# 1 Method of formng coating filmand apparatus therefor The present
invention relates a nmethod of formng a coating filmsuch as a resist film
on a sem conductor wafer or a layer fornmed thereon, and an appar at us
ttherefor. 5 As is well known, in the field of sem conductor techniques, a
resist filmis forned on the surface of a layer as a mask for a pattern
portion when a sem conduc- tor layer, an insulating layer, or an el ectrode
| ayer formed on a sem conductor wafer is to be etched into a 10
predetermi ned pattern. For exanple, spin coating is mmwMﬁMMﬂmmm t hod of
formng a resist film According to this nmethod, a ted with a
sem conduct or waf er being placed and fixed thereon. For«gxaRple, a resist
solution 15 consisting of a solvent and a photo-sensitive resin is

.dropped on the central portion of the upper surface o er. The
resist solution is spirally diffused fromthe central of the
wafer to its peripheral portion in accordance with the MI@@ WMIF
centrifu 20 gal forces of the wafer, thereby coating the re ution

on the semiconductor wafer. According tqQ this nmethod, in th&%ocess of
dif- fusing the resist solution fromthe central position of the wafer to
its peripheral portion, the solvent in 25 the resist solution evaporates.
For this re@o% hef fostbdsgt yoetihke fidsi sndsdmppapatyaries in a

di ffusion - e nd-the thickness of the resist filmat the
central portion is different fromthat at the peri pheral .portion. in

addition, the perqrn:)ehegs@ésyﬁtoghbygnatlotmeraqqqe&he& ahePOOE | O0 ifgnlﬂhgger t han
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wafer or a layer formed thereon, and an apparatus
therefor.

5 As 1is 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



& the peripheral portion is much |arger than that at the central
position. Thus, uniformcoating can not be obtained. For this reason, as
described in Jpn. Pat. Appln. 10 KOKAI Publication Nos. 57-43422 and

59- 141220, there is provided a nethod of adjusting the tenperature of a
resist solution or a nethod of filling the same solvent as in a resist
solution in a resist filmformation atnmosphere to suppress evaporation of
the solvent in 15 the resist solution. As described in Jon. Pat. Appln.
KOKAI Publ i Gathesit s, 399 11B95LnEekoess ofarfhe p1ea5983bi1m At k6 of

dr oppi ng theeﬁﬁnaﬂnodﬁtaoneﬁssawfsak@MﬂnfﬁﬁmEtM@&eétSﬂhéagér@ e&auo

resi st solutlo .coatlng L85 %§8npro osed. 20 In roer t %F

however , ot of 1¥ 27 S T 188K utTon RisedP 1 7° ¢ r%? %Cé ¥e§ st™filmis

| ar ge. For R@Gﬂﬁﬂ&}abnpyrllpa 2$60ﬁ9ﬂﬁipmn§n empunatotheeskstradol ution
contribyte t0,AGH U3 fgﬁgagl 9Bz thﬁtfli‘?’xg% ea%&&ntfafntTEObs%é’E%%auﬂ dror m a

1-um thick resist fi , a resist solution are reqU|red fo
an 8" sem(ﬁﬁuﬁﬁﬁcﬁembP%?raﬂnPP eiPat tlet Mthotargeri §hagi fhpcult to

obtain unif artre coattngl apdsthusn .t hehwonvent f opal cprebhgneaganaet e
satlsfactorll_tsolwgd It is an object of the present invention to provide
30 a net hod ThT requires a smaller anmount of coating solution such as a
resist solution anelr cahiformrgoncoatsi eddt vddvinglanunPaor mApplokness,

and an o appa@tAs. bhsL ekak 1o'ﬁc@1%rsd' e 1038 asRECE0f 4t BeoPr e3RHe
i nvention, 35 there | rovi, a hethod of for g% gpa coatln film
a

conprisi ng the Brepsd 8 pBFYI RisABHE C BRI at Wﬁer§5P&F16H-6h one
surface of arsubstrabduképn oot @t ecdtdrod -o8 fs5ldppediheotatiengdlveent

substrate applipgd withsthe shventn atn 2 fiest stokat ol SReed, to diffuse

t he sol vent ‘ _
atmosphere to suppress evaporation of the solvent in

15 the resist solution. As described in Jpn. Pat. _
“Appln. KOKAI Publication Nos. 59-11895, 6§1-91655, and
61-150332, a2 method of dropping the solvent of a resist
solution on a wafer surface prior to resist solution
coating is also proposed.

20 In the former method, however, the amount of resist
solution used in forming a resist film is large. For
example, only 1 to 2% of the total amount of resist
solution contribute to actual formation of the resist
film. For example, to form a i1-um thick resist film, 4

25 'to 8 cc of a resist solution are reguired for an 8"
semiconductor wafer. In the latter method, it is
difficult to obtain uniform coating and thus, the
conventional problems cznnot 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 @ 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



through an entire area of one surface, and applying a predeterm ned anount
of coating solution at substan 5 tially the center of the substrate while
rotating the substrate at a second rotational speed, thereby dif- fusing
tthe coating solution to the entire area of one surface to forma coating
film According to the present inventi oh,” a substrate 10 (sem conduct or
wafer, liquid crystal substrate or the 1like) neans a substrate itself and
a substrate.i i ng.L Qr. _.a ) o] .aterjial s, such-as et a
| ayer and %e%ﬁ%%%ﬂctgg?g%géér - hesﬁlg%/%?reg% és-‘%ﬁisjf%t‘g“gp“ Feaovlvivteﬁ%a

sol vent indita? eSiBssoroéatignpéceppad wpplicthon the sabsenste or a

sol vent appthesh@n sHCEnairkayekasf gmeshonstheassbstrat gpplhatg g, it neans
a substrate on which a.coating sglutiqp,is to. be applied. hé shape of
the substr&XETERETLPPH EBGUIThEE, G2 mRY FRVRSLORI PEUFHPSERER shape,
rect arfgul art shhpe bdhet hen2@r idfe thaccouds ngate® thel presentinavemnt on, a
coating so Lop. ipdiecates a $Ql utd.on. wai nt .| w.liquid state by
a sol vent, %§$%§ngﬁv§nt%o%éfﬁ§%u§égggfﬁgfﬁg‘%%%%%h thfgpnggLéxanple, it
neans a rest4$¥i2g CPRoCE2SARS St 5N kP okl e nagRerPzedesolodt icore on t he

| i ke. Accorshhpgate therpraesentcdatverdi onimthe size of, for exanple, a
sem conduct or wafer servin%da% a substrate thg.rotationgl,gpeed during
coating a coating-367861Gt ioh, " Fh@TTmEP T dtAREREICBt & RUPSITE (econd
nozzl¥) fofsehécepdtichgrsolaftsron,l sppplyctyabaandubmbuateofort e coati ng
sol ution are; f geablsy as o1 Houeyer, +candi ti rg not
limted to ?hgéz.ﬁaggﬁafe%Eg?ﬁéﬁ%i?%ﬁé|lépéggz53?8@% ?%DQGﬁﬁﬁyﬁﬁagﬁ | nner
Di amet er of LRBSEFeCrod] ey exr ®PinRgrer materials such as a metal

layer and semiconductor layer. Therefore, a substrate
applied with a solvent indicates a2 solvent directly

15 applied on the substrate or a solvent applied on such a
layer formed on the substrate. That is, it means a
substrate on which & 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 rotationzl spesd 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 limitsd to these.
6" Wafer
35 Rotational Speed: 3,000 to 6,000 rpm
Inner Diameter of Nozzle: 0.1 to 2.0 mm



Supply Tinme Flat Wafer: 4 2 sec Uneven Wafer: 3 t2 sec Supply Anmount 5
Flat Wafer: 0.2 to 1.0 cc Uneven Wafer: 0.5 to 2.0 cc 8" Wafer Rotational
Speed: 2,000 to 4,000 rpm Inner Dianmeter of Nozzle: 0.5to 2.0 nm 10
Supply Tinme Flat Wafer: 6 +2 sec Uneyen Wafer: 4 2 sec Supply Amount Fl at
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 Dianeter of Nozzle: 0.8 to 3.5 nm Supply
Tinme 20 Fl at VAf erupf vl Sigge Uneven Wafer: 7 1 sec Supply Anount FI at
Wafer: 1.0 to 3.0 cc IH@qug eI,_er: 1.5to0 5.0 cc 25 LCD Substrate:

Rot ati onal Speed: 500 t0 2,000 4fpm Inner Dianmeter of Nozzlé:*6.3%to 5.0
mm Supply Tine: 12 4 GevesuppigrAnount: 2.0 to 9.0 cc 30 -Thi$2i sgention
can be nore ful lysuper sipodnfrom the fol l owi ng detailed description when
taken i_n con- junction wth the acconpanying drawings, in which: FIG.1 is
a schematic view showi®h Ye&PEt coating apparatus fof-pefPotnPngca

met hod of form ng a caatéwngn Bafkikl:m according to an enbodi aBnd . of cthe
present inven-

g" wafer
Rotational Speed: 2,000 to 4,000 rpm
Inner Diameter of Nozzle: 0.5 to 2.0 mm
10 Supply Time
Flat wafer: . . 6 £2 sec
Uneven Wafer: 4 +2 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 %1 sec

Supply Amount

Flat wWafer: 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..1 is a schematic view showing a resist coating
apparatus for performing a method of forming a coating
35 film according to an embodiment of the present inven-
tion;

FIG. 2 is a plan view of the coating apparatus;



Fion; FIG 2 is a plan view of the coating apparatus; 5 FIG 3 is atimng
chart showi ng the discharge flowrate. (driving tinme of a bellows punp) of
a resist solution froma nozzle and the operation timng of an
dir-operated valve-with a |lapse of tine; 5 FIGS. 4A to 41" are sectional
views respectively showing the differem Todifications of a resist
solution supply nozzle and its distal portion; FIG 5 is an enlarged

per spective view Wi ng. SRr e used ,in the coatin aratus; 10
FIG 6is a secti%ﬂ%l gié% 8f“ﬁﬁéngp%%fékxﬁﬁowfﬂﬁi“5“i lgcgggﬁﬁchart f or
expl ai ni ng afhet hoetef (dfdvAnEg tdmeesifste fh¢ 1 ast ngunhe obati mgsappar at us;

FIG 8 is a sehefabhCrpemnSREsliz\a Vi@l Show ap- s EALLER FESHSt ap .
coat i ng/ devel o |n§agg aratui to which the 15 coating apparatus is applied,
FIGS. 9 and 3b"aPB%ha 58%@ VBvE Ned arftPSe QectiBRal view, respectively,

showi ngst he nodi fFTasi.onr ab aCspray swadiofd GSviddst eeideareveegt i onal

views respectjyeky. 20.SRow he djffe . oodi fi-cations _of the.nozzle
assenbl y of ghépéé ﬁgad?‘ﬁﬁ§}%3¢i@?i{téf%%%%?Tve‘vFehFEﬁSWﬁﬁ& e O8
nodi fica- ti 8APBLYanABZZFe 2aSsdms W idriteh pPaksoBubstrate as a body on

which a coating fike.is te be fonmteR5 8 Gedbils 3:1gLaRR mg' ng a
t hi ckness varlat|08n gaqg% by, tq% rel atjonshi p between the 8ISC arge tine
of the resi SPT88I GEPOnYaRE tifie &TOnHrS speearafudn 8" seni conduct or
waf er; 1#l G 16 | sFaGgr aphisskowawy itdreaY eV ad¢d onsht pebebwaenhed@ ;t he

ot at onal Speed o thd Ul o RGO fo o or AR iheieng e
vari ation forming a resist film using the coating apparatus;

FIG. 8 is a schematic perspective view showing an
entire resist coating/developing apparatus to which the

15 coating apparatus is applied;

FIGS. 9 and 10 are a perspective view and a
sectional view, respectively, showing the modification
of a spray head;

FIGS. 11 to 13 are sectional views respectively'

20 showing the different modifications of the nozzle
assembly of a spray head;

FIG. 14 is a perspective view showing the modifica-
tion of a nozzle assembly and a glass substrate as a
body on which a coating film is to be formed;

25 FIG. 15 1s 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 & 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 & 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 @ resist film in a solvent



range by the rel ationship between the discharge tine of the resist
solution. and the rotational speed of a 6" 35 sem conductor wafer; FIG 18
is a schematic sectional view showing an apparatus for formng a resist
filmin a solvent 6 - atnosphere; FIG. X9 _is a schematic sectional view
showi ng an apparatus for formng a resist filmin a reduced pressure

at nosphere; 5 FIGS. 20 and 21 are a schematic sectional view and a
schemati ¢ plaamodmvere espectively, showi ng a coati ng appar at us havi ng

three resist sol n ppLy El a sche Ian vi ew for
expl ai ning the Lﬁidé)f|§%t?%naogéﬁhgggﬁﬁar%a s ol\/vnwl“(aﬁw wﬁ % rG 23

is a schenathPE}ﬁ%ﬁLﬁ view formérpl ai masg st heurmdxrh@am@\mcgﬁ the appar at us
shown in FI re?gsuré:l &mdspnand; 238 are Ccross- sectl onal views taken al ong
i nes 23A—2 and 2§$ Z%B |n FLG respectively, FIG 24 is a schematic
pl ane Vi ew for eﬁﬁ ni hg £RE 2&535Fh@r r?‘?bh?l%‘?\c otCRRe ¥pPUr 8PGs shown
in FIG 22; #l€eh2ddt andp24B siewcr oS sect iwoxgy , vﬁemsuh@k@ncoal“@ﬁg l'i nes

24A- 24A and 4 I | a f
expl ai ni ﬁg a#%ﬁﬁé% EEE{/} %hfru(rgf%%%tl ff%?]éuficg‘br%‘gpﬁzﬁdgg 28V|28WFI (C)ir

26 is a plan vi evﬁ%cﬁowzﬁglﬁhé Feaematats cihl@'f viewpfay dspdachingethe
appar at us sheyi f ickt Gon267 ARcerbedirmils ofndde preseat bpvention will be

.descrj bed in det h.reference to the acco nyLn dr 25 In
this dlecgcrl ption, %&m\i\% 0d5of FEPRTRS H R rTPﬁF‘i’I ﬁ?gnaxa P&P?h‘"ﬁg
appar at us ortlke cmamngca'ppanaptfs thec ok ngti o $lhl®w1p)r £seRIGi.neention wll
be applied to a f‘?&hoész@f amr B3R0 3 J €SLSLs fLL M 0f 3y serLgandugtor wafer

and a form ng appar atus therefor.
dlong lines 23A-23B and 23B-23B in FIG. 23, respectively;

FIG. 24 is a schematic plane view for explaining the

15 othe: modification of the apparatus shown in FIG. 22;

FIG. 242 and 24B are cross sectional views taken
along lines 24A-24A and 24B-24B in FIG. 24, respectively;

FIG. 25 is a plan view for explaining an apparatus
having further different spray heads; and '

20 ¥IG. 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 & resist film of z semiconductor wafer
and a forming apparatus therefor.

30 As shown in FIG. 1, the coating apparatus comprises
2 process vessel 1, a rotating member having a ver-
ticelly 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 substreate, e.g., a semiconductor wafer W (to

be referred to as a wafer hereinafter). The spin chuck



30 As shown in FIG 1, the coating apparatus conprises a process vessel 1,
a rotating nenber having a ver- tically novable nmechanism e.g., a spin
chuck 2, a notor 2a such as a pulse notor as a neans for rotating this
spin chuck 2, a spray head 5, and a scanni ng mechani sm 35 6. The process
vessel 1 houses a target to be coated or7 a disk-like substrate, e.g., a
sem conductor wafer W(to be referred to as a wafer hereinafter). The spin
chuck 7 2 hglgswthetwafer Won its upper surface in a horizontal state by
vacuum suct i on-afd 8% §fafed Yat°ta VaFi 4BPRI FBEraficendin sherelr hrewtalng to
a preset progtane By sepphyn sezzlieorB, (&h&stisneazkekdofata SolyeniprA0f a 5

coating solutjon-apgd.a supply zzle. 4 (sgcond nozzle) of a resist
sol ution B as tﬁe coating sol uti on,Qe 0 h"gfa Féﬁ%a-éforﬁﬁf%{w e above the

spin chuck 2SVUBP&YcPBSE1E03 dadir ot hepzand)i afegr aldlyemiurtt eaff oa t he spray

head 5.5 Thecssanningoreehani S 4 s appRINgotor chal dinwddie 0. spray head
5 to nove between_a §§r_aé t)e‘z;d waitin f_gbsi tion and an operating position
above the wafer® ASSsolfvERt-YSupPl VP pat ht8Rd aaFésdss odottitomn Bappl 97 pat h
respecti vel ywhicbonethemnozzlles shand 4heoBpEhSentem eratare; agh ustnent

mechani sms 1 r oSELL the 15 solvent A and the resist solution B
f1 ow ng thro%a f ?hg[saé %gtdhsr?‘t'o“éprrsae-s%if '8 g?at GFes S SR i VeRY. S The
suppl y nozz| 818 Fsappaneciedtan Emof veat et apkns7HE drhrmight g sbhyent suppl y

tube 7L@s a spht¥enhesuppl Yo pRIJ: andk @B-APENLRYLG! 9sing Q’@ii’%}%a- A

predeterm negﬁzo amount .of the solvent A in the Solvent tank can be

suppl i ed to PRETVAPEr 2 Ala GRTdEt 1% REAFLRE BPOVGrthoI¥aAgrt heh
pressure of achiventdeuph2y gestisuppdiedresesthecsoituest skl sbpadhe resist

sol ution suppk¥pBezzle 4 Goygyunicate With_a.resist solutipon tank 8b
through a resist solutigh -supply tu égg“gls“aar%gsiéstcoé?ﬁﬁ‘t?%ngslﬂbpl y pat h.
A suck perature adjustment ‘mechanisms 10 for setting the

15 solvent A and the resist solution B flowing through.
these paths to preset t{emperatures, 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 opening/closing valve 7a. & predetermined
20 amount of the solvent A in the solvent tank 7b can be
supplied to the wafer W in a predetermined time by
controlling the pressure of a nitride (Ny) gas supplied
to the solvent tank 7b.
The resist solution supply nozzle 4 communicates
25 with a resist solution tank 8b through a resist solution
supply tube 8 as a2 resist solution sugply path. A suck
back valve 8c, an air-operated valve 8d, a bubble
removing mechanism 8e for separéting and removing
bubbles in the resist solution B, a filter 8f, and =z
30 pellows pump 8g are subsequently provided to the tube 8.
The bellows pump 8g is controllied 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

(W3]
u

mechanism can control a supply amount of the resist
solution so that it is less than that in a2 conventional

method. The driving section comprises, e.g., a ball



back valve 8c, an air-operated valve 8d, a bubble renoving nechani sm Be
for separating and renoving bubbles in the resist solution B, a filter 8f

, and a 30 bell ows punp 8g are subsequently provided to the tube 8. The
bell ows punp 8g is controlled by a driving section to be expandable and
can supply (for exanple drop) a predetermned anount of resist solution on
the central portion of the wafer Wthrough the nozzle A- Thus, this 35
mechani sm can control a supply anmnount of the resist solution so that it _s
| ess than tF&tr9%h &5 sonvent Bonalknstetthokd The alrsowtag Bacihgnoaenphiases,
e.g., a ballg+tHBnhscrew gsse Y 3K - A+t reM/haylng one end
attached to oqone end of t he bgﬁkoﬁg qnlc%ps[;luc;‘%ju@{mghrggadabfly “engaged with
this screw, éhﬁ? pT%%aﬂﬁFoWl%ﬂ1qQHsIﬁ*ﬁ%&lyaﬁdvpngLED@lQ@r@wtuy
rotating th@huﬁo*Eiimmangrmb&uhaHQhetggydwwa dhapet gr, of ot hg:resi st

soluti@n su [ set. 1to. 2.0 and. preferably -.0 mm
for a 6 ?RJ 8&%5% Ci‘6r$ ﬁd ﬁﬂQﬁTH%ﬁﬁ§fE?§ R £8F &RS&Stwafer, and
0.8 to 3.5 mﬁlutﬂﬁrrﬁ%@E¥abh@22'@ Fmiorset 128 oateto knot hins mmaner, 10
al though t he, i aamiery of themnezz! & i preferablycs accord nce with
the size of%%he waferv it_can be arbltrar|$§ s%t %%hl t he'r 8ide of 0.1
to 3 .5 nm HiPERRARASe! - PhBTnERE @lcdh’ SRRy, t Aedr 6sBstosdl.Gtion in a

smal | er annunﬂifpwefetmmger2t@nam:E%ﬁﬁ 4 hex suppky - 157hi BB 1kS rsh@kt.

uni formi ty h s s degraded, and when it is_long, the
resi st sol u?%wollff%oill mrll%térgég%?\cet *he' _grl“ph'é?ja? ~PorFi 8ﬁ°6f3rfil‘?éyvv§1eer Her e,

the snal | er Suppf§PEhdURE  Of Shedinst SuﬂinwznrMEp@adsronluthanlm@er di amet er

of the nozzlgyggmkﬁhelprgssuueu%g& un§up§g dAngsthe resist sgyﬁtlon In the
resi st sol ut sy§%en1haV|ng t he ove arrangenen? e di scharge

time of the #rés?rifpg%%? ut F

r %ot ot e%%@/ Y hehr ree isitms odfu tilea
st eppi ng in a smaller amount for a longer time. When the supply
15 time is short, uniformity of the film thickness is

degraded, and when it :is long, the resist solution does

not reacnh 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 fime of the resist
solution is controllied 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

o]

opening/closing operation (ON-OFF operation) of the
air-operated valve 84 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) TDl when a flow rate gradually increases,

a drive time (intermediate period after discharge) TD2
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ses, according to Zilm forming



nmotor 8h for the bellows punp 8g (control precision: 25 =2 nsec). The

di scharge anount of the resist solution is set by the d rive operation of
the bellows punp 89, e.g., adrive tinme and a drive speed, and the
openi ng/ cl osi ng operati on (ON OFF operation) of the air-operated valve 8d
for opening/closing the resist 30 solution supply path. For exanple, as
showmn in FIG 3, the discharge steps ofgthe bellows punp 8g are divided
into a drive rise tine (initial period after starting discharge) TDlL when
a flowrate gradually increases, a drive tinme (internediate period after

di scharge) TBndg5iqhen t Foof Idawatetmg e s ( kepbplgonatanintard art imesfad |

time (1ast pesiod bef obaal Lnissh)e % wben-the fiLaw rate - qradugl Iy

decr eases, accordlgg filmfaormng con |t|ons sché?be‘(supply)

amount of t hEFTeE? 4sSPGHQﬂ%lfﬂuP%J%%”Fﬁ@lél@@h&h@§5(§m@ﬂ%081ngkycan be
accurately Omﬂtim|£Edoh%1©Q&hkﬁi|lﬂ@héh§5§;§ggﬁso$iﬁ@ky f"ﬁdd\ébbe%
e

conbi nat i on. bscissa qf Fl indicates 5 a tinme (sec), and
or di na’?st’e in ca{(?neuél f}%% i’ scﬁngggi' f oW Pate Hlﬁl*§a|t§spr“6‘f?or0tlﬁﬁ%ﬁr§% t he

driving UrnykﬁwtﬁétﬁelFQW§ pumpragotheonedi sb $0leU@GR iffcomide nozzle 4

and the oper@£|@natbghmgwgftkm%)ahyropgéapgglsuag%ﬁu_¥%wjq.addltlon si nce
the contraction eratiqn of the bel  ows punp can be chat é&j y _
control | i ng ARG+ ghén@?ﬁg“&ﬁ3PH?R?Tkﬁ%IréﬁaPGsﬁeeGmﬁ aitre apepyied not or
8h, the di scharge. flom1rate can be controlled during the TD1, TD2, and TD3

perloq%, For exa he .di schar A5 flowrate is autonatlcally
controlled such t at the dl%sch}?igrgc‘f | oWPr 5PR EFECIi0uaTSF d ndeaded by
gradual |y i%eeeasihgwsheura &d orel sgeedaobabhaysbmmﬁﬁuljmngnaﬁm during

the TD1 peri@fang$nkeph1¢0Rsfant -bé’tk&‘ﬁQh ng feb,% r-otational  speed constant
during the T2 perlgd_ and is Zﬁagra dual Iy ecreased‘ y g?ad%%ﬁ$ A
decreasing t ' pi§. @lscharge rlow rate Can be controlled duvﬂnc the

TDl, TD2, and TD3 periods. For example, the discharge

15 flow rate is automaticzlly controlled such that the
discharge flow rate is gradually increased by gradually
increasing the rotational speed of the stepping motor 8h
during the TDl period, is kept constant by keeping the
rotational spe=d constant during the TD2 period, and is

20 gradually decreased by gradually decreasing the rota-
tional speed during the TD3 period.

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

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

30 to the supply nozzle 4 is reduced to be 0, thereby per-

h

forming the OFF operation. Therefore, instability of

)

the discharge of the

,_‘

esist 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 pumo 8g, and the ON-OFF operation of the air-

operated valve 8d are automatically controlled by the



tional speed during the TD3 period. As shown in FIG 3, the air-operated
valve 8d is turned on in accordance with the discharge steps of the
bel | ows punp 8g, and kept on during a predetermned 25 tinme T (e.c., 0.1 to
1.2 seconds) after the end of the digcq%rge steps of the bellows punp 8g.
That is, the bellows punp 8g is turned off with a delay tine to per- form
a delay operation, so that a pressure acting on the resist solution

t hrough pi pigie f410mB 4 her bel owsuPEIP 80 3R R dihe éﬂ%ﬂ?’:éﬁe’—%' e 4is
reduced to be 0, thereby per- Torm ng the OFF operati on. erefore,
i nst abi | i ty BP9%He di scharge of the resist solution in a step next to the

OFF operation carribe shpotnated, iandnthedtasingt oSaliy i B cannbe
Top.  and T3 B1 (he” e bR puv B9 A At GNGHEDper bl i BR of the ar-
operat & valdrRSTaikee aut bebircal | IcEm ridld ed Smhartge lowpeadti ofi of a
conput er on g¢He hasi st ofoBuprEsets BLAgraM:the J W&%ﬁnigeéh? setting
of the drive tines (TD1, TD2, and TD3) of the bellows punp 89 will be 5
describedex@@?ﬁthﬁ*A§tBFe?ﬁéeHW§8ﬁ5?@§?QQmﬂ%%ﬁ%?%ﬁe IR B SP230l uti on
is set so that @&ipriedegedn hed ramdatalofamuiriedet esdridesk kot gbadischar ge
SUppl i ed ot BYEHEr (T oul ror e (TORY Y e ot o 6" oM i G Ehe TDS
peri od? t he Histhargeef Tow BRBUAE /i §heyrdidirdlasgaledraasatoant sapplied with
a el apse of ¢ia@ual Thesetoeasetihanpr elmimtdmty the 4 ickpnessqef tthe resist
can' be. Sol vel' 18- For RATePy CLRE. GPSharte THRKAASS H rBGPFesoPa. 1 i on
may be contrbllrdbdgonhe dhénnrg/ eltosiimg mpermtd ol wéraiwar bgbkaecorifice
(not shown) providedntothbhgekesihst pe solved.
15 Alternately, the discharge time of the resist solu-
' tion may be controlled by the opening/closing operation
of a variable orifice (not shown) provided to the resist
solution supply nozzle 4. In addition, the resist solu-
tion B may be supplied not using the bellows pump 8g,
20 but pressurizing N gas to the resist solution tank 8b.
In this case, the discharge time of the'resist solution
B can be controlled by adjustment of the pressurization
amount of Ny 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 eificiently clean a cup, reduce
particles in the cup, and reduce mist atﬁaching the
target to be coated. Furthermore, according to an
30 experiment conducted by the present inventeor, 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, TD2,
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



sol ution supply nozzle 4. In addition, the resist solu- tion B may be
supplied not using the bellows punp 8g, 20 but pressurizing N2 gas to the
resist solution tank 8b. 1In this case, the discharge tinme of the resist
solution B can be controlled by adjustpent of the pressurization anount
of N2 gas. According to the systemof this enbodi nent, since 25 the
consunption anount of the resist solution can be reduced, contam nation
inside the pregeswime yess@lt jsogesneasgd sasaschq &f fs',ect!t%f}{ﬁ &lean a
cup, reduce, particles in.the cup, and_reduce m st attaching e target to
be coated. POr CASERGREENAdTordi iyt 1 D AhY 36°8% FEFRRe AR GHERRIH byl he
present invedddriont, wady cdrd iThEdi$hatbthe agensurpeld @it e WKg of the

resi st sol ytian was rease . for_ex |l e, ,about. 1/4 per day.
“Al t hough thgths_ag{ét“:éﬁg ag‘?fctah?“cf?‘g‘%fg“fur rrgésas( %%E“,ewﬁz,a%dx]é‘('and TD3) of the
bel | ow8 punp, andiifE & ivRF T t felubNoaFEsogasatizorgast ftam aflre oper at ed

val ve are agi@mati ndgally contral sedkbyathe ;apekatedon, of, & Lonpyter on the
- 11 basis.of a’ [ i can

Qf a n%§et rqgranl t he resgegtlve settings ¢ be
i ndependent IV artitr a"rﬁca“'b TR T RRPENd S¥REARTedE 3T - additiorsuBAtY the TD2
i s arbitrarinogaer rectet: ames ighangedt iand Ba reequencsr marsbersaen y added.
5 After the tre%%i%n %” LttHéJ 'I'lﬁeg' ﬁgﬁ:@‘r g,%d tfhreO@itsQ_%l SelfpcPl O]:IlngZIll e 4, the .
suck back valve Sc provided to the resist solution suppl §ys?en1drams, in
the sdfply HorAt%e £SiTe FeLPE1C30FUPPN BOEEAR i ng Byesufdmee tension
on the innersofaldi Dfcdthedi 6t athendepamiiadn rkQ 16f tdhe yesh st sl yEion
supply nozzkgrﬁkaﬁpe ef are, soIédEchatioq.of t he L@sidual resi st solution
can be prevaited "Th t Hd' reRFsTeREPGt PO ISR PUREEN 1922 Wi €h di schar ges
a smal | amowitiaf dirchagies sobueldnamBumthert ttiee ress k¢t soblotdoni s
normal Iy draywn Jdyed Mehe resist solution is normally drawn in the
15 resist solution supply nozzle 4 by the operation of the
negative pressure of the suck back valve 8c, air around
the distal end of the nozzle 4 also is drawn in the
nozzle ¢, a residue of the resist solution B attached to
the distal end of the nozzle ¢ enters the nozzle 4,
20 thereby causing clogging of the nozzle 4. 1In addition,

the wafer W is contaminated by generation of particles

Hh

which are formad 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 PIG. 4B, an outer flange 4cC is
provided to the cylindrical distal end portion or the
opening of the resist solution supply nozzle 4 so as to
brevent air drawing around the distal end of the nozzle
35 4 upon suck-back. 1In addition, as shown in FIG. 4C, &
| small-diameter bent portion ¢d extending in a lateral S-

shape is formed at the distal end of the vertically



15 resist solution supply nozzle 4 by the operation of the negative
pressure of the suck back valve 8c, air around the distal end of the
nozzle 4 also is drawmn in the nozzle 4, a residue of the resist solution B
attached to the distal end of the nozzle 4 enters the nozzle 4, 20 thereby
causing clogging of the nozzle 4. In addition, the wafer Wis contam nated
by generation of particles .which are fl@& nred by dried resist, and the
yield may be decreased. In order to solve the above problem as shown in
25 FI G A4A the t hi ckness, of a rtion 4b near the opening is nade |arger
as conpar ed $6- A Yi2getett %T‘récﬁngpétlh’é‘l e TaelsesFetusération

suppl y nozzlsugpbldhabzzls, 4theThezzbek4tQﬁnprl§e§eﬁf§yhéadﬁé§§|tﬂbSta| end

portion 4b i hye d i apez id rtion 30 Ilomnng to this
cylindricalqggfqgf %ﬁd£%%r?§§ﬁ %%F%étea CE qyﬂgﬁ%y Rr%Y%P 2BY FhTout er
flange 4c iArgow detovndt hge cyuﬁmmﬁ(ﬁﬂdcpqn%nOQHUIpohE|nnzeiethe

openi ng of the regssnsehut hoRISUPR! Y 11072l &, LSQt@Seth psEMe ko a'f
drawi ng around the distal end of the nozzle 35 4 upon su bac

addi ti on, aé“%%%%%l?%sF¥%iC@@PrésgyhﬁmD%ﬁ%miﬂ%ra%b%FtﬁéﬂFl§ﬁ—4él@ﬁtend|ng
in a |ateralsippbhapeths for pedvaiddealistatoend ohet hesyeetiical |y 12

ext endi ng cy&d@grlggkﬁgakgkgﬂﬁ of, the. resgig%ﬁ%|%2%3880§rgﬁhé nozzle 4. The

suck-back i s perforned cént'er 4d, a'F‘ﬁereby
preventing atke d@%uﬁﬁgsalbun@ntﬁ@ﬂﬂkﬁeﬂubﬁuﬁ;xnirODWat1ngeoa¢bzlaz 5 As

shown jin FI Gaac5h hheihenpgbakuue %@&%@@E mﬁé‘m§85eégscgrfp[t'

tenperature a %ustnen “sol ution Qf (ﬁbihs 11 provid to surround the
respective OUtEFSRPRCHRE eFERPES 3 4 %@ﬂ?”%u%ﬁ@9~ﬂGBeSFD£ﬁd t he
resi st sol utpanhsuppl g tubeudatding Watp N3 pat bsid@d18ceachknhaving two ends
connect ed LochDgeiug 809R 90 1NRe WAL ARPIDD.L oTRe BLULE ALl TNt

sol ution sup
Eg the course of the circulating path 12, for keeping

15 a temperature 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. S5, 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, reépectively. As will be described
below with reference to FIG. &, 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 5z extending through the
lower surface of the spray hszad 5 is formed on the

35 bottom portion of each hole. Each through hole 5a
comprises an inclined middle portion Sb whose diameter

becomes larger downward, and a lower large-diameter



path 11, a circulating punp 13 provided to each cir- culating path 12, and
therno nodul es 14, each connected to the course of the circulating path
12, for keeping 15 a tenperature adjustment solution C (e.g., constant-
tenperature pure water) at a constant tenperature. The solvent A flow ng

t hrough the solvent supply tube 7 and £Re-resist solution B flow ng
through the resist solution supply tube 8 can be kept at a 20 constant

t emperat ure - ahout ,23C) by _the _tenperature adjustnment nmechani sms 10
havi ng t he g%gvgbharar“dngé*‘r%rjénlt)r?“%’(hn?‘—”ﬁthé:,“a(téhe“so“IW:é"ﬁJ‘tG stppty= nd22fE 3 and
the sol venElsgppliprauie &, swdfzhe odsitdti ssdlatdromstppdy. 2bnhsgzzhe 4 and
the resist gg L@N SR VY tabe e gntegrgld y. fornmed, respectively. As
will be desﬁriEEg'eg be:ég% Wi tﬁprerfgoe?éncg tono %ves%ay;ﬁiﬁ’e er? tRéy"Ere pre-
ferably sepafat 8PP VFordedNIFRESpr ay e ad 15.1dr ictistriaan kels by anst ai nl ess
30 steel oragkuninmwhntald ayh render thb shapedrhales W che o respeghi vgly
constitute &gﬁagar%; qfvggntggg; aths 15, .are formed in the upper portion
of the spray-hRead 5" “Each VeTi Tt t frodgit HE T 6% endf #SEhfough t he

| ower surfaeadof .t Isa spray: helty 5cos iferimed adn rdieb 835 bod treadpoeEi on of
each hole. Ea laugh hol £, 58,3 cQapRLiSes, An i ol ined nmddl e portion 5b
whose di ane e‘?wﬁzf?@; in%f%rga%vﬁ;!\gF&E zerd alc{t]ag]‘\/\/e{r}l“l%‘?%[g%?%l%%ter 13
portion Sc. “An°H Ch Nt d P24 BENEd A% theEdmmsrtend rauaf erenti al
surfate of phickeldover “por timnl iMB@Nmtike ] nazatesod a4 4 e ypupied on the
spray head {_having .4 ve arrangenent, the cylindrical nozzles 3 and 4
5 are inserﬁé %?ﬁgbddhngﬁgggﬁr%%gh‘ﬁ%ﬁe§J§én¥§1é%%@ﬁﬁ thePUgBpBRighd | ower
portions of tHife NCEgPR iV eamdzs| esn3exarmhd asubsieeddsd | yn conecal sea
menbers 16 made of-ryidiet bberesba anghad noyerdical. Lhr pugh. ol es

seal members 16 against ithe inclined inner circumferen-

15 tial surfaces of the middl

()]

portions 5b. 1In this

-

manner, the nozzle

n
w
o
o}
N
n

n re liguid-tightly mounted

on the spray head 5. As shown in TIG. 6, an O-ring 18
is interposed betweesn the upper surface of each middle

portion 5b and the upper portion of each seal member 16

4

20 so that water-tightness betwsen the contour path 15 and

the respective nozzles 3 and ¢ can be assured.

= =

A holding pin 19 extends on the upper surface of

the spray head 5 at one side. When a scanning arm 6a

holding the holding pin 1¢ is moved by the scanning

RN
o

mechanism 6 in X and Y (horizontal), ané z (vertical

n )
directions, the spray head 5, i.e., the sdlvent supply
'nozzle 3 and the resist solution supply nozzle 4 are
selectively moved betwesn an operation pesition above

er W and 2 waiting posi-

30 tion above a nozzle waitin o

four kinds of the spray heads 5 (F

in accordance with kinds c¢f the re

is, the four spray heads 5 are prepared at the nozz
waiting portion 20, and the i 1

g resist solution supply
35 nozzles ¢ of these spray heads 5 communicate with tanks
in which different resist solutions are contained,

respectively. In this ceas

(]

. only the resist solution



£ hrough which the nozzles 3 and 4 can extend are 10 packed in the inclined
m ddl e portions 5b, and thread nenbers 17 having vertical th=ough hol es

t hrough which the nozzles 3 and 4 can. extend are threaded in the

t hread- nrounted | ower portions Sc, thereby Dressing the seal nenbers 16
against the inclined inner circunferemr B8 tial surfaces of the middle
portions 5b. In this nmanner, the nozzles 3 and 4 are |iquid- tlghtly

nounted on the gprqﬁ head S, As ho%pciqé% , an Oring _8

i nt er posed BétR&en t zJu‘pper SuPF8de St ¢ iF?n%d*%rabo?FF8n55b3§ﬁd t he
upper port|cﬂh&ﬁsquﬁnseamoptmbaoztﬁ ZﬂxﬁaytmaimmmmEéatbghtneSﬁlbehmeen
the contour pat A5 0d;-LhE; LESREGT iV z 3. ssured. A
hol di ng pin 19 extends o% ﬁ § %% sjffggé%% nfﬁggg ég ﬁ % Yat one

si de. \Wen &%ﬁﬁﬂﬁﬁﬂga%%n¥%§ Sﬁéﬁmlﬁfé%% hol diagt Eﬁﬁm99°hsanﬁ&@daby t he
scanni iBg 25]ﬁﬁgbaﬂf5§®ﬁvéﬂtxsaﬂd‘V H@E&Zﬁﬁtﬁ|érﬂaﬂgngaéi9rhh%%bked

di rections, th % £Iyent sugg nozzle 3 and the
resi st sol utd d%p 9‘n%92?eaﬁea581§%1%t i vEPY) = BetWeR TaRSper at i on
position abdMEMI$ecb@mgrahDCbanucdrcumﬂn¢teom@®eruMéandrarwaltmn@bQQSI - 30
l'ion above qﬁﬂggzlg waLtl £t i.Qn i this-c four kinds .of the
spray heads (FTCi‘—Sé%rgedngoge da?%“aééb?dancggaf%ﬁsklﬁ&s BPPHREY esi st
sol uti ons. V%%I“O?% wihk Fobrespray Heuelkandar élprepared ehd waEsigedat

wai ti ng porta@fbrz@ln@ndothestmlr@te S0l okt i Béh—éup’@hM 85ynazxlies A :af, these
spray heads 0N tanks in_which different i st solutlons
are contalne(‘5 i ?ggpégslve CEQ 95t Hi°S B ase Oﬁf9efﬁéVFeEP§Fi§a ‘ution 14
supply nozzle 4 i%Sp$09WdednteI§ach Spriag beadeSs amdseflhe sompntsesuppl y
nozzle 3 mays b@yﬂDH@L@QaQH ohke diiale epd QurEBGnagﬁBmt@l% YLBHa ¢ n

advance to q$ conmo X
d by the spin chuck 2, and an annular inner vessel 14

15 positioned near the lower surface of the wa

h

f=
=

W and

= e

having & norizontal piece 1b and a cylindrical wall 1c.

An exhaust port le and & liguid discharge port 1f are
provided to the bottom portion of the outer vessel 1la.
=

= - .

An.exhaust pipe 21 connected to a suction means, e.g., a
20 vacuum pump (not shown), 1s connected to the exhaust
port ie, and a liquid discharge.pipe 22 is connected to
the liquid discharge port 1f. _
As shown in FIG. 2, a rinse=solﬁtion supply nozzle
23 is’ provided to a2 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 @z 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 Ww.

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



used for all the spray heads 5. Furthernore, a plura 5 lity of sol vent :
supply nozzles 3 are linearly disposed, and the solvents are supplied from
a plurality of por- tions along the radial direction of the wafer. In this
case, different outlet dianmeters of nozzles are provided to cope with

di fferent discharge flow rates and changéd-10 according to di scharge flow
rate, thereby arbitrarily controlling discharge fromthe respective
nozzles. As shown in FIG. 1, the process _vessel 1 conprises_ a cylindrical
outer vessel |a SuFFBITGITE thet Wafer SW-ShBF@ VB She & R aFeiekS2P-and an
annul ar i nnepreésgelaznd (IS Ppositwoned Beathtike Meawey, stid aceref whe wafer W
and -having,a;heri;zontal,Hs¢ce a.cylindrical _wall lc. _An exhaust
port le and‘.qglll :un"%d udi*soq ar g,eal'lf)%r?ngfl%égée“pr"dvciﬁde“d 13- The"Bbt tBm portion
of the out eESvESYERL |0R I, Sexhb@BRIpI peinl cturmkect du t® @oSVEYi on nmeans,
e.g., 8 20 WReUURARUERLROL, SN e; gl %neogﬁ%fé&d%éﬁ hhe-gxhayst port Ie,
and a liquid discharge pipe 22 is connected to the |iquid discharge port
1f. As showTHTXFIFGPY VartiRsE S bl B8 ¢RTSUEPI YR atdy ZP@S < PBORERT hr ovi ded t O
a side opposingHic tdtenozrdeyvatstsg 2% pesidd ah wthyrespeeiito the spin
chuck 2. The.rj.nse .saql ytian, s y,.nozzle 23 is also provided to one end
portion of %'r%\%‘l ﬁgo ?r:e”g ’an"l"*s“r'#gﬁjtfbP“’\%hoi'*calol"y %\ﬁ%*ga “3hdepi vBYPAg t he

ri nse sol ut s@FesupplanIoZreew28n Fheu thBwiong arecemd smpR4 cett eatstkrom t he

process vessalonk13Qghud Nt NOS o SHRAP! ¥iRG, %o&in}?w_e :3&4_&%5,88&1139 eBlvots and
a

noves downward the rinse solutioh supply nozzle 23 waiting ove to supply
the rinse sdl"@%h RS-1H: PRPEphir 2Pttt i%orP &t EBR. waf @r - WOFRe procedure
of form ng &icesilstsgeddn by, sbe B8bmgoalimigapnesedssihavEsg kheuabave

arrangenment w14 he deseribedywith reference tqg a flowchart of FIG 7,
using an 8" wafer, G g, . eC (STep Q%. Qbu_lng or belore
this rotation, 1.0 cc of methyl-3-methoxypropionate

15 (MM?) as the solvent A& of the coating solution is
supplied (dropped) on the center of the wafer surface
within, e.g., 0.5 sec from the solvent supply nozzle 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 € (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).
During 6.0 sec, in order to suppress an average

variation between ai

Fh
[{)]
[
®
=}
ch
£
o
(i1
®
B

s W (variation in
average Ifilm 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 aboui 1,000 to
2,000 rpm, e.g., 1,500 rpm) (step 2a). Thereafter, the
spin chuck 2 is preferably rotated at a higher spesd

(range between about 2,000 tc 4,000 rpm, e.g., rota-
tional  rpm) than normal rotationzl speesd

sing to control the film
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the peripheral portion of the wafer W



45 A centering structure is provided to a wafer sup- porting arm (not

shown) By this neans,
waf er carrier
{not shown), and held and supported by
(prelimnary positioning)
still state (O rnp) mﬁthout
bet ween about 50@,.to.!

nornal rotational speed

rotation,

0, £ pm

Trange

In this statldnary state,

P90 tota 10 tiona
%%fmgen “abéi 500

one wafer W which is unl oaded and positioned froma
is noved on the stationary spin chuck 2 by a convey 5 arm

the spin chuck 2 by vacuum suction

the wafer Wis in a

is rotated at | ower speed (range
%speed .1, 000rom than

FEpm e. g.

or

rota- tionaFPspe&dC ZPH00 rPH)sS duFi RS Gmeﬁess4rwﬁfaﬂswﬁmmnbﬁ.amo 3 sec,

€.g.
nethyl 3- nethox Qplonat

as
sol ution i sS™SSpIFEd

ot on
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35 (2,500 rpn) upon processing to control the filmthickness of the

peri pheral portion of the wafer W (step 2b). - 16 The rotational speed
of the wafer Wis reduced to 1,500 rpm This is because it is assured by
an experinment that unevenness of the resist filns occurs anong the coated
waf ers Wwhen rotational speed is 5 not ir’educed, and this unevenness is to
be prevented. The rotational speed of the wafer W_s equal to the

rot ati onal pea%L(r tati.onal speed: 2,900 égglqdu;LL resist supply (to be
described b&l owf  after (He" st ep' s of “BRppr 655 Ty The- T eF ageSvarPation. This
i s because t@ont aing d9sunsek dyiamabxpecatendt tited wdisrratat beral speed is
effective te.s il ize t; i £58+ f." dhe . resis L km -and _t he
effective s?éb%?ﬁ_af%ghj?g %%ﬁﬁga'é%hgﬁ%éég'&k@%Ji%eé%;%égéé ﬁgVé el apsed
in the stepS2LlV&Ad  150F SHPYRAt CPNAMGICTOrFRRl 97t t he BaEtacdidt t he waf er
(before therfseliventspedd off i €6}, rebeswafRil Wisn rot atgd waketheirot ati onal
speed in the range between about. . 2,500 and 3,500 rpm_e.g., 2,900 rum and
1.5 cc of tHE Coatihg Forutidh, “8gS° WTeﬁ%t‘%gkutPEanS&rsé 20-+m
suppl i ed (dhepped) & romidwenresisknsslsutdan seuppdymedozzl e 4ma@ilt he central
portion: of ol vent_filmor- the wafer surface within 3.5 sec (step 3).
The tinme mﬁ%ﬁﬁﬁ'écﬁbp%éif%ﬁ\%é’ﬁf?gﬁ'can be obtained by an experiment in
advance. For exadpl &nsufphe Pht EFFBr énce!?S e hyessapplyi soaldlye checked on
the suofacerefuheaaiercndVwhheisyr faes: ©f od heanaf ene Wbs sRQtodni ed, and
if the interference firinges a ? not seen, éh@ suyrface is dried, . thereby
knowi ng t he >38FF of° dryihg Thihl's *CasE it SUppt yOPi FB™f dPCF™sec is the
drive tine ootudte dre] |onwsr8apanpt8dor el sscdivtdedsiynt oatiteexdrive ri se
time TDL, thedno{dmb-sebye time TDehand; they doive fall tiee SR ens

supply nozzle 23 is moved above the peripheral edge

1
u

portion of the waier W, and a solvent for resist is
supplied for, e.g., 9.0 sec to dissolve and remove a
residual resist solution on the peripheral portion of
the wafer W, while the rotational speed of the wafer W
is kept at 2,500 rpm. In addition, the solvent for

20 resist is sprayed from a back cleaning nozzle (not
shown) to the lower surface of the wafer W to remove

"the resist solution attached t¢

(o]
Hh

the lower surface o
the wafer W (step 5), theréby finishing the coating
operation.

25 The coating app tus having the above arrangement
according to the pre ntion is singly used as

a

ent inv
a the semiconductor wafer
a2

a
S

2 resist coating appa
Ipo

W, and can be inco:

As shown in FIG. 8§, & resist coating/developing
S

w
m

apparatus 40 comprises a carrier station 30 at one end.

2 plurality (e.g., four) of cassettes 31 for containing,

e.g., a large number of semiconductor wafers W &s

()



By this arrangenent, the respective tines (nunber of
i ndependently controlled, and the supply anount of
be accurately 35 minutely controlled. The rotational
step 3 need not be set higher than that in step 2,

equal to or |ower than that
of the resist solu- tion and the rotational speed of
ferably set in consideration of drying speed of the

in step --178 2. At this tineg,

cycl e steps) can be
the resist solution can
speed of the wafer in
but al so nmay be set
the supply speed
the wafer are pre-
sol vent. The above

condi tions &r @TESESSIWat'@r ¥ GaRuBPoRmcspaed dfn ties resrstesosust on on
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W and

can be | nhcorporated

coating apparatus of the sen%cgggu%%%r

for use in dTesi <t coHtiHyt

~eaning the wafer W by high-
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20

30

‘units sideways these units

pressure jet water are parallely disposed on the carrier

'station 30 side, and two developing units <4le are

parallely disposed and two heating units 41b adjacent

to these units are stacked on

the opposite side of the
transfer path of the main arm, 2ll of which Serve as
process ‘stations.

Cn

adhesion process

The side of the above process mechanism

4]

, an
unit 4la for hydrophobically tfreating

W before a photoresist is coated
on the wafer W is provided through a connection unit 35,

the semiconductor wafer

and a cooling unit 41c is disposed under the adhesion

process unit 4la. Heating unit 41b are disposed to be
stacked in two arrays each consisting the two heating -
1a and 4lc.

Two resist coating apparatuses 418 for cozting the
photoresist solution on the semiconductor wafer W are
S side of the heating
Ss unit <4a, the like

An

and
ose the transier path of the main arm 42.
exposing unit (not shown) for exposing z predetermined

micropatiern on the i the like are pro-
414d.

paratus having

nd
vided sideways appar
In

the above

tu

1]

g oW

th
the resist g a
arrange a

 wafer W to be



devel opi ng apparatus of the sem conductor wafer W(to be .30 descri bed

bel ow). The structure of the resist coating/ devel oping apparatus in which
the coating apparatus of the above enbodinment is incorporated will be
described below. As shown in FIG 8, a resist coating/devel oping 35
apparatus 40 conprises a carrier stationgQ at one end. A plurality (e.g.,
four) of cassettes 31 for containing, e.g., a |arge nunber of

sem conductor wafers Was - is a processing target can be nmounted in the
carrier stacodted 3 pirkadxibi drpmarthaddnir | eagdingtusboagdi reeand

posi ti oni ng 1Sem.conduct or wat en j ; ovi ded.on the central portion
of the carﬂ%gyzﬁigg%wtéo.“ghfﬁ %r%gggfiézﬁ%fiﬁ%§?ae “t8%0BeSHovabl e at the
central port3h6n GFe tHe-oF e¥i 8P &bt iavgtideast wpi g appasates d4@nidn ddre-

l'ongi tudi - wegledigecihomand een’ @eeis@nidie: s£Mm gopduehar wafers W from

t he au>gi liary arm33. The varioqus types 'of%ger ocess nechanrsns are di sposed
on thetwo STUE¥ LT ansferC16 Fat R P 1 aY nPEPRESE24 - Mplde pPro-
particul ar | ysesmed heser processiony siyechant sivss @abhruskmserubberi rd1farfor

cleaning the j cohduct or wafer. \Why bushing and a high-pressure _jet
cl eani ng uni't ﬁlc_ for clear i?\r%%“t he ‘\KﬁT“e‘r Wb@rghi‘ﬁﬁ- aBFégéﬁ‘ré( &t water are
paral | el y dilSposRy orPRhesEARE &he D5 aterd ong 30pstdeioanddenna opifey Units
41e are parallely disposed and two heating units 41b adjacent to these
uni tsl%re stackedr on .trpjeq oggosi te side of the transfer path of the nain
arm all of which ¥erVati8%SpPulfls & StRAY s . & JDOEAT REMSi @6 Tginganebove
process mechwd svesn adeadhédedn processciun tpAdasfermhyidsopheRi-caldy
treating the,semdeppductor wafer Wbhefore a photgresist is coated on the
wafer Wis provided. throu h a g_onne"ctj or(lr)l“ u‘n%‘%S,_goéHdlgncdc?lri gUnit 4lc
i s di sposed IHRRY1¢hetadRhBSI HRIES P dressupply 20autheat opgnatitont My ar e
di sposed to éapansion and coniraction of the besllows through the
15 ball screw 8k driven by the stepping motor 8h. However,
a diaphragm may be used instead of the bellows. In
addition, a linear motor may be used for linearly

-movement instead of the stepping mot
1

drive may be used. Still further, an electronic air
20 pump for electricelly controlling an air cylinder may
be used.

=

Since the temperatutes 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

s
30 berature is high. However, according to this system
i

that the resist solution is supplied afier 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 & change in cooling temperature
35 In addition, conventionally, the thickness of the resist
film is thin at the central portion of the processing

c
target and is thick at the peripheral portion of the



stacked in two arrays each consisting the two heating units sideways these
units 4la and 41c. Two resist coating apparatuses 41d for coating the

‘phot oresi st solution on the sem conductor wafer Ware 30 parallely

di sposed on the opposite side of the heating units 41b, the adhesion
process unit 4la, and the like to interymose the transfer path of the main
arm42. An exposing unit (not shown) for exposing a predetern ned
mcropattern on the resist film and the |ike are pro- 35 vided sideways
the resist ®EFRAAGHFdppararastquden| thehd amgsssdtcoat ingl devehepiorg-

appar at us hawsg nd hee above; ar paggemanty : 1an r@ﬁé‘séﬁgn&@f er, Wta ke - 19
coated is picked uj fromthe waf ér carrier 32" y the auxrliary Ar 1 of a
| oadi ng/ unl GENAFRF Freehani sSHPYEKET t 8 SRFET IR oF t HelausyFEamy tash 3he s
hel d and comesveytedsdluthenmasnsapplddsegtent | ahd YsbovEbRe PLOGESS &)
mechani_sns 41fﬂ to 4le.. al % properly Erocessed. The pro-. cessed wafer Wi's
conveyed by The el h-ar nr42-4gal n, and “'St of'ed®F n°¥RB- WAPEF c&AH 6182 by
the auxili ampnigran@3;hicheeebyofonpleetiany sherf priocessi bg eperatiecan of the

wafer w.  1QcHhe el bews @ug};}?gg Qaul%@r%p; pyppsarcangenent  has been
0

descri bed, in which a predeterm ned anount thé resis olrﬁ’thleon B'9n the

resi st sol utiiFtlank is supplied to the wafer Wby supply sol ution

oper ation by expﬁmst@é apdveorhbactinh©f the bellLgusnbhrough it he,Jd5 ball

screw,8k dr|v t he s;ep i.n | Tot.or, 8h, ver, . a diaphragm may be used
i nst ead of tsne \f:)e T oWePPT B 5% i on," % ‘I?ﬁﬁgg ot OP Snay he &SEF for
li nearly nmrefr@@walhsteaahofthﬁhéuslpégplm@zmoa hasdbacheblesdiriineed may be

used. Still rﬁﬁgtfp,_e,ran BmehecCt 1eRiG Al I 20 puop, f ot egtrically controlling
an air cylinder %e used. Since the tenper aéﬁrggéofkt lhcg $ol ven‘f and the
tne so vent supply nozzle 3 may be provided integrally

with the rinse solution supply nozzle 23 to supply the

15 solvent as shown in FIGS. 9 and 10.
In this example, the common temperature adjustment

mechanism 10 is disposed in the suppl

solvent and the supply path of the re
e scanning
20 mechanism 6 are integreally formed, a emoe:aturc adjust-

ment solution supply path 10z is formed in the spray

head 5 and the scanning arm 62, and the solvent

supply tube 7 and the resist solution supply fube 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 ‘2 and the resist solution B.

By this arrangement, the structure of the temperature
adjustment mechanism 10 can be simplified, and the tem-
peratures of the solvent 2 andé the resis

'1

T solution B can
30 be kept egual 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

w
U

In the example shown in FIG. 11, the solvent supply

nozzle 3 1s disposed coaxially with the resist solution

supply nozzle 4 around the outer circumference of the



resist solution are controlled by the tenperature adjustnent nechani sm 10,
the thickness variation of 25 the resist filmcan be reduced. According to
the con- ventional drawback, by a change -Jr. cooling tenperature, the
resist filmthickness is -hi n at- the central portion of the processing
target and is thick at the peripheral —pprtion 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 invesitpplgonbieirs in arrrexpmswtm@bmhabﬂtbapbmbf eopA czkness of
the resist f can aght ai e - of _a_chan in coaling tenperature
35 I'n addltl%#@1cgnvgggroﬁals %g%%ésﬁ% e s”8?sfﬁg rgSISFO%é%%nq%PThIn
at the cent rafrpeFeren éﬂdtﬁ@epﬂdéess+n@ndtargeh°aﬁa ventthisclprEty t he
peripheral pesti0a of ekhend@ WRGRSH ngotggg%meemhtalﬂeJnmsatyre i nsi de
the pro: cessing vessel is high, simlar to the chance in coo
terrpera% ure. %\AB%F“?CCEP&M&%TW% SyBPei NPRAL et e Phésl%t”%fﬂ%:tl on
i's supplled aft eputhe ,saheenti Stslcaat@do s S—bbesggegaﬁtgﬂpﬁﬂucnoizmélfns in
an experime h he. punifar.mthjckness of .the resist |Imc
obt ai ned d&p#tg&o% (r:lﬁar?awl r%“twerrpe‘rggt ugg i Rsi §8% ﬁesmﬁoteesrgern‘b' vessel .
In the abovet@ﬁbéﬁpﬁéﬁtnokﬁ fark.amgerent fhanetheayl®esalheritesupply nozzle
is formed in:thgasprayyhead S ~dantegralbl t.h UpRl.Y, nozzl g 4 has
been d1[§cr| bed. .. The arrangerrent ovvev%% M| \évbnotsag?) R EI%ZZ Q:EO & n% And  the
sol vent® suppP§ R&FPPE=S ﬁﬁysﬂé“pr“ﬁ"\n RALVREEGFEPRYY Wi Otzﬁltﬁweﬁﬂ nse sol ution
supply nozzle 23 te supphy ithe'Ib sof yeat mashshowh ihafl e G-andd0. In
this exanmpl egthe; ‘ e, adj ust. mechani sm.10 is sposed
in the supply %gt gp@?ﬁg&”& vzgztn’tq;r andgkg gﬁpﬁlo VELth SOFPRIRE DT 5E
sol uti on. Théf§pPa9~ﬁ§aélG»ar¥U tﬁeﬂ%caﬁnﬁngnapmﬁ& tofpattie &xrafmi nghese

nozzles is commonly used may be employed.

=
n

As shown in FIG. 13, the distal end of the solvent

ot

supply nozzle 3 is inserted into the solvent in an annu-
lar solven:t storage tank 62 formed inside the spray head
S and having an outlet por%i 61 at the center, and the

distal end of the resist

ct
43
oy

solution supply nozzle ¢ is
e

20 positioned upper portion inside the tank 62 to
4

a e

expose the distal end oif the nozzle in & gasified
solvent atmosphere. In this manner, since the distal
end of the solvent supply nozzle 3 is disposed at the
outer circumference of the distal end of
25 solution supply nozzle ¢4, the resist attached to the

z
resist solution supply nozzle

>

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

a2 case tha:t a body on which & coatin

!
formed does not nhave @ disk-like shape

W
n
H
o
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3
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20 mechanism 6 are integrally formed, a tenperature adjust- nent sol ution
supply path 10a is fornmed in the spray head 5 and the scanning arm 6a, and
t he solvent supply tube 7 and the resist solution supply tube B are

di sposed in this supply path 10a, so that the sane 25 tenperature

adj ustment solution C can adjust the tem peratures of the solvent A and the
resist solution B. By this arrangenent; ihe structure of the tenperature
adj ust mrent mechani sm 10 can be sinplified, and the tem peratures of the
solvent A and the resist solution B can 30 be kept equal to each other.
The arrangenghstahdestr aét the ooztzie shriay threancBed andtbhe pdrzlads tare not

limted to th@.ﬁb(,)v?_oﬁ)f mple oo rANG e $pERYs headn91and thenozzles may be
di sposed, as . s OMT in FILGS "11 to 13. 35 In_the exanple shown in FI'G 11,
the solvent SBRpFYLVABZzEE §YPPIdisSho<RdkDak?er | ORFERNEhE Y &diest sol uti on
supply nozzl eadeatouad t beedetrerslsi r citnd o5 emeen Ohe o2t 1lesuppl v f20zzl e 4.

The resist sol uti supply | e 4 _and-t he solvent supp nozzl e
constit%te a&ﬁ%% ?%dpfgecg§?%%%¥ﬁ¥%,dﬁﬁdL?%% arstEf Sefd 6%%th§9ﬁﬂ_

supply nozzfém3laxt €Ade dowmPmarsiaso-bhaté oderresdpactheediyst alTi® end of the

resist sol utsgn,sHRPL¥% %Qé?le_e‘li- A t%ém&éPfes%nﬁwgsgostib&qoqiét end of
t he sol vent sagphg nozzl e may be at the sane | evel” as that_of the distal
p

end of the § 248281 1405 Wi f P RREC HayC bBNEhEEREEE O t¥hati vel vy,
the resi st sslbsteatsuppky rnoezlsame Maymd0 bendtBpesedn@ulrsi dardrhe Sol vent

suppl y, pozzl ¢, 3. s L, ETC.. .8 echapi.sm t hat the resi.sf _.solution
supplylﬁozzlehé gﬁgsfﬁgwgor%éﬁé%ﬁé$#§“%ggz?é‘guSéPg Bﬁaég' §?ﬁ¥ %Fside,

and an out| eE2poPe B@dEoMNtifesE Yozz| esrtsicodmonkg .used may be enpl oyed.

15 As shown in FT@xamblds diher sietnsadoof rbbgisgl wentes SUPp M Hozzle 3

is inserted in he .sol vent jn an annu-
WLRE %e describe wf%. regerence to experiments.

Experiment 1

15 For example, methylmethoxypropionate (MMP) is used
as a solvent A, and a discharge amount is determined
in accordance with a degree of unevenness (the upper
surface of a wafer or 2 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



{ar solvent storage tank 62 forned inside the spray head 5 and having an

outlet port 61 at

the center, and the distal end of

the resist solution

supply nozzle 4 is 20 positioned at the upper portion inside the tank 62 to
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end of the nozzle 4 in a gasified
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t hi s manner,

since the distal
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the discharge time of the

lationship between

shown in FIG. 16.

-

In Experiment 1 resist solution B ‘had ths
discharge amount of |
the

h
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Experinment 1 15 For exanpl e, nethyl nethoxypropionate (MW) is used as a
solvent A, and a discharge anount is determ ned in accordance with a degree
of unevenness (the upper surface of a wafer or a filmforned on the wafer
fs flat or uneven or has a stepped portion). In general, 20 the discharge
anount for an uneven surface is set |ardgfer-than that for a flat surface.
For exanple, the discharge anount for the uneven surface is 0.7 cc, and
t he di schar%e ahount f&é he flat surface {s 0,9 cc. 25 In this exanple
0.7 cc of th& 8 ent? ~dr 6fp&d TOF tHRLRent r aF epBrerasofon e sur f ace
of an 8" wafugreWdn vut Bacetating the wafer Wat a rot at| onal speed of
1,000 rpm there di sLQ e salyvent 4l ong

ci rcunferenti al g’?/rec%lign rql%?ﬁl’s né?a\flfﬁg %‘t gfe, °6O§ cdocfp a-1%si st
sol uti on wercedropperic rehonhe foamter @Iumteon ok bhe Mdaftewaldrefore t he
sol vents A qmiihe »V@ighM\éW%@ladu;e%v iweaty £ §gc af tbgr 1dropRiNg, - t he

sol vent A. The_ resi st sol ut| B was dropped whil éroppl ng

(di scharge) tiH arkd™t heFof v| Gridi* "’sque%g thg §pl f’ﬁebm@f]-@rn’é\/vtd‘tﬁl"r@f%md

af t er droppwng.me:czeepbepeblme adhangettt Resul t snakeishewtddidd Gtdde, The

ordinate in esents a diffe ence (thlcknessvrlatl 23
range) bet weenzl a tesi sthEl ?Dm p%rt i‘on ai\[‘n hg— 4 - MExi ﬁufﬂ“ﬁn%ﬁﬁ% 5'

resi st fil mpw t3ONChavi B§TE Wmiqfumhehvekaesy, Dam@*@he:r@bmlsxsanu J-

represents tdre #ot ayhonal w sda&_,e@vqfoé he; waf er ;W .3 As (ﬁeo B@genaefrom

FIG 15, the_ thickness varl ations beCfrre M ni mum wit h| nt ctive

dr oppi ng ti TR  F° b - as TSralieSHS 5L oF 1PRsE Wénqq?@%%&fm:b% theme of

a resist soldtoomiBowas i heser )al"tdi_riﬂéleahﬁt ahet ireRal ispead Hlesthe wafer w,

nas gth?O; Pl therdLsenates oD 4idme: oLL8 L83liely SR I B ey 2. 0 sec
changed. Results are shown in TIG. 17.
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15 As can be apparent from FIG. 17, the thic
v
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variations became minimum within the respective

times to be as smzll as 504 or less when the &i

(0]

a2 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 se
tional speed of the wafer W was 3,000 rom
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.

8]
m

0 s
and the rotational speed of the wafer W was 6,000 rpm.

4
Judging from this experiment, it is found that

| =

having a uniform thickness can be formed by pro
selecting the rotational spesd of the wafer W in
accordance with the discharge time of the resist solu-
30 Tion.
ging from both the experiments, the solvent 2
e

vafer W, the wafer W
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tional speed of the wafer Wwas 3,500 rpm the discharge .tinme of the
resist solution Bwas .0 sec and the rota- tional speed of the wafer Wwas
4,500 rpm and the discharge tinme of the resist solution B was 0.7 sec and
15 the rotational speed of the wafer Wwas 5,000 rpm In this case, the
resist filnms formed on the wafers wer& Z4miform Judging fromthis
experinent, it is found that a filmhaving a uniformthickness can be

formed by ropesly seJ,ect h rotatlo peed of the fer W20 in
accor dance \I%l ‘th the Wi schaérlg% EI ?n% 0 rzEfr’jles%“éptm I%ﬁbﬂg\ﬂ?hetlm
rel ati onshi g Soet weerk thesdi séhar ge t8i”rreva16tme grot at i @mad 3péedecaddrt he

di scharge flow raterds, shown-bpaEhGe 16 _r[ w@p@! iyt he #gsi st
solution B had. the 25 di scharge_anount of %—bvé%erne le s found t hat

the same ef f&ctCas ﬂ%sc??%%ﬁ“abﬁvésc%rlifé]t)btié} n%?ﬁi/\héﬁn t ResdWeEiedr He
anount sof tmsrfﬁﬁéiOSOéUtEOﬁ Bakseselid€s SbimtbAaD §6obar (3 fooat @prface
and 1.0 to 3.0 L &6 f for a _stepped surface?ﬁa %Eci@e””em 2 For ex

t

ethyl cell osol V& acet at @ (ECAJ of S et hyd* Gropi 6n3P8 (:HIWP)C{IE dused as

a solvent A6" anaffer di schhegelfameuntilis ot &3 Tielni haatogr dancd fartth  a

degree of ungyghness. g:gpuggngoEg.}gO, & 2ee of  the 33+ sghge(}t Are dropped
or a flat surface and 0.3 cc of the soTvent are dro on an uneven
sur f ace. |"i‘fb‘3‘ M)anoaﬁ EEOBA Y v sot et FaCPJeUEh‘t@’f)pﬁé"‘@nCa’tmf bt - 24

sur f aae, andﬂé}:ﬁemo@f t’mawsoL\ze@ts.am%@Ed)pﬁe@Ir Ofin@B tHBeverigw face. In

t hi | | d-op, th tral _port f th
urface of S BT H Bt wal o W U5 T TOLHLY ny ¢ WO alf oE i SC1 1t 41 onal

speed of 1,D00pPed ‘Phéﬂél@?»@l ﬁﬁ@sﬂmg-ml%?‘-@oﬁ/@nt n.h.éongntr.hrervan‘oe:r‘lle n
the periphergt dheeghian. wl Rt Ring rial hRgr 81 al&ye portion (i.e., the '
resist solution B resaches a poriion immediately before
15 the solvent film gradually drying from the central por-
tion to the peripheral edge portion dries), the solvent
A and the resist solution B contaci in 2 uniform ratio
with good wettability.
~Other coating apparatuses will bs described with
20 reference to FIGS. 18 tc 20. The same ref n

25 that the r
A atmosphere. For this reason, 2 process vessel 1 has
a sealed structure, and a saturation atmosphere of the
solvent A is constituted inside the ssaled process
vessel 1.

-

30 The main portion of the process vessel 1 is consti-
1l 306, an inner vessel 31, and e

tuted by an outer vesse

cover member 32. The upper surrounding portion of the



0.2 to 0.3 cc of the resist solution B were dropped on the central portion
of the wafer" Whbefore the solvent A 10 on the wafer Wwas dried, i.e., 2
sec after dropping the solvent A The resist solution B was dropped whi | e
the dropping (discharge) time and the rotational speeds of the wafer W
during and after dropping were properly ehanged. Results are shown in FIG
17. 15 As can be apparent fromFIG 17, the thickness variations becane
mnimumw thin the respective dropping tines to be as small as 50A or |ess
when t he di schar g&hst iovesof wesesi st osabutniras B m&ﬂﬁ@eccgpdo@b@rrot a-
tional speed,@f e waf er e .di scharg O tinme_of the
resi st solut;}%r?StlgIl H%aq Dé%g%i % QﬁéLPo a b%bngﬁ sﬁ%% the® vaP ! Wwas
3,000 rpm tRE&WFKschargé aidwl sRArhealedioyadel waldn Blwarsodnﬁeéetoand t he
rotational speed dﬁf—dﬂ&é@@r Ma Yas 89008 ol=pmo q;gdvtg}e\-rlﬂgsch% €a ,hige of
the resist sqlution | ]]r nsgc 25 and the rotational spee e waf er
Wwas 6000 rpm "X g'lvngwaf om Y Ri §2BxF&r Vet ity é“‘?‘b%dbit’hét"%rfl | m
havi ng a uni ftéaaitih ckwesss canmbenbor sedwby, priaperdaspset eebi peet berer
rotational speedaf the \%Cﬁy YLn accordance with the discharge tinme of
the resist solu- 30 pion dging fromboth the experinents, the solvent A
i s dropped on the’stade 0fCEhevadfed W exdtengsf em Whesumoeatmd*aaﬁa
predet er mi nedfr ¢t afdod @@e@doﬁe3gc,1pLJMg)reﬁgp @g%g essolvept F. is

di ffus% over L.h_eo 35 entire %Jpger surface off' the The T esi st

sol ution B i £% ShAYed Bh naf 8r e\ﬁﬁ’rﬁodrvpr-éde'ﬂé? ni’%edaa@m%l‘ﬁt 2§0.6 to
0.9 cc for aﬁCE%XMﬂQﬁ ame9dr2 501251id0.3 PoKaudin dfdgr&ef95L§L
predet er m neg Jpeid,0 (ﬁ i ; ste 2+ sec for .an 8" r and .0to
2.5 sec for a 6"€Iwg3 fer)” %n@a%]%g? ance V\nth%t“he'asol'ze of Th OV\%\F%’?“‘ efore
the sol vent R4 dled g HREFt PBA, CfhehRafeerl iwdrical wall 31b

through a bearing 314, and connected to the spin chuck 2

15 to be rotated. An annular solvent reservoir chnannel 31f
whose upper surface is open is formed at the peripheral
edge portion of the rotary member 3le, and the sclvent
A is stored in the solvent reservoir channel 31f. A

cylindrical vertical wail 31¢ 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 liguid 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-tigntly contacts the rotary member
3ie through a seal membsr 22¢, e.g., an Oéring, provided

30 <0 the inner circumferentizl surface of the opening at

-

the lower portion. 1In this contact s:tate, an enclosed

=]
=
F=
s

T
space 35 is deiined, and the rotational force

wm

tw

rotary member 2le is transmitiad to the cover member 32.
The cover member 32 is vertlcally 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



-5 is rotated at a predeterm ned rotational speed (5,000 to 1,000 rpmfor
an 6" wafer, and 6,000 to 2,000 rpmfor a 6" wafer). Therefore, the resist
filmhaving a uniform thickness can be forned on the surface of the wafer.
I'n addition, an anount of resist solutiop,used can be 10 decreased. This
is estimated that since the resist solution Bis diffused to follow drying
of the solvent A dropped in advance and diffused fromthe central portion
of the wafer pbvadthe tperdpheradteslpe pegetaB ( igh e s&sdStpsalbution B
reaches a pogtiong ately ore, 15 the saqlvent fl-4imgradually drying
fromthe cenlt%%al grg]-T%gllchrT %hgen fi pR2PaF “ed\ g‘g‘ orHHIE o7 €59, 2t he
solvent A aﬁ@‘t\'ﬁétr ésllDétlysﬂt‘m*ﬁ oh3 BareOntacesiis @ uwdlor 4t i ®2 whihhgood
wettability. «Qkbal €@atd aDlar at uses ake descer] bed wit reference
to FI GS 18 to 20. T%e sadgr}rle r ef eféenie D}l’%ﬁurlsnl;raa |'s as |nrpctghey\%pr%F% usErn
FIGS. 1°and S°8BRGLEY stbst atft+4fty tHEPSHME Upar tad e t¥es toat $agution -
aDDar at uses, sua)mlva taetaaid ed mesctépt E anthberepfe Wddnhe- o t1gdy-The

appar at us shg EIG HgS%gj Qnstltuted such 25 that the resist coating
met hod i s per ina solvent A atnosphere. For this reason, a process
vessel 1 has a séal édsstrart ne, 2ppdratsat beatiron tatémes:pdneéeaﬁf:ahbe—

sol vent A |smegmsthhu&erhgs¢geV$ﬁ§ seaked. Proce ﬁj Messely Jon 3 OrIF% mai n
portlog of the .process vessel 1 consti - tuted y an outer vesse 30, an
i nner v8ssel V31" RG-S kover - eF182COTRE GRS BU? oL hESPBE t L8R of
the outer vesdelend0 isurs ;masoasnadeand and @&rt&%ﬁi@@'é?{mﬁ@iéﬁerlh@f' nner
vessel 31 consti t.uk :he, bot t o po I|on of .the Drocess vessel 1. The
cover nenberQ§2 EEBSE?%n tﬁ%ﬁogénlég g? & o5 p%ﬁtT%nfﬁseghéDéﬁrer
vessel 30. 255 Phe 6\t &r Qf'e%%%l cRamesipr i ses taicyldTdesplakreut er resist

film is formed on the wafer according to the above

1—
wn

metnod. More specifically, the solvent A is dropped

on the wafer W to form z film of the solvent A on the

wafer W while the enclosed space 35 is filled with the
te 1

saturated so

<
o
3
ct
o

Before the solvent A is dried, a
resist solution B is supplied to the wa

20 termined rotational s

'1

2d of the wafer

- g
{)]

mined period of

[
3

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
solvent atmosphere using this appareatus, drying of the

25 solvent after coating can be suppressed, and unifo

of the film thickness can be further achieved.

In the apove description, the solvent reservoir

channel 31f is provided on the rotary member 3le of the

3
inner vessel 31, and the solvent A is stored in this

1
30 channel 31f, so that the saturation atmosphere of the
'solvent is rezlized

}_l

nside 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



vessel main body 30a surrounding the wafer Won a spin chuck 2, and a
cylindrical novable wall 30b nounted to the outer vessel nmain body 30a to
be vertically novable. 5 The novable wall 30b can be vertically noved by a
Ver- tically noving arm (not shown) with respect to the outer vessel main
body 30a. A cylindrical wall 31b extendsz®n-the upoer surface of a bottom
portion 3la in the inner vessel 31. The 10 bottom portion 3la is preferably
i nclined outward SO as to exhaust a waste sol ution. A doughnut-like rotary
menber 3le |9 Wi SPOLRUTt B-BESPOFALABIES 1 FE a-Ror FREACERS BPARE &5 t he upper
end of. the cyI|ndmecapomabkuglhhomhfou@hwﬁubeaslmg dddsardeennacded to
the spin ch 15t gsto e annu solvent reservaoir channel 31f
whose upper éﬁ?gacg |g g & %@grgrﬁﬁén fn?ﬁ *DePPPhEFEFY &lgé prAiTit of
the rotary ﬁbn%%$usﬁeau@ﬁépmﬁéESolEént Tt ssrseeped ithet beosalseent
reservoj r chanael 31f n=4 cyldndia el -yertical wal b %}gsgé&%%q§1dqﬁgmard
under the 20 solvent reservoir channel 31f  of the rotary me and a’
plurality Ofpt%ﬂﬂﬁnlcg?FBH poFts‘@&h't%nﬁﬁnFcatPﬁ@vaPtﬁ”énvﬁxha%s10port | e
and a qum(békschmrgesporLdﬂ inat thechovwer=paEtionakeuf-er ned at proper
posi tions of % % tical wall 31g. 25 The dome-1ike cover menber 32
conprises a Fota Fn Shaft 32c suspended by a suspending arm 32a through a
bearing 32b to be*h@tépabkéuwﬁ Shietn zont BEGpl afe isThebscewari afelhetrns?2
air-tightly £ontagppathevkotar v mnher ,31ent brough ca seal, neg}?gar 32d,

e.g., an C>r|n rOV|ded 30 to the Jnner C|rcunferent|al surface of the
openi ng at ?%ev? wef SpEFicot. GRS ébhtaétn§vapéovéﬁv@ncloéédrb%%ace 35
i s defined, and=tb9usotauumuﬁsdﬂﬂcﬁﬂftbﬂ]éheloéeba%bdﬂﬁﬂxﬁ e hS

oot es SgghABycatcs G i dhe UL TRIDEN S s ver sl 'r.y
tically nmovi h§CHEENRRRMEM3CnGICISIREMHS Acsehventazgppioipe 7' bonne:t
15 to the exhaust port le through the communication port
31h formed on the rotar 1
The coating method in the apparatus shown in

FIG. 19 is pasically the same as the above-mentioned

method except that the atmosphere differs from the above
2¢ solvent eatmosphere, 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 1is prevented from scatitering and
attaching again tc the inner surface of the process
vessel, thereby preventing contamination of the wafer W
by particles and & decrease in yield. In addition to

' h

_ h
iorn, since & smail amount of resist solu-

ct
(D

a
article from attaching to
S

cl-
()]

30 inner surface of the pr el, according to
i

tion is used, maintenance anc inspection for the vessel
are not time-consuming.

A coating apparatus in which a plurality (e.g
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embodiment) oI resist solution supply
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zles 3 are provided to & s
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ray head¢ 5 will be
S. 20 and 21.
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described with references tc¢ F



.nozzle 3 and a resist sol ution supply nozzle 4 are 27 provided to be
rotatable together with the cover nenber 32. The nozzles 3 and 4
respectively connected to a solvent supply path 33 and a resist supply
‘Path 34 which extend through the rotating shaft 32c and .are rotatably 5
connected to a solvent supply tube and-a2%esist solution supply tube are
nmounted in the cover nenber 32 to be rotatable therewith. In the coating
appar at us havi ng ghe above arrange- nhent, when the solvent Ais stored in
the solvent reser2® 18°¢6i FRcharfrel > B1f TOQhd"PRELEEVEL SnEmidaB3Y i s cl osed,
the sol vent disscesdperated dndidle safiupattosnabiospkers sfgatde sol vent A
can be realized.ingsidg thg,encl shace_ 35 or the process chapmber. In
thi s atnosphée e?%ai?esiét‘nFiLnrfs %f%ﬁdf%ﬁ Phe-wafler-SadtordrdgYo the
above 15 netM¥dR-®Br BRspeePriScdld y; 1t heosbbventaAaps edredpped aon the waf er
Wto form - fikanohot hecsebuent oA 0n &heo-wBbREW Whidke the ensl psed space
35 1is fllledLyALh.tEe sgggrqﬁed sol vent A Before the solvent Alis dried, a
resist sol uttToR® BF$§GPpI iP¢d &o The”Waf ef~wW afeafpHEdEo 2D ¢ 2r i Ried
rotational speeddofoghenwaf eriai fidie anpredeter offi Red peydod wéadise in a
predet er m negpamynt. s@.as to Sformihe resist filman the surface of the
waf er. Since the coating process can begb ST%Fﬁgdaiﬁo & S0l &Rt O T 0eT
at nosphere u%ﬂﬁ@etHP§Za65aﬁ§Lus¥3dr%m%g4§fthefOZ5sg@pﬂyﬂn@jdéffenamtng
can be suppressed, oandeunishorgate 1 Ohst haabi! Bnt Riekess-Gan; beofurt hgf_
achieved. In Ihg abgve.dgﬁ%rlngon, the solvent reservoir ¢ annel 31F is
provi ded on theSr SPRPY IFERber Si% OFSPRECLY AneRS¢Ess 03It iamaSERRL ¥ ol vent
A is stored hazthes 36, channeln3le; sost hahntheesatuw-atign aésopsphere of
the solventgihs,teahi z§ Jl”iﬂ¥?4 - encl ased spage 35..  However, . the
structure is not FLnitq_jLﬁﬁt 1S, For ei%nﬁ %f“%pngbéﬁgah%%%% of the
sol vent A iSWHP§éhaP&e&lIIEYent xinds of resist sclutions are con-
1s 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 5.
Ir the apparatus according to the embodiment shown
20 in FIGS. 20 ana 21, the resist solution supply nozzles

linearly cdisposed. However, the arrangement is not

limited to this. For example, the nozzles may be

disposed on the circumfer

ence 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

()}

(in the exampie showr. in FIG. 22,

30 four resist sclution supply nozzles 4a to 4e are used).
Furthermore, as indicated by the dashed line in

FIG. 22, a moving arm 23& supporting z rinse solution

supply nozzle 23 may be further extended above the

center of a wafer W on a spin chuck 2, and the solvent
38 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



fromthe solvent supply nozzl 3 to realize the solvent 35 atnosphere inside
t he encl osed space 35, or the mst of the solvent in saturation state is
introduced to the enclosed space 35 using, e.g., an inlet pipe, to realize
28 the solvent atnosphere inside the enclosed space 35. The apparatus
shown in FIG 19 is constituted such that the resist coating nmethod is
Derforned in a reduced pressure atnosphére. For this reason, the process 5
vessel 1 has a sealed structure, and a pressure in the process chanber is
reduced to a predeterm ned value to performresist coating in this reduced
pressure aﬁﬁﬁ§8ﬁéF€.Eﬂﬁa%&Rﬁﬁa%ﬂ?PgﬁoﬁﬁSﬁﬁiPMGbyutﬁ$ subse anvlatly the
10 sane appariatniswaslthato shosn2 B nahEG:nk8 nexeent dhatnd he,) sglvent

reservoir cggﬂgﬁk,%%%J;%égnbprngded. hn this .  apparatus, a pressure in
the encl osed Space 35 Cail be ¥ etlited P8 FrédetermiTd Ral tederse-, 90

nm - H90, by denNMat Wimndxdp 3Bhecenbeched shopdly exhatisé Dimey 24= connect ed
15 to the e sdordod £-d heQuah L he mruni.catjo ort.31h formed on the
rotar ytsnenb)e@rla%};e éta'?'he?‘cegraéti ng%[ret hoar;:%*t‘ Hglea%‘péa‘r% 8'”3 Chowh'rn FIG 19 is
basi cal | y t R tEIHE s e 2FBve’ freAPPFe d Nemataide exeepthe hat fehewW.

at mosphere difdwessi framihe: above 80 solovent, atimsphererg apd a.fdetailed
description thereof _wll_be oni%ted. In the coating process in_the reduced
pressure atmosphére stnee Ledt Per PAGBESE desrarPbres hetceédet onard t he
communi cat i omgret 1B shdéerési ETCsolan)i of BH2b whdpped. on the wafer Wis
prevented fromscaiderdng and ;aktaghing agal nto the ipner.surface of the
process vessel, Ihejebgpp;evgn??%Sgggﬁ?5%?%%Lf%#ﬂﬁ§§¥E£V@§%F£v§ by
particles amd"f deécriddse - yFBRAI 2R Saddtiesn I may evenpionidédatpesi st
particle frdrmeatuatdn ng $ odéheo30iverer-surdace of the, progessovessel .

accord'ngix%ééﬁ%nism 24 as a center or parallely move

the arm 23a
as indicated by an arrow 107, fthereby movinag the rinse

1=
[§)]

(D

er W.

Hh

wa

ct

nczzle 23 to th
n

The solvw

ot

th (D

supply nozzle may be fixed to =he
housing 111 of the coating apparatus using mounting
member (not shown). In this case, the solventvsupply
. nozzle is mounted at a position without interfering to
20 loading/unioading the wafer W, and the solvent is obli-

quely sprayed toward the rotational center of the wafer
1

Sl O}

W, preferab
T

jap
()]

S

A

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

30 flow rates or changes in discharge flow rate. Instead,
1 he

\%

()]
[a

in order to supply different so nts from
respecctive nozzles, the nozzles may be connected to
corresponding tanks, and the kinds of solvents or a
discharge sequence is selected, thereby obtaining
35 optimal coating conditions.
In still another coating apparatus shown in FIG. 23,

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



present invention, since a small anmount of resist solu- tion is used,

mai nt enance and inspection for the vessel are not tinme-consumng. A
coating apparatus Jr. which a plurality (e . g . , 35 three in this

tnbodi ment) of resist solution supply qozzles 3 are provided to a spray
head 5 will be described with referencé*td FIGS. 20 and 21. 29 As shown in
FIG 21, Tour nozzles are linearly disposed at the distal end portion of

' n%'}t%%or Hond sy piyotally

t he el ongate ray -head )SE.-PL I
mounted on ‘a C%%ﬁfﬁ%'Iﬁg'th egrgfa%gépg§abou a5 'scahnimg mechanism6 in

a hori zont &clyemie 4 L drpeb- Of | BHPPAMI e@zed 95y 4 r ro. T | a2t hestsbr
nozz: esgaf%olrﬂt\&% t}f)g@ﬁ@egsr@wfﬁe&[@nm t_EIy Oa‘ot L&%&M@éfﬁa&%@g@hgﬁéi rSEj
nozzi e (I qr. su | ca~so ven an Der . ree nOZ{Z es a, 4D, an
4c are for Sup %Hig}%ﬁ?gé?ﬁﬁt gacEiﬁdsﬁh“rﬁﬁﬁQﬁ REAYR | bhsSERBEF “8H

AND/ OR condit iore emd tbf saesboderentd itnfge arespelthoei z@sisligol ution supply
nozzl es 4a,e Aben @ik 46 ArRGOB0ECHBM ! IUOUGIhd O5L 5L 5 POl ULL Ot SURRLY

mechani snms to correspondi ng tanks in i ch the different kin resi st

sol uti ons &EUEDN | s—@%r@‘élﬂ?énéntiaﬁﬁ @c@%@"on@%@mir@?\m%ﬁpﬁl yORBCKani sm

are represed@d iH Fbfned0ra kB bhicsrappaiaidisng dbid es enhokh pdgg0bogat i ng

films can be forgﬁg mithggg.exgh%nglng the spray head S._1n {he apparatus

accordi ng t'or {'He £hbddrfent ~§h8kn“ 26T F HIE © 20t &and 23, TP heF e§FsERe

sol uti®n suppiyraozzTesseameuhitnegr by i ispos ezlr e Homevided t hethr bamgement i s

not 11im1{ofhio Lhi so,E0LaexRAPLE (H1C 198Z) o5, PRY-DE dhSPOSEHo0R G,

ci rcunference using the solvent supply nozzle as_a center. InTaddition, the

sol vent suppty2rp8Y n82zPe t8Pafd 20fe T HStMRGENL # BnOBBPPLYSn0ZZREs need

not be provigelei npegeahl yei mdvee Spr ayhdieads Srefrone¥amel Rovasg ndi cat ed

by a daSheqnééﬂgning&SH,Z%hdtQ%e four mounting portions 20la to 201¢

15 can be also moved with this movement at the same time. A

scanning arm 6a is disposed ns=ar the table 206, of which
holding portion 210 is extended so that its lower surface
may oppcse the table 206. Thus, a holding hole 6b and a

h

he bores 202z to 2024, which as

formed on the lower surface of the holding portion 210

ct
(D

projection 212 having substantially same diameter as

Hh

ct

20 the inner diameter o

may be faced with the support pin and the bore of any
one of the mounting porticns 20la to 2014. The holding
hole 6b is connected to a vacuum means (not shown) so

25 that is constitutes a suction port for sucking the sup-
port pin for supporting the mounting portion. When the
holding portion 210 comes down from the upper position
onto the selected one of the mounting portions 20la and
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 ths housing 1l11.

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

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



sol vent supply nozzle 3 may extend to the right or left of the spray head
(in the exanple shown in FiG 22, 30 =our resist solution supply nozzles 4a
to 4e are used). Furthernore, as indicated by the dashed Iine in FIG 22,
a noving 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
sol vent 35 supply nozzle 3 may be prOV|de% 1o the distal end of thls arm
In this case, a noving nmechanism 24 may be constituted to vertlcally nove
t he arm 23a, €5,1030 —height , of | pse_sup | y.position by the rinse
solu- tion éﬂ ppl yéﬁo%% e 23H§hd tﬁg ﬁ%?g%f‘o THE 881 v nf*°V$ih I%//‘ﬁb‘smlon
by the suppl®y $ozefelsrnhy b&e |ﬁéebéhﬂlﬁent2ycchangedOLﬁmaguﬂQmﬁmomupply

nozzle 3 may2be bsdhspesedrbovardet ey cont g: 86 EhSpW@BE% Wi thout -
extendi ng t e arm 23a_above the.center oi the wafer W Instead, as

i ndi cated by"2 TRAFn°Pr'ReSPn “FFE 1% NOLHENT PRsE H@cﬁém@ﬂﬁﬁﬁﬁﬁtﬁy-ﬁ

provi ded to tie spposictepsinde 9b( Hpme#mefmowsndengno&& o222 ofp the wafer W
10 Alternatiy -~88i Bdi cate d bLe dashed I|ne in FIG 22,
the rinse nec ‘a%(lpsm rnalBg rg\?lbéeg‘%p 8” %ep ‘W sMdE S gkt the arm
23a using th q%D%Pﬁgnlﬁﬁcﬁéﬁl§ﬁ]2@ éED%F@enpea ror bpakakl elryi veoverit he arm
23a as indizatedobyian aneowol@#: dhepsby: BPVQBQ t ke ri nse t’lé%ﬂgzzl e 23
to the wafer The_sol.vent, supply nozzl e m lee to the ousing 11-1
of the coatin%gappa?aFﬁé Tasin FVﬁﬁa‘n%ﬁ%érSPneF EROWS) .10 n this case,

t he sdl&ent B@@pxyalnazzhewlsom@mnimhen ahposblliventwistiteilty indzerZeshno to

20 | oadi ng/ ughgadi ng.t he \waf.gr the sglvent _is, obI| quel rayed
toward the rotational center P theqa%fgr 87 preFerany k*%e“% € r m of

the solvent b§Sthe $6iTerf e@ﬁﬂ%@ Yozehe wayerakeaogerdiow v anéot of
flows, or nmayabe coating method as in %he above embodimen<s .

Each of the four solvent supply nozzles 3z to 34 is

15 connected to & common tank or a corresponding one of
various tanks, and & 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 4a2 to 44 is connected to a
20 corresponding cne of tanks which contain different kinds.
oX coating solutions, and a predetermined amount of
coating sclution can be sprayed from the nozzle for a
predetermined period of time.
In the ccating apparatus having the above arrange-
25 ment, sinc

[{)]

an arbitrary one of the plurality of the
spray heads can be selectively us esist films under
i)

ed, i
y formed at high speed.
Since the connection portion between the scanning arm 6a

different conditions can be =zas

and the mounting portion 201b does not pass above the

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

FIG..2¢ is an appzaratus shown in FIG. 23, and shows
another arrangement relat

35 as in FIG. 22. The arr

aticnsaip of a rinse mechanism;
angement relationship is tnhe
same as in FIG. 22, and & description thereof will be

omitted. However, its content will be easily understood



25 not spreaded. As has been described in the above enbo dinent, a
plurality of solvent supply nozzles may be provided. In this case, for
exanple, outlet dianeters are differed fromeach other to contro

di scharge states fromthe respective nozzles corresponding to discharge 30
flowrates or changes in discharge -low rate. Instead, in order to supply
different solvents fromthe respective nozzles, the nozzles nay be
connected to correspondi ng tanks, and the kinds of solvents or a

di schar ge setgyercedarsselssctiededt her ey @httai ni ng 35 optimal coating
conditions. In stidl a ex. coatjng ratus..shown in Fl G _23, -four
spray heads 5a t 0 Bd aﬁgggr§bbgéa&ﬁnsgﬁﬂgr?%§‘a‘Bve:31 ~%° hdUsTngt 111. Each
of supply nofAréy Feas Fd Fof BOUBEPFemR A& SFRICHCHs ofrBUPD| rovideés 4a
to 4d for a kesisSthosdidYy i1om Brargepremidad it eglall ValPe@c £ORT €SRONI NG
one of _the spr,ay heads. .Each of . the spray heads is supported 5 b%/ one end
of a coPrespSidiTg ore G- hotP2ontar| y e iosidisy &t nr MenbeF St 28852Y 0 200d
bent in a crasedsfapidkedrarmetne The Zat herdeend dfheachn of 2t hezaem aenber s
200a to 2004 4ds -rgr;@lq;te., L 05 respanding ane of nouating_por- tions
20l1la to 2016qc7r1§l I C supgocﬁtsb;')%gg_lg‘a to Vfg% glx erér)%“"ib“%p?/v%r d. These
nount i ng por IGBTHEE RN el At R Sories s 202t 19824 fopnedifiadt he upper
surfaces and tsuppaied ¢ e aprathay =0 &4 all 206 4 onbenrp¥gdpak-gne tine.
The table 206 n be moved in the Y direction by a noving mechanism 207,
and the f our Mburtihg® pPETONs 2024 T 2PLP IS T b2 BFE8SRBYBA GFth this
nmovenment at thwsisEnes¢lwelod sspanmi mpzrlm Godse dilsposed:pear ppheibabl e
206, of which, = hol di tion, 210 4.5 extende o.that its_|lower surface
may oppose thbje“ %bﬁd%rﬁg%%?‘,ﬁr%ag,‘,i’gﬁm‘dﬁﬁgéefﬂ%|“g5%b*%§ndﬁazzgr jgg‘ i%ﬁm212
havi ng the sUfiBtEhtFal§yl SarBAdiFanPteMAs PE thesP nher tHkaketéreetiphe
bores 202a t ®R202dir i Ghe@Sanfierned ofr tdves lovvedc sugf aeecef ikheohakding
portloq5210 tuted to be movable in the Y direction with respect to
the arm 6z by a drive machanism (not shown).

In the example shown in FIG. 26, an elongated spray

P=

head 5 for supporting a plurality (e.g., three in this
1 3

case) of solvent supply nozzles 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 solié line, or

s
in a direction parallel tc the arm 6a (Y direction), as

indicated by a dashed line. 1In this example, the

o
w

elongated spray head 5 supporting the nozzle 3 is

positioned above a wat

to match with the diamester of the wafer W, so that the

solvent can be suppli!l 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 napnthoguinone diazide este

1
3
oY)

L<
o
0

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:



.may be faced with the support pin and the bore of any one of the nounting
portions 20la to 201d. The holding hole 6b is connected to a vacuum neans
(not shown) so 25 that is constitutes a suction port for sucking the sup-
-port pin for supporting the nounting portion. Wien the holding portion 210
conmes down fromthe upper- position ontd The selected one of the nount i ng
portions 20l1a and 201d, it supports the nDunting portion by neans of 30

vacuum suct Th i 6 rt d a drive unjt 216 to be
movabl e 1 HRe % agtSCErtICA - O rERE ] ong APt TSRO REPR R Rbs | ng 111
The apparayngﬁavbﬁglﬂﬁ@ &b@ué:arlé@g@nenuswbbthe descarpbed dehow. 35 The
tabl e 206 'ﬁg?ﬁ%%@e'QE@hedéfhfﬁ%tbQEnEo Eggu tléggéggadgleftgd nmount i ng

portion pin assunlg inthis 1tT0N opposi ng
t he hol di ng® p&F |QEQPHYWQW@EQY@Q% @@&ﬁﬂﬁn?%%&nﬁ%ﬁléﬁﬁﬁ@bﬁ inthe X
di rect 5on by rGReEA]r ibve ) umd.ﬁﬁihtth34b®bdlngg%3§ﬂﬂyl 21D dsspoved above

th t 01h t. that_ t he hol di
o oo | o G SeE R A b Rt AT b Ut ho port | on 201

is support escBphepn@nieol (disrg pbetian RRO. sbduthion st adlel of hehschanaikag arm

6a is anedng@akgOQﬁ tihe i yes ppi t - 216t g ldft the nounting portion 201b
fromthe table In addition, the spray head 5b is noved in 10 the X

direction to posFFF@n°bh§@§ﬂ%@ﬁﬁesﬁﬁbpﬁlﬁéﬂﬂiaHﬁf enrvel 1 hitedehheal
portibo of bheawates AbrThaseaiiera aoalt@ragst:wfllnl Rdsot@i@dcen:hhe wafer W

according t S t h t he above enbodi nents . Each of
t he fourgso?vgggngugp é%%%iz % gg g g FE N1 @PRBRADN t ank

or a corr espyaditRg @néamlCQQ@m©b@rtaﬁﬁ§; andicwepreadet E@n s neppanetnt of
sol vent cancaaeb%pra%\pq%fa%téﬂecaa%;hes an? tﬁbecu%a%ﬂ%“ﬁfoééséﬂnbhe
ou

above enbodlnent | arl each resi st
% X LCD substraue a CD, and the like, in
15 -addltlon 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.



solution supply nozzles 4a to =d is connected to a 20 correspondi ng one

t anks which contain different kinds of coating solutions, and a LLOYDVWSE
predet ermi ned anmount of coating solution can be sprayed fromthe nozzle
for a predetermined period of tine. In the coating apparatus having the
above arrange- 25 nent, since an arbitrany one of the plurality of the
spray heads can be selectively used, resist filnms under different

condi tions ERRT .easily formed at high speed. Since the connection
portion between e scanning arm6a and the nounting portion 201b does not
pass above the 30 wafer Wduring novenent, part-ties which tend to be
produced at the connection portion wall not fall on the wafer W FIG. 24
is an apparatus shown in FIG 23, and shows another arrangenent

rel ati onship of a rinse nmechanism 35 as in FIG 22. The arrangenent
relationship is the same as in F7G 22, and a description thereof will be
on tted. FbMBNebmuuﬁﬁkmﬂnﬁﬁﬂgamwdﬁuinbmmmﬁnhy under st ood by a person skilled
inthe art. In a nodification showmn in FIG 25, tw sets of spray heads 5
are nmourg ed on a scanning arm 6a provided to a housing 111 to be novable
in the X direction. A5 solvent supply nozzle 3 is nounted on the first
spray head, p & d on the left side of tine arm6a. Each of resist

sol ution supp?y fdzzles 4 is nounted on a correspondi ng one of the four
spray heads 5 provided to the other side of the arm6a through a nounting
plate. 10 in this exanple, in order to position a predeterm ned resist

sol ution supply nozzl e above the central portion of a sem conductor wafer
Wand use t¥Hishigizslpport means rtatghlyimsourserd i taid balising, fre suppoaidhea abtsaien t he
Y direction by a drive nmechanism6, or the nmounting plate is consti 15
tuted to bewitbwabkerface futieg ¥pdardecti on with respect to the arm6a by a
drive nmechani sm (not shown).

10

a plurality of spray heads detachably mounted in said housing and each having a first
nozzle for supplying a solvent of a coating solution on said subsirate and a second

nozzle for supplying the coating solution on a central portion of said.substrate:

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

portion for supporting a corresponding one of said plurality of spray heads and the other

end portion; and

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

20  connection arms and selectively moving said selected connection arm between a
supplying position where said corresponding spray head is positioned above said
substrate and a waiting position where said corresponding spray head is offset from said
substrate, while said other end porj’ion of said selected connection arm is kept offset

from said substrate.



-In the exanple showmn in FIG 26, an elongated spray head 5 for supporting
aplurality (e.g., three in this case) of solvent supply nozzles 3 LOXDAHSE
array is used. 20 In this case, the elongated spray head 5 nounted on an
‘farm6a to extend in a direction perpendicular to the armé6a (X direction)

, as indicated by a solid line, or in &%direction parallel to the arm 6a
(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 wafer
W and the arm6a is positioned to match with the dianeter of the wafer W
so that the sebiew fikdforRenSaiptdtedcddpidige: waf er Wfrom four por tions
alone the radial direction at the sane tine. 30 P. resist solution., an ARC
(Anti Reflection Coating) solution, or the Iike nay be used as the above
coating solution: As the resist solution a m xture of phenol- novol ac
resin and n%ghthqquinone di azide ester may be wused. 35 As the solvents, in
addi tion t 3" HEP¥ryl - 3- met hoxypr opi onate (MWP, boiling point: 145C,
viscosity: 1.1 cps), ethyl lactate (EL, boiling point: 34 154C, viscosity:
2.6 cps), ethyl-3-ethoxypropionate (EEP, boiling point: 170C, viscosity:
1.3 cps), ethyl pyruvate (EP, boiling point: 144C, viscosity: 1.2 cps),
and pr opl ybk@segieysmpponmoranse tdiylablyheoustee iradadd bousRGVEA, supportihfg spisstate: 146C,
viscosity: 1.3 cps), 2-heptanone (boiling point: 152, viscosity: 1.1),

cycl ohexan&ithusieduffate AaBindRRpwagd;ution), all of which are well-known in
this art, can be used. Each of the above enbodi nents has exenplified the

10 apparatus for formng a coating filmaccording to the present invention
applied to the resist coating appara- tus for a sem conductor wafer.

I;? \gl(e:\éggi, ngglp urd 1'yaor s%)rl%lgl heg sndel?aechgﬁglrlnggmédo inasai%%%tulsi?lg a%g %gcrh taL\ll?ngrjc 'c? ftlrs(tf.jl

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 said substrate;

a plurality of connection arms bent in a horizontal plane and each having one end
portion for supporting a corresponding one of said plurality of spray heads and the other

15  end portion;

means for supporting said other end portion of a selected one of said plurality of
connection arms and selectively moving said seleéted connection arm between a
supplying position where said corresponding spray head is positioned above said

20  substrate and a waiting position where said corresponding spray head is retracted from.
said substrate, while said other end portion of said selected connection armis kept

retracted from said substrate; and



starget, 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 polymn de-based coati ng 3QO¥DIWISE
(PIQ, a coating solution (SCG containing a glass agent, and the |iKke,

‘as a matter of course. LLOYD WSE 35 CLAIMS 1. A coating filmformng
apparatus conprising: 5 a housing; substiate support neans. rotatably
nmounted i n said housing, for supporting a substrate wth one surface

faci ng upwas iovi} Amphoveadid frysaaf h&&irﬂg?’ hheags raet sahadh Moiﬁ@él Bhe oélﬂo&@' d
housi ng and each haV|ng a first e for supplying a solven

coating SO'HﬁhQQn&QsﬁﬁkﬂsﬁHQﬁB&ﬁﬁgﬁgﬂ%Sﬁnéﬁﬁond nozzle for supplylng t he

coating solution on central port salrd substrate; 15 a plurality of
connection arnms bent in a horizontal plane and each having one end portion
for supporting a corresponding one of said plurality of spray heads and the
other end portion; and neans for supportl said other end portion of a
sel ected oné DR 2BRTHUDRGPEIINE §lagn 2. phctsnmE moymamscammtisseh distal ved y
novi ng sai d sel ected connection arm between a supplying position where

sai d cory esponidhfigr ssppayinpead first ipesiet omemabawepsdbnl forsuppdrtiag eaid fgis@

wai ting position where said corresponding spray head is offset fromsaid

substrate, whizle€ afd@b @roxifererenshrien tdc@t@bl@fsu%%r@d&ﬁi Qrd Bfhisgnnection armis
kept offset fromsaid substrate. LLOYD WSE 36 2. A coating filmforning

apparatus conprising: a housing; 5 substrate support neans, rotatably
nounted in said housing, for supporting a substrate wth one surface

facing upmar t r heads . detachably nounted in said
housi ng and e (?ﬂatﬁ’a’l\#rl %oaxquq@p%raf%s WO 58S or suppl ying a sol vent of a
coating solution on sald substrate and a second

10 ahousing;

substrate support means, rotatably mounted in said housing, for supporting a substrate

with one surface facing upward;

15 atleast 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 atleast 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 1s applied by the first nozzle, said at least one second nozzle being provided

away from said first nozzle;



-nozzl e for supplying the coating solution on a central portion of said
substrate; a plurality of connection arns bent in a horizontal planﬁiﬁnﬂNmE
each having one end portion for supporting a correspondi ng one of said
plurality of spray heads and the other 15 end portion; means for
supporting said other end portion of a seBected one of said plurality of
connection arns and sel ectively noving said sel ected connecti on arm bet ween
a suppl yi ngodiRgishiu@idnWssIO nsdind fGALpSSRANIL R8asY AYuchgad ski§ sQé%)%'thong%f’
above said 20 substrate and a waiting position ere sai d corresponding
spray head E&néﬁ&E@Cted from said substrate, while said other end portion
of said sel ect connection armis kept retracted fromsaid substrate; and
LLOYD WSE 37 a noving armnovable in said housing, having a rinse
solution nozzle, and positioned on the other side of said substrate
support neans. 3. An apparatus according claim2, wherein said noving arm
conpri ses alldpspapingnwhshyentdiethe epatingmobridnng said first nozzle, an

i nternedi ate portion for supporting said rinse nozzle, and a proximl end
portion fotatable supported by said housing. 4. A coating filmformng
apparatus conprising: 10 a housing; substrate support neans, rotatably
mounted in $igi dedh@MehibRind Rith MBIk R SHO S RhE: to%itdr%e&gq% R AG S
facing upward; 15 at |east 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 gh? first nozzl e: FO at | east onpe second nozzle having a second
di scharge pot't P8 pP&?“§ﬁHﬁP9PH5@ﬁ B QARG SRYHI08IN SHA SANBHED O the SewORer a
portion of said substrate when being rotated after the coating solution is
appl i ed by PAE¢ viadhe prymmupicakng pathisajdepynp orenshavingia helkwhsepunep agd pr ovi ded
away fromsaid first nozzle; LLOYD WSE 38 coating solution supply neans
for suppdyi sigppine mxoat fongxsidittei and contrsaing thebensvnzgp.e. conprising: (i)
a contai ner which contains the coating solution; 5 (ii) a comunicating
path for communi cating the container to said second nozzle: and

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;

—
wn

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

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

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



(ii1) punp neans for supplying the coating solution in said container to
the second nozzle via the conmmunicating path, said punp neans havin 8
bel l ows punp and a 10 stepping nmotor for expanding and contractinglﬁﬁg WISE
el l ows punp: a spray head having a distal end portion for supporting said
first and second nozzles and a proxinmal 3end portion rotatable supported by
sai d housing, said spray head being positioned on one side of said
substrate supRoittollRali-drhe dealsn bPLailAbnBGnSiA MiatBE Y5800 spec
selectively position a nozzle between a. dropping position above s%|8
substrate apflsfag Walsthfdg position offset fromsaid substrate: and an arm
novabl e i n sald housing, having a rinse solution nozzle, and positioned on
the 20 other side of said substrate support neans: and neans for
controlling said stepping notor, wherein said control nmeans controls a

di scharge tine for dischar in? the coating solution fromthe second

di scharge poreP dPParpiayprapr@ps isdaisy 4 cwherenl saidwprayhiad sipropeplataiionofof  sai d
stepping notor relative to the rotational speed of said substrate. 5. An
appar at us asesondinpzrleéso cl ai m 4, wherein said spray head supports a
plurality of 5 second nozzles. 6. An apparatus according to claim4
wherein said pivoting neans conprises a plurality of connection arns bent
in a horizontal plane and each having one end portion which supports one
of a plural gt - ortion; and.10 neans for
suppor ti ng gé?%g%%ﬁ§$§g% ﬁ%g?Fﬁ%%“%?%ggbgfé%ﬁﬁgﬂﬁﬁgng?n%%ﬁqyﬁﬁeapgﬁpﬁyyof
connecti on g¥&ﬁm?&9nﬁ§ﬁ?$}iyekéinDVin sai d sel ected connecti on arm between
the supply position and theM Rl Fayapoant #heach savng ppe eshrarton/higicor di ng
to claim6 which furégfr includes a noving armhaving a rinse solution
nozzl e, andYPHef PBhELR Bivralkeobimey hegdgandthequhad eadipettioat sndsupport  nmeans.

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.



