrat pbrtion of said substrate when being
rotated after the coating solution is ‘applied by the first nozzle, said at
| east one second nozzl e being provided away fromsaid first nozzle; 38
coating soPutiosy¥ifighph it medaCh R L sEPPPYY ngoERées0dR K9 $A fidor® to said
second NOZzlaved TN ifidiGadh)of €@ppaynNebzyheshscoRbALES fdie Loadd N
sol ution; QJlﬂﬁ coqyunugatlngﬁgq%hifgr co n%catlng the container to said
second nozZPeRSAd (5135 R heehs TP SPIERppYyFhg 2t AL EESTRMT T (3%n i n
sai d cont aioferthteo stphea s evondls nozZéehvpd the spmaynheatisng patippsried punp
means shavi ng, &held s PUIP-8Pfe &ponding one of horizontally
extending arm members 200a to 200d bent in a crank-shaped
manner. The other end of each of the arm members 200a to
2004 is connected to a corresponding one of mounting por-
tions 20la to 2014 on which support pins 19a to 19d extend
10 upward. These mounting portions are provided with bores
202a to 2024 formed in the upper surfaces and supported in
an array on a table 206 to be moved at one time. The
table 206 can be moved in the Y direction by a moving
mechanism 207, and the four mecunting portions 20la to 2014
15 can be also moved with this movement at the same time. A
scanning arm 6a is disposed near the table 206, of which
holding 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 2024, 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 201d. 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
201d, 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 111.
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



" 10 stepping notor for expanding and contracting the bell ows punp; a spray
head having a distal end portion for supporting said first and second

. nozzles and a proximal end portion rotatably supported by said housing,
said spray head being positioned on one_side of said substrate support

nmeans; 15 means for pivoting said spray3head to selectively position a

nozzl e between a dropping position above said substrate and a waiting

position offset .fro aid _substrate;_and an a vapl e i,nssaid usin
having a ri B?E%’S’Iﬂugl i n&?&ﬁnef, tglned ?o%%’?rtlfg%eé%ng?hggﬁogtglée?nsit ge of gai d
substrate sH¥pporecidams byarttherebmisv¢ ountbn2k6l | theg baldisgepsittg 9ot or,

wherein sai ¢,600l }oJRAHAAN IR Snéult Se§ap8etibAE20h @ios i@ ng: t he
coating solution fromthe second di scharge portion 39 by contyolling the
drive operatiPoso8r SQ“h sieppidly J%b? o?oigyégi 68h1‘306phésr IYsSHed of
sai d sgbstranhe support pin 19b and the mounting portion 201b is
supported by the holding portion 210. 1In this state,
the scanning arm 6a is moved upward by the drive unit
216 to lift the mounting portion 201b from the table
206. In addition, the spray head 5b is moved in
10 the X direction to position the solvent supply nozzle 3b
above the central portion of the wafer W. Thereafter, a
resist film is formed on the wafer W according to the
same coating method as in the above embodiments.
Each of the four solvent supply nozzles 3a to 34 is
15 connected to a common tank or a corresponding one of
various tanks, and a predetermined amount of solvent can
be sprayed from the nozzles in the same manner as in the
above embodiments. Similarly, each of the four resist
solution supply nozzles 4a to 4d is connected to a
20 corresponding one of tanks which contain different kinds
of coating solutions, and a predetermined amount of
coating solution can be sprayed from the nozzle for a
predetermined period of time.
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 éa
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



" An apparatus according to claim4, wherein said spray head supports a
plurality of second nozzles. 6. An apparatus according to claim4 wherein
. said supporting neans conprises a plurality of connection arns bent in a
hori zontal plane and each having one and end portion which supports one of
a plurality of spray heads and the ot fer’ %erid portion; and 10 neans for
supporting said other end portion of a selected one of said plurality of

connecti on e I Vi sel ected connecti on ar m bet ween
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n-an € walting position. 15 7. An apparatus accordi ng
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the arm 6a by a drive mechanism (not shown). '

In the example 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 S supporting the nozzle 3 is
positiocned above a wafer W, and the arm 6a is positioned
to match with the diamster 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:
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pyruvate (EP, boiling point: 144°C, viscosity: 1.2
cps), and proplyleneglycol monomethylether acetate
5 (PGMEA, boiling point: 146°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.
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substrate support means, rotatably mounted in said housing, for supporting a substrate

with one surface facing upward,

15  at least one first nozzle having a first discharge portion for supplying a solvent of a

coating solution onto a central portion of said substrate when being rotated;
means for supplying the solvent to the first nozzle;

20  at least one second nozzle having a second discharge portion for supplying the coating
solution onto the central portion of said substrate when being rotated after the coating
solution is applied by the first nozzle, said at least one second nozzle being provided

away from said first nozzle;




T 10%"

means for controlling said stepping motor, wherein said control means controls a

discharge time for discharging the coating solution from the second discharge portion

2f
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(i) a container which contains the coating solution;
5
(ii) a communicating path for communicating the container to said second nozzle; and
(iii) pump means for supplying the coating solution in said container to the second
nozzle via the communicating path, said pump means having a bellows pump and a
10  stepping motor for expanding and contracting the bellows pump;
a spray head having a distal end portion for supporting said first and second nozzles and
a proximal end portion rotatably supported by said housing, said spray head being
positioned on one side of said substrate support means;
15
means for pivoting said spray head to selectively position a nozzle between a dropping
position above said substrate and a waiting position offset from said substrate; and
an arm, movable in said housing, having a rinse solution nozzle, and positioned on the
20  other side of said substrate support means; and
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5. An apparatus according to claim 4, wherein said spray head supports a plurality of

5  second nozzles.

6. An apparatus according to claim 4 wherein said supporting means comprises a

plurality of connection arms bent in a horizontal plane and each having one and end

portion which supports one of a plurality of spray heads and the other end portion; and
10

means for supporting said other end portion of a selected one of said plurality of

connection arms and selectively moving said selected connection arm between the

supply position and the waiting position.

15 7. An apparatus according to claim 6 which further includes a moving arm having a

rinse solution nozzle, and positioned on the other side of said substrate support means.



