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_ (COATI NG APPARATUS TECHNI CAL FI ELD [0001] 5The present inventi on'meneral |y

heventi an' parti curar vy roralecCta s pechai quetor cont ror NG

surface tension of a prewetting liquid supplied to a rs]ubigtaLLEr:“Qﬁsgtsﬁ*TthL
application of a coating solution thereby inproving the coatability o

tﬁg coating sol uti on.CCB&EHEaGoMﬁiPAﬁﬂ deéz@OATING APPARATUS _ .

phot ol i t hogr aphyprocessi nmanufacture for 15 seniconductor devices involves

a step of coating a resist solution on a sem conductor wafer (hereinafter
referred to -Eéc %h)FIIEéDform aresist film a step of exposing the

resist film Ox)@lpredeterm' ned pattern, a step of devel opi ng the exposed

resist film and S0 on, which are perforned successively. 20 Through these
steps a Predet er mi he@d RrE&KENt puiariian; gensraky relatesvioer tecboogue for A
so-cal l ed spi Al ' t or. t G | I n
many cases. & hgsgglbn?goqﬁtﬂggngtéhﬁeﬁs%gj_(%S as :%crreésaszg?'n_ v;/ﬂ?%h”g/érﬁetg?rs]t : 7
sol ution is Raghtiladly rtpbenotel @ technguntaralcondrolling atthle km._nsfacéage of
arotatin ngft beting0lidt jiQNc| adi all yse
under a cgnrﬁﬁggl égoéf]_g%f?ﬁgﬁﬁlpﬁaglg&wg ?/\H@Pqe@gu? aéeggpgﬁégceg\/g?@r'j |LE§
coated with iR 2BBlisation f on. captin@oaplution thereby improving the

10 coatability of the coating solution.

BACKGROUND ART
[0002]
A photolithography process in manufacture for

15 semiconductor devices involves a step of coating a resist

solution on a semiconductor wafer (hereinafter referred to as

“wafer”) to form a resist film, a step of exposing the resist film

to a predetermined pattern, a step of developing the exposed

resist film, and so on, which are performed successively.
20 Through these steps a predetermined resist pattern is formed

on a wafer. |

[0003] ‘

A so-called spin-coating method is adopted for the resist

coating step in many cases. The spin-coating method is a
25 process in which a resist solution is supplied from a nozzle to
the central portion at the surface of a rotating wafer and the
resist solution is radially outwardly diffused under a centrifugal
force such that the whole surface of the wafer is coated with the
resist solution. |
30 [0004]

With the progress of microfabrication of semiconductor
device circuits in recent years, reduction in thickness of the
resist film in the resist coating process has proceeded. Since
the resist solution is expensive, it is also necessary to decrease

35 the amount of its use as much as possible. In order to coat the
whole surface of the wafer with a small amount of resist

e
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With the progress of mcrofabrication of sem Conduct_or device circuits in
recent years, reduction in thickness of the resist filmin the resist

" coating process has proceeded. Since the resist solution is expensive, it

is al so necessary to decrease 35 the anopint of its use as nmuch as possible.

In order to coat the whole surface of the wafer with a small anount of

resist *@00002* 2 solution, it becones nore inportant to inprove in-plane

uni forni ty i3PHEIGR 1t hitckpeSeMESs t RROre edmrodangt iten. IMPUOSE  Anpipdaret i ng

techni que i sykmEMmity iﬁh*ﬁnﬁ”t‘h'ié@n@?@[b?ogrf&'ifés%ftt?dlpg{éﬁwdum Form resi st

coating with a snall” di scharge anoun ‘resrst ‘so n. Prewetting is an .

operation i Qfi=h, in order to facilitate uniformcoating over the whole

surface of the V\/af/?rpr\@v&ét@nénﬂﬂdhc{ﬁ%@‘is Q{Pd\ﬁﬁiﬁ{,tﬁ%' HHt t%{%}la‘ﬂﬁr%v@?.t. -

capabl e of dissolving a resist and referred to as Fre\_/ve nimn
10 suppbi ecBtSAIHNGENIERRN BRSiE Caaldngewiith a@neilodischangsplamdunt t he

wafer. By prcﬁ‘"’?ééi%@%oIlht‘i%rf.es;lﬁﬁé\fv%?fi%@ ?s”géf&?)i%ré?i.o‘fmr‘;%m%g%{o@géon the

waf er even when a snmall apount of resi’st on i1's used. ven i f
the prewettit®gfaglifate simitermnheortieg ovee theswhole surface of the wafer

with a small amount of resist solution, a solvent capable of
dissolving a resist and referred to as “prewetting thinner” is

10 supplied onto the water before the resist solution is supplied to
the wafer. By prewetting, the resist solution tends to uniformly
diffuse on the wafer even when a small amount of resist
solution is used. '

[0006]

15 Even if the prewetting is performed, however, the resist
solution sometimes cannot uniformly be coated over the whole
surface of the wafer. For example, the resist solution diffuses
in the radial direction of the wafer and then branches at the
peripheral portion of the wafer, as a result of which a number of

20 elongate streaks radially extending occur and thereby the resist
is not coated between the adjacent streaks. This phenomenon
is referred to as “fingering”.

[0007] _ .
A wafer rotation control technique is another means for

25 attaining uniform resist coating with a small discharge amount
of resist solution. According to such a technique, the rotation
speed and the rotation acceleration of the wafer are properly
controlled on a time basis during supply and diffusion of the
resist solution, thereby preventing the resist solution from

30 unnecessarily scattering to the outside of the substrate, and
moderating a tendency that the film thickness of the resist
decreases at the wafer outer peripheral portion on which a
strong centrifugal force acts. However, it is difficult to achieve
significant resist saving only by the rotation controlling

35 technique.

[0008]



sal ution sonetines cannot umforrﬂy be coated over the whol e surface of the
wafer. For exanple, the resist solution diffuses in the radial direction of
" the wafer and then branches at the peripheral portion of the wafer, as a
result of which a nunber of 20 elongate gtreaks radially extending occur
and thereby the resist is not coated bet ween the adjacent streaks. This
phenonmenon is referred to as "fingering"”. [0007] A wafer rotation control
t echni que i s anot H¢lav@ats fart 25Cabt aitre ng fauntor nirr esﬂBQOﬁ@él?iQZﬁg’GAth a

- small di scharamauayehsoh, UPI0BS-GEI4BdLBNIAFORITH.DBORs AU fll Srfbiar 10,

the rotation speed and the rotation acceleration o roperly
contrblled on a tine basis during supply and diffusion of the resi st '

sol ution, thereby preventi nglfl\ﬁ'ﬁlArI?ﬁsC?It-' 1%[1“@%3@:&30 unnecessari | y

scatterlngtothe outside of the's rate,; "an ting a tendency that
the filnbthi[@H&8F of the resist decreases at the wafer outer peripheral

portion on which L t fficult
to achi eve signi fﬁ;rzént esé?ﬁ{] Ii\é(\g/'ﬁﬁghoﬁl BQEd as tre?ﬁgﬁﬁgﬁ éﬂhﬁ'ﬁﬂ rﬁ% 35

t echni que. [VOT8TE @fRéI subhatrate t@nbe freillldnlyl aB20640- 276K 7@A,coating
JP2009- 0782 0 8 | e. MVARY OF
THE | NVENTI %@‘}Et%\g%@%@%ﬁf& %e%ilgﬁ | g@eﬁ | on‘-rglry %gﬁ 4 ctoggmgque

al | owi ng thefllmrﬁacﬁﬁ@fsmrfgﬁssofathﬁt@bﬁraém aebep foat éessvidmoantoafi ng

sol uti opgsucdhA$né AN @gﬁtp 9ado uniformy forma coating filmon the
surface of the su strate even It 8d'ess ampunt of 10coat i ng solution is

suppl i ed. [d®@0]

The present invention provides a coating method
including: a prewetting step of supplying a prewetting liquid to
the center of a first substrate and rotating the first substrate

15 thereby spreading the prewetting liquid over the whole surface
of the substrate; and a coating film forming step of supplying a
coating solution to the first substrate supplied with the
prewetting liquid and drying the coating solution thereby
forming a coating film on the surface of the first substrate; the

20 coating film forming step including: a first stage in which the
coating solution is supplied to a central portion of the first
substrate while the first substrate is rotated; a second stage in
‘which rotation speed of the first substrate is then decreased and
then the first substrate is continuously rotated; and a third

25 stage in which the rotation speed of the first substrate is then

- increased to dry the coating solution on the first substrate,
wherein, in the first stage, the first substrate is rotated at a first
constant rotation speed immediately before the coating solution
is supplied to the first substrate, then the rotation speed of the

30 substrate is gradually increased continuously after starting of
supply of the coating solution, and acceleration of the rotation
of the first substrate is gradually decreased before completion
of discharging of the coating solution, thereby converging the
rotation speed of the substrate to a secohc_;l rotation speed

35 higher than the first rotation speed, and wherein the prewetting
liquid used in the prewetting step is a-mixed liquid obtained by



The present invention provides a coating nethod includi ng: a prewetting

- 1step,of supplying a prewetting liquid to the center of a first substrate

and rotating the first substrate 15 thereby spreading the prewetting liquid
over the whole surface of the substrate;gand a coating filmformng step of
supplying a coating solution to the first substrate supplied with the

prewetting liquid and drying the coating solution thereby formng a coating
filmon the @Mm&eaofs()t'%@n?i cepadlpstafatdissohengo coapanemts nof othéng '

step incl udidgghtigaffinst ageni | hg i | Wt | i ied to
a central podrt%téﬁgoﬁl_rr?hgﬁpi gs?‘%\é{}{fggé %@ght ﬁgﬁﬁrg%v%s@frﬁg%
rotated; a d€GHaNshighen thanitdiatr of Aheosokrnld die thixdd riguisubavinge i s

then decr eased, Afskd hensidie HiahsF thUFSHA3E Brith BBLLMIPUS|QripAL at od; "and a

third 25 _stage iIn rotati on speed of 't rate is then
increased to [@31the coating solution on the first substrate, wherein, in
t

the first stage, ht-st s%trﬁc I; d I\ J; cqn E
rotation speed im‘%ﬁitgkg’l_}hﬁgﬁﬁ t e'ég%ﬁ?ﬁ%ﬁs%llg&)t ?%ild\{léégu%pﬁogé(}ﬁ?% t he
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wher ei n t he yIpléad. and the high surface tension liquid are separately

pr epar ed, a_nﬂo\eﬁezeﬁ’ien the sol vent and the high 20surface tension liquid are
m xed when the pr tting liquid is supplied. [0012] Further, the
present invention Rurthiedes thecoprésgntppavanison ncpooiidgs a aspicoathugk for

hol ding and JAIINE Fncluding: a spin chuck for holding and rotating a
25 substrate; at least one coating solution nozzle for supply'ing a
coating solution to the surface of the substrate held by the spin
chuck; at least one prewetting nozzle for supplying a prewetting
liquid to the surface of the substrate held by the spin chuck; a
coating solution supply mechanism for supplying the coating

30 solution to the coating solution nozzle; and a prewetting liquid
supply mechanism for supplying the prewetting liquid to the
prewetting nozzle, wherein the prewetting liquid supply
mechanism includes a prewetting liquid supply control section
connected to a supply source for a solvent capable of dissolving

35 components of a coating film and a supply source for a high

surface tension liquid having a surface tension. higher than that



25 substrate; at |east one coatlng sol ution nozzle for supplying a coati ng

1solut|on to the surface of the substrate held by the spin chuck; at |east .
" onhe prewetting nozzle for supplying a prewetting liquid to the surface_of
the substrate held by the spin chuck; a £oating solution supply nechani sm
for supplying the coating 30 solution to the coating solution nozzle; and
a prewetting liquid sup Iémnechanish1for supplying the prewetting liquid to
the prewett |quth@>§ﬂl\éen€m eiprewettin @ uidnguppiyicd ntupp kg ctiechbeisg

I
source for SOy teté{@éé' Aty BB B e oS B G R oD UBR T
and a suppl @ryli)tﬁtuaph'ort e Mighusartfoadbet @mewettlngqmcaizﬁeylargdawtmrbme |
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t ensi on bi quiariaply ﬁgj’tﬂrwt rinkximge nedia hef ;the/vestoﬂvagt n@ad| eheahighher ei n
t he prewett'ﬁQfatQLt'e‘flls?b‘Hﬂldﬁ{faom rol section'is configured to 5 variably

control the mxing rat he sol vent and the high surface tension
l'iquid. [0013P013] According to the invention, the surface of the

b b R | .t he 10
hi'oh surface.t enstaic o A 67 R M SRURAEBs A TH b el el
conponents d¢Ran e mf@rﬁ'gly|¢oatetd1w|ébyacooatmlgl smg_ltlba byr dcéngettse on of

h | | P T
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devel opi ng §8§t mmponentsmcﬁ tlael soatimgnfile, etherebyl congnoling heheoat i ng
and devel Op'éqtﬁféé’étt@ﬁlslglq%fgth%prémﬁe @@'ﬁé‘ﬁéatl onal view of the coating

and devel oping syste hatic vertical cross
sectional view showing a configuration of a resist coating apparatus;

BRIEF DESCRIPTION OF THE DRAWINGS
15 [0014] .

Fig. 1 is a plan view showing the schematic configuration
of a coating and developing system;

Fig. 2 is a front elevational view of the coating and
developing system; |

20 Fig. 3 is a rear elevational view of the coating and
developing system;

Fig. 4 is a schematic vertical cross sectional view showing
a conflguratlon of a resist coating apparatus

- Fig. 5 is a schematic transverse sectional view showing
25 the configuration of the resist coating apparatus,

Fig. 6 is a flow chart showing main steps of resist coating
process; |

Fig. 7 is a graph showing the rotation speed of a wafer
together with Supply_ timing of a prewetting liquid and a resist

30 solution in each of the steps of the resist coating process;

Fig. 8A and 8B are schematic views for explaining the
principle of the effect of the surface tension control for the
prewetting liquid; :

Fig. 9 is a graph showing the result of Experiment 1;

35 - Fig. 10 shows a copy of photographs showing the result
of Experlment 1; '



Fig. 5is a scherratlc transverse sectional view showr ng 25 the
wconfiguration of the resist coating apparatus; Fig. 6 is a flow

~ chart showi ng main steps of resist coating process; _ Fig. 7is a

graph showing the rotation speed of a wa{s_er together with supply timng of

a prewetting liquid and a resist 30 solution in each of the steps of the

resi st coating process,; Fig. 8A and 8B are schematic views for

expl ai ning the prI'ﬁ@I p'lblS)fa taklecshowtingf thénaresult at E€xpersimantcant rol for

th tt I [ i ment
1; eSElr:Ie\éve li)ngho:/vsqq c%gygsofagrgnr%tp%gr Iﬁﬁp s@owr ngre%ﬁit Og‘sﬁr‘be%fméﬁ i ment
1; 6 Fig. 1ands a table show ng the result of Experinment 2; Fllg 12 is a

h show ng the S f S RA IS
ggﬁgrrafi c vi gw shoF\EAﬁ ui:g 'g E$<I ed exaérp\ﬁgmggg]fov\émﬁr M?glﬁb‘% WW@EppI y
mechani s EE'S@F{DIFEwa\tInE IPREIEERREDI\ENB@DhHEh\Q’@ [ 0015]

Preferred enbodi ments of the present invention will be 10 descri bed with

reference to the acco anyi ng draw ngs.
DESCRIPTION OF PREFERRED EMBODIMENTS

[0015] .
Preferred embodiments of the present invention will be
10 described with reference to the accompanying drawings.
[0016] '

First, the entire configuration of a coating and developing
system, into which a coating apparatus for coating a substrate
with a resist is incorporated, will be described with reference to

15 Figs. 1 to 3.
[0017] .

As shown in Fig. 1, a coating and developing system 1
includes a cassette station 2 for loading/unloading a cassette
containing a plurality of wafers W into/from the outside to the

20 coating and developing system 1; a processing station 3 having
a plurality of various processing units (apparatus) each for
performing a predetermined  single-wafer processing,
c'onstituting a photolithography process, to a wafer; and an
interface "station 5 for transferring wafers W between the

25 processing station 3 and an exposure apparatus 4 adjacent
thereto. Those stations are integrally connected. |
[0018] .

The cassette station 2 has a cassette loading stage 10
disposed therein. A plurality of cassettes C can be disposed in

30 a row in X direction (in the vertical direction in Fig. 1) in the
cassette mounting stand 10. A wafer conveyer 12 capable of
moving on a conveying path 11 in X direction is provided in the
cassette station 2. The wafer conveyer 12 is movable also in
the direction of arranging the wafers W contained in the

35 cassette C (in Z direction; vertical direction), and can selectively
access a plurality of wafers W in the cassette C.. The wafer



[ 0016] First, the entire configuration of a coating and devel opi ng
\system into which a coating apparatus for coating a substrate with a
"~ resist is incorporated, will be described with reference to 15Figs. 1 to 3.
[0017] As shown in Fig. 1, a coatyng and devel oping system1l
includes a cassette station 2 for |oading/unloading a cassette containing a
piurality of wafers Winto/fromthe outside to the 20 Qoatlpg_and o
devel opi ng s§@M¥ayer 12 dsosdasahie ;ﬁ@@lilbrﬁhs axig wtenrﬂlmgaVettyc:&cli)tﬂyv(anl ous
rocessin ' : S r I .
gi ngl e- wa]geklmpér ?égggﬁﬁg?ég’oﬁgﬁt%%tni Egngz%ra{]gpg} %ﬁ%&?aﬁ@@&%&?sﬁ'ﬁga .
waf er; and RR¢MtQf ERe Procasshng 3iniss inr andfied rpnayassieg suNitbgtowprGBhe 25

i ng i ; : dj t thereto. Those
pr ocessi ng Séfamegarr%qa; 14 STEPRRIBS ARDATALYT ARl aCeN Thereto

stations _are integral nec [ 0018 he cassette station 2 has
a casset Pe | stage 10 di sposed therein. A plurality of cassettes C

' di I: | t4 ' vertical direction in
Fro. 5 i the cacunr Brocisiflg SEHO 3es s dirotiisstidr ubls' GERLBRe o
movi ng on a @dnt@\yGhg fpatexample, Xndinhdchi anplwaﬂﬁ_rtyvoﬂqﬁgcressh_eg qa:s'%ptgt te
[ i d .t he 0
rrangi ng the e eros b o da ity bl ed MR UIERHA e
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Irection in Fig. 1), i ) ) _ ) )

15 fourth processing unit group G4, and a fifth processing unit
group'GS are arranged successively from the side of the
cassette station 2 to the side of the interface station 5. A first
transfer device 20 is dispbs_ed between the third processing unit
group G3 and the fourth processing ‘unit group G4. The first

20 " transfer device 20 can transfer the wafer W while selectively
accessing each of the units in the first processing unit group G1,
the third processing -unit group G3, and the fourth processing
unit group G4. A second transfer device 21 is disposed
between the fourth processing  unit group G4 and the fifth

25 processing unit'gfoup G5. The second transfer device 21 can

~ transfer the wafers W while selectively accessing each of the
units in the second processing unit group G2, the fourth
processing unit group G4, and the fifth processing unit group
G5.

30 [0020]

As shown in Fig. 2, the first processing unit groUp G1
includes a liquid processing unit that supplies a predetermined
liquid to a wafer W to conduct processing, for example, resist
coating -units 30, 31, and 32 as the coating apparatus, and

35 bottom coating units 33 and 34 that form antireflection film for

preventing the reflection of light during an exposure process,



10 a first processing unit group Gl and a second processing unit group G2 .
ware arranged successively fromthe side of the cassette station 2 to the
" side of the interface station 5. On the positive X direction side of the
processing station 3 (in the upward diregtion in Fig. 1), a third
processing unit group G3, a 15 fourth processing unit group 4, and a fifth
processing unit group Go are arranged successively fromthe side of the
cassette stdhase 2nits theing ddackedhsucoessivate bt fiverstages firgmst theansfer

device 20 i I se t h i r S| nj and .t he
fourth pr oczbsgﬂltﬁg?'un?qwgr%\%g%. E#Qéélgpgt %g.g?tér[alﬂ'é#&tzd V@g@e%h&md
]'Eransf er thepreafassivg whiniits,sébecexaripleacdevel opingpciniat 4¥ie tonidids for Ejheh
irst processi Jnjt_g e ir r sin ni roup G3,. and the
fourth pr oczésjséﬁﬁ)fﬂgi? %g\ggbo%r ttg Eﬁ%owgf% 3&2?8”‘8@5%& %1 §elgPingsed
bet \t/veen Bhe [jrmﬂetsIsT ,mimsiiemijce?ibeiggosta@%el@rwddtws‘ii/?llyhirt?ﬁi\m @tage's\r/l\?
.unit group ra k. devijce can transfe e er
whi l e sel ectcﬁ_?(\?g? %aecszé.&e@ggﬁ@ egliwet&eclit Qmi'?ilr iclh'atrﬂgeé'écéﬂdaﬁ‘tdo sfgﬁg uni t
group &, theupplying peotessi igndsi tofgrprgredtingndidielsf i fa htipe odieggdng
~unit group g in Fi.g. 2. .the first processing
unit group %rol%%slﬁfggép@tl'inqﬁfighﬁ%iﬁg\g@# ”tqgt'ﬁgft g[ﬁ)lbpﬁeéla@ng C?i
predet er m neard digpasad ad Wt dowbrmoosbstiaiges mfottes Finsy, p fowe sekagml it
coat i ng an (40P G ablt sRtprEBrote®ing Fule BERUR, BR TEERER0BIY ng the
coating unit an 0 i Emrf ing the
reflection d0Q2pht during an exposure process, 8 those units being
stacked successiv LD S fra e bottom, .The second processing
unit group G2 i ncﬁiﬁeég?bm%d %5‘%?’2’%'5 Hg] E%'tg’, E%Srtmﬂﬁrﬂﬂo&eséé'\‘/&%%ng
gni tls 40 to gwtprrG}tjppLL;de@ a tdevpé@trr etoct)nbtﬁ)l\é\ahﬁtr 6w for p;l;mi!m@t tiae
evel opi ng § €88, 0 vV eing stac ccessively i ive
st ages from%’ﬁfeé)rgo?\foﬁltn Fﬁ:gt ﬂ‘%ﬁ%ﬁéﬁ% I C&ﬁ&ﬁ% rE?% ahd @%S?PSLBﬁl yi ng
v?rit(r)]uslﬁ;i ndenopepa tures t of tihd mpfietsW, @ tl‘@ni;iig_mri dlrritC&ltﬁt@i’ﬂﬁlahQ'férﬁi each
of the processi war S n re di spos ower nos
st ages of tﬁzl%T ir‘ggr@pr\éfgeggﬁgjge%#ﬁ{glggg%%lp ﬁ'gﬁnggsg@o pryt sggﬁ unit
group @, rdspatmend ynifO@E8]to 68I fgrﬂmea'a'mgnthe, \A@‘e$hW4mtr?diséFiLmit§, fthe
third processi;ng uni u includes.a t erature contr unit 60 for
pl aci ng thesrgééﬂgrg%(g?&’ %y%ggﬁﬁé\@gtydpen%%ts%ggeﬁﬁgépént ecéﬂfm-the 15
tenperature [@022k wafer W a transition unit 61 for transferring the wafer
W tenpgrature control, units to 64, and heat.treatnment its 65 to 68
f or heaﬁ)ng t he wgher tb\% th%g'gt niq@cﬁéﬂﬁjgst‘éElgedgéﬂGé’@esg"l%el'\?Cl?%dﬁ?;ne
stages fromprozdssin@mun{t8022ir 2ambphe, fouwerhppranessidihtedi tugitoyp, G4
Includes 4 ehaking units 71 to 74 for heat treating the wafer W after the
resist coating process, and post baking units 75 to 79 for heat
treating the wafer W after the developing process, those units
25 being stacked successively in ten stages from the bottom.
[0023] : "
In the fifth processing unit group G5 includes a plurality
of heat processing units for heat treating the wafer W, for
example, temperature control units 80 to 83, and post-exposure
30 baking units 84 to 89 for heat treating the wafer W after
exposure, those units being stacked successively in ten stages
from the bottom.
[0024] .
As shown _in Fig. 1, a plurality of processing units are
35 disposed on the positive X direction side of the first transfer
device 20. For example, as shown in Fig. 3, adhesion units 90



processing units, for exanple,-a tenperature control unit 70, prebaking
wunits 71 to 74 for heat treating the wafer Wafter the resist coating

- process, and post baking units 75 to 79 for heat treating the wafer Wafter

t he devel opi ng process, those units 25 b§i ng stacked successively in ten

stages fromthe bottom [0023] In“the fifth processing unit group.Gb

includes a plurality of heat processing units for heat treating the wafer

W for. examinrgd Qefperkydrephobizing tire veaf®d W 288, stackabsuceepepusle 30
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Bhown 1 Fi gES AR B I8 disrldbic o5tk BER ke Ry afEshoin Sivie Rheheat er w
are stacked saoubsraesfer deviae 2tlages fromthe bottom As shown in Fig. 1,

| - for exanpl e,[ ge exposure unit 92 for exposing only the edge portion of
the wafer WH'S posed on the positive X direction side of the 5 second

transfer device 2For] @2%hple, as showrexanpig. Ola}sashm/ped_ ricb,lﬁ,iyg_&,lgtlmf er
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i mTr[sr Si o]n &B&W@@Ep‘ﬁé@f‘ﬁé%ﬁ%ém ﬁﬁo?é(pa?srlﬂ@ SPPEPRY Bt tarﬁ:Ba§§F'1tace_ of
t he waf er Wtohtlmegimtarfaccmistatndrms,ethfge,blaffgirq%@@liéﬂtbrr}lofz ww£Wﬁbf ml le
the liquid fi.lm.is stayj . he sur.face of 't waf er wever , e
exEoslu(rqgI apéngph?54'%§bggféﬁﬂofh¥?%5éﬁgt ‘d”ﬁoﬂa%P ‘gﬁ'exposure process of
anot her15ypd 00uee] confi gurati on of themr)ezi st tcoa})i tng and devel opi ng system
odj nen ut_an

cont i gurati on ¢ hatl T BABGSHEECEHRAEBLS iy Var HBls Gregt is an
immersion exposure apparatus and can expose a resist film on
the surface of the wafer W through a liquid film, e.g., a liquid
film of pure water, while the liquid film is staying on the surface
20 of the wafer W. However, the exposure apparatus 4 may be
configured to conduct an exposure process of another type.
The configuration of the resist coating and developing system is
not restricted to the illustrated embodiment, but any other
configuration that is capable of performing various processing
25 for coating and development of the resist to be described in the
present specification can also be adopted.
[0027]
Then, the configurations of the resist coating units 30 to
32 will be described with reference to Figs. 4 to Fig. 5. Since
30 the configurations of the resist coating units 30 to 32 are
substantially identical with each other, the configuration of the -
resist coating unit 30 will be described, representing these
units. | o
[0028]
35 For example, as shown in Fig. 4, the resist coating unit
30 has a casing 120, and a spin chuck 130 as a rotary holding



25 for coating and devel opment of the resist to be described in the present
\spechFcation can al so be adopted. [0027] Then, the configurations
- of the resist coating units 30 to 32 will be described with reference to
Figs. 4 to Fig. 5. Since 30 the configuqﬁ§ions of the resist coating units
30 to 32 are substantially identical wth each other, the configuration of
the resist coating unit 30 will be described, representing these units:

[ 0028] 35Form«ambareforashhcﬂUEWBgndFirgtaﬂngt lae wiszejrswvcwgtdig%gr@tj]{ 5§0ﬁ2?3 i ﬁg
[ 120, Ln.chuc as.a r r In
gﬁzl Pgt ating 1‘2&’&)‘5@ gl Jbﬁs&asi%ga9é@n¥r£ﬁepépﬁr cfgl“i'&stlféocaﬁng 120.
The spin chu'cckriiaﬁtblaajm)élors'ma\télanﬂpefoﬁler%a&ﬁﬁ\lﬁ,n%ucgtf&srb 3@2{?’% ;(ntoﬁgctlon
er are di

hol es (not i, trated) for suctioning th

upper (5 surf'gbéfraﬁ? 9%?”9\%9%”9&”%‘%6%\”%5r@qu'ﬁp&%%j«_'rlibebyppﬁfé |
suction brorsurfaceuctTiom wafeesW c8A2BE ABRI opi the gtk dRGck N3 YdRs tReChuck
driving nmechani,sm §31 h?ﬁi n@h. for_exanple, a notor, and can rotdte at a 10
pr edet er ni nedt &HRRJT)T £HE RN HPNESng mechani sm 131. Further, the chuck
driving mecH#@02%] 131 is provided with a Iift driving source, for exanple,

Further . the rot ati i YBeBNUEK: Rd0sTHURRP ShuCkedEBATBom Eehaisan
control secti®h Hvihg, befotSdesamipied laat AiotdrP03Rld can rotate at a
10 predetermined speed by the chuck driving mechanism 131.
Further, the chuck driving mechanism 131 is provided with a lift

driving source, for example, a cylindér, and the spin chuck 130

can, therefore, move vertically. Further, the rotation speed of

the spin chuck 130 is controlled by a control section 160 to be
15 described later.

[0030] :

A cup 132 is disposed around the spin chuck 130 to
receive and recover a liquid scattering or dropping from the
wafer W. The lower surface of the cup 132 is connected with a
20 discharge pipe 133 for discharging the recovered liquid and an

exhaust pipe 134 for exhausting the atmosphere in the cup 132.
[0031] | | |

As shown in Fig. 5, on the negative X direction side

(d"ownward direction in Fig. 5) of the cup 132, a rail 140

- 25 extends along Y direction (in the rightward and leftward
direction in Fig. 5). The rail 140 extends, for example, from a
position outside the cup 132 on the negative Y direction side (in
the leftward direction in Fig. 5) to a position outside the cup
132 on the positive Y direction side (in the rightward direction in

30 Fig. 5). Two arms 141 and 142 are attached to the rail 140.

[0032]

The first arm 141 supports a first resist nozzle 143A for
discharging a first resist solution and a second resist nozzle
143B for discharging a second resist solution. The first arm

35 141 can move on the rail 140 by a nozzle driving device 144
shown in Fig. 5. Thus, the resist nozzles 143A and 143B can



A cup 132 is disposed around the spin chuck 130 to receive and recover a
Jiquidiscattering or dropping fromthe wafer W The | ower surface of the
~ CUup 132 is connected with a 20 discharge pipe 133 for discharging the
recovered liquid and an exhaust pipe 134”f or exhausting the atnosphere in
the cup 132. [0031] As shown in Fig. 5, 'on the negative X direction side
(downward direction in Fig. 5) of the cup 132, a rail 140 25 extends al ong
Y direction miave héromghrespedcting | sfamartsly distationen i145A g.arfkd . T4%Br ai |
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the cup 132,nezalendriwing dehdceutddce of the wafer W
10 [0033] _
As shown in Fig. 4, the first resist nozzle 143A is
connected to a first supply pipe 147A in communication with a
first resist solution supply source 146A. Further, the second
resist nozzle 143B is connected to a second supply pipe 147B in
15 communication with a second resist solution supply source 146B.
For example, resist A for ArF liquid immersion exposure having
a surface tension of 28.8 [mN/m] is stored as a first resist
solution in the first resist solution supply source 146A. For
example, the first resist solution is controlled to have a low
20 viscosity:(for example, 2cp or less) for forming a thin resist film,
for example, a resist film of 150 nm thickness or less.
[0034] .
‘A second resist solution having a surface tension different
from that of the first resist solution is stored in the second
25 resist solution supply source 146B. The second resist solution
may have resist cOmponehts identical with those of the first
_resist solution and have a surface tension different from that of
the first resist solution due to the difference of the solvent
content. Alternatively, the second resist solution may have
30 resist components different from those of the first resist
solution. ‘
[0035] .
Valves 148A and 148B are disposed in the first and
second supply pipes 147A and 147B, respectively, and the resist
35 solutions from the first and sécond resist nozzles 143A and
143B can be discharged or stopped being discharged by the



Sin the radial direction of the wafer W™ The first arm 141 can al so be
'\Iifted'by the nozzle driving device 144 and adjust the height of the resist
" nozzles 143A and 143B. A resist nozzle noving nechanismis constituted by
the first arm 141 and the nozzle drivi nglzdevi ce 144. 10[ 0033] _ As
shown in Fig. 4, the first resist nozzle 143A is connect ed._to a first
supply pipe 147A in comunication with a first resist solution supply
source 146A Oopanitt@and hosagoal vabetstl 4@k zred 148Bi s connected to a
'second suppl %O(mg 147B in 15 comunication with a second resist solution
supply source 1468B. For exanple, resist A for ArE |liquid inmmersion exposure
havi ng a surface t\Windrothefs2&age]of\tihe wafet is edadedawltiir sivo esirsbore
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12 solution changes, the surface tension of the resist solution, of
course, also changes.
15 [0037]

The second arm 142 supports a first prewetting nozzle
150A and a second prewetting nozzle 150B. The second arm
142 is movable on the rail 140 by a nozzle driving device 151
shown in Fig. 5. Thus the prewetting nozzles 150A and 150B
20 can move from each of stand-by stations 152A and 152B
disposed outward of the cup 132 on the negative side in the
direction Y of the cup 132 to a position above the central
portion of the wafer W in the cup 132. Further, the second arm
- 142 can be lifted by the nozzle driving device 151 and can
25 control the height of the prewetting nozzles 150A and 150B. A
resist nozzle moving mechanism is constituted by the second
arm 142 and the nozzle driving device 151. |
[0038] |
A prewetting liquid is supplied to the first and second
30 prewetting nozzles 150A and 1508 by a prewetting liquid supply
mechanism. The prewetting liquid supply mechanism has a
supply source 154A for a high surface tension liquid (HSTL), and
a supply source (solvent supply source) 154B for a solvent
capable of dissolving a resist (hereinafter also referred to as
35 ‘resist dissolving solvent”) (SOLVENT): “"Resist dissolving
solveht” is not limited to an ordinary solvent that is contained in



openi ng and cl osing of valves 148A and 148B. [0036] When the surface
of the wafer is coated with two or nore kinds of resist solutions having
" identical resist conponents and 5 different only in the viscosity, only
one resist nozzle may be provided. In thllrﬁs case, the resist can be supplied
to the one resist nozzle through a solvent content control mechanism (for
e§<arrpI e, a mxer capable of varying the mxing ratio) connected to a resist °
sol ution resam\aidinany resist \seﬂmtloasﬁemdusdeheg libeurésct cempamemts,t he
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g:ﬂtggl|P?¥3§9§9?zhﬁnﬁ8¥%§§ Bev“ﬂaﬁﬁ%& caHFQB rog
hei ght of tmommmthyh@tn@zzaestaltéow@rwmg’»oa %mbﬁngt railtziia;J asrwalr:lég
ggg.hggl i?l SEFS&@%’ (;P??(ej\/\eh'\t'}r%'ﬁﬁéo L&aciug%ﬁéw Qﬂvl{y@egﬂq l&&y%réosecond
30 prewetti dgdn9>mescmw,€\cgokd)h1é5®\m?reﬂSmrﬁaa\ﬁégﬂrﬁmld;ng@lﬂ @§Bpﬁisnéurrnce i54A
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suppl y sourcfe)' axdidigler RIWo(pers vwatest)l 3ndf(d3;$sl_:gy|0{l/3\utl9@oﬁad’c©ﬁle3t The
Egg_\e/'Em; L i st%qﬁégél ggﬂé'%gglslv%wp rﬁe@bﬁé‘t %‘?Wictee ars o??in%iﬁf:gfe@ol vent
t hat islBonttemlroa@h a first line 155A to the first prewetting nozzle 150A.
The solvent supply source 154B is connected through a second
line 155B to the second prewetting nozzle 150B.
[0039] _ :
The prewetting liquid supply mechanism further has a
20 supply control section 156 for controlling the state of supplying
the prewetting liquid from the first and second prewetting
nozzles 150A and 150B. The supply control section 156 has a
connection line 157 for connecting the first line 155A and the
secdnd line 1558, a valve 158 interposéd in the second line
25 155B at the downstream of the connection point to the
connection line 157, a valve 159 interposed in the first line
155A at the upstream of the connection point to the connection
line 157, and a valve 160 interposed in the connection line 157.
Further, the connection line 157 extends beyond the connection
30 point at which the connection line 157 is connected with the
first line 155A to form a drain line 157A, and the drain line 157A
is in communication with a not illustrated drain section. A
valve 161 is interposed in the drain line 157A. Preferably, the
valves 158, 159, 160, and 161 are automatic air operation
35 valves and controlled by a control section 160, described later.
The valves 158, 159, and 160 are valves having a flow rate



13 an ordinary resist solution for dissolving the resist conponents, but
smay be sel ected from various sol vent capabl e of dissolving the resi st
" conponent. The high surface tension liquid has a surface tension .higher
than that of the resist dissolving SOqu t S5and, in.this sehse, this is
~referred to as "high" surface tension solution in the present
specification. The resist dissolving solvent may be, for exanple, O0K73

(m xed sol utéamtroi furgtidreria gtyédd nmom dines mderﬁng¢cldsl?@Eﬁuram?pranmloene
| ycol nono r.,.ac . ) (7.3, 10 Xi ratig);. surfac
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(cycl ohexanamed stbflacenagnsalsn obe33 shuthffm .va¥VeFdShhaM@g @nls,urftheﬁa g
tension hig f may be, for exanple, [MVV% ure water,) an
GBL (y-butyp%#%%pﬂﬂgﬁgg#ﬁg-ﬂﬁgﬁﬁgﬂrfacguEQM%}quPFG%id”§W% ﬁ&ngodFU€d154A
i s connebt edsupplyhmeghaaidinr showmeinl 554. t 9, tm@ldériars]tﬁs @LQM&ﬁ Imﬁ?jﬂ?l?lﬂ e -
150A. The sa p e 154B is connected through a secon ine
155B to the(géﬁghﬁ§§rﬂ&éfﬁﬁﬁ%ﬁhozzle 150B. [0039] The prewetting liquid
supply mechdid@#@iurther has a 20 supply control section %56 fOL f |
controlling the state Y [ ttl liquid fromthe first an
second preaetting z§§é§F§@6A¥§ﬁg @Q%Bgoﬁ “§H§§Wy Pofngtﬁ¥ién $56 has
a connect i orsthiteewh&ref arpraweatth g g tife cbimptigir:\@ea hgl:')ééld;gigdiheoﬁ(thénd
line 1558, \ . j-nte ed. i_n Seco ine : at. the .
downst r g&m ?)rfest?#e/%c%gﬁlé)éﬁbo%ﬁgﬁrﬁh at'"bcs [}ﬁ? gUH eéf’f'?ﬁFq &ﬁé‘si%'?, ﬁg_u{fil Ve 159
i nterposed isuppléedi framl ithe IBSA @ﬂ‘eW'eit'Lr@tmeazﬂleOfliﬂA, canded Istiatpol nt
to the conn i i VA d a valye 160.inter i n_.the,.connection
| ne 157 RSPREE & e Iitufcl BRLY coPsHbBL8r BBG b isheliganhiaan: on o
poi nt at whisgivend isosmaptiédnfrbinnethléS'Seic@m:btpmlewadinég'?;r\fozzhé 1508t chhne
155A to for drai_n_Liine _157A. and the drain_line i,s I.n, comruni cation
with a not iraéus%ﬁggt]@éadrﬁﬁ%gé%éiyon.mA g%?vepi%‘i’e‘ltémi%t diHH8ed siUerﬂMe
drain | 1Be Inésharrisfer abhat ilshebyattlgsiingﬂﬂ*:? l@vgé6060anﬂ6ifﬂar@dtel62 160
automatic aiy_operation,35 valve ontral]e a_control section 160,
descri bed | aﬁ%‘ﬁ)?oﬁ%é'%ltg‘gsvﬁgﬁﬁ 31@ tﬁﬁdrefdék é:ﬁés%%'()@ss‘ﬂéﬂﬁ%cﬁnf P8w rate
14 supplied as the prewetting liquid from the second prewetting
nozzle 150B to the wafer W. Further, by closing the valves 158
and 161, opening the valve 162 and opening the valves 159 and
20 160 each at an appropriate opening degree, a mixed liquid of
the resist dissolving solvent and the high surface tension liquid
mixed at a desired mixing ratio can be supplied as the
prewetting liquid to the wafer W. The valve 161 on the drain
~line 157A can be used for discharging the mixed liquid
25 remaining in the portion of the supply control section 156 to the
drain when it is intended to change the mixing ratio of the
mixed liquid for example. "
[0041]
It should be noted that the wordings “first” and “second”
30 assigned to the names of the elements used for supplying the
prewetting liquid do not sometimes conform to the recitations in
the claims. '
[0042]
The relation between the nozzles and the arms is not
35 limited to that illustrated in the drawing. For example, the first
resist nozzle 143A and the second resist nozzle 143B may be



control function in addition to the opening/closing function and are,
preferably, automatic air operation valves. The valves 160 and 161 may al so
" bé shutoff valves having only the opening/closing function. Further, in the

prewetting liquid supply nmechani sm shown Aégn Fig. 4, F denotes a filter and
FM denotes a flow neter. [0040] apparent fromthe configuration
shown in Fig. 4, a state where a prewetting liquid conprising a m xed
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Conport ed by adetironandamputdr “RBYIRG S BUT a “memory, eto. and can ¢
realize the resist coating process in the reS|st coating unit 30 by
executing programs stored in the memory, for example.
Various programs for realizing the resist coating process in the

20 resist coating unit 30 are ones stored in a storage medium H
such as CD (compact disc) that can be read by a computer and
installed from the storage medium H to the control section 160,
for example.

[0044]

25 The coating process performed by the resist coating unit
30 will described in connection with the whole processes to the
wafer performed in the coating and developing system 1.

[0045]
First, as shown in Fig. 1, unprocessed wafers W are taken

30 out one by one from the cassette C on the cassette mounting
stage 10, and then conveyed suc'cessively to the processing
station 3. The wafer W is conveyed to the temperature control
unit 60 belonging to the third processing unit group G3 of the
p_roce'ssing station 3, and the wafer temperature is adjusted to a

35 predetermined temperature. Then, the wafer W is conveyed by
the first transfer device 20, for example, to the bottom coating



5[.0043] The control section 160 controls the rotational operation of
st he spin chuck 130, the noving operation of the resist nozzles 143A and

" 143B by the nozzle driving device 144, the discharging operation of the
resist solution fromthe resist 10 nozzl Es 143A and 143B by the val ves- 148A .

and 148B, the noving operation of the first and second prewetting nozzles
150A and 150B by the nozzle driving device 151, and the di scharging

oper ati on ofurnibe34y ewevhiaky aln qnltmeflretamaméllfn listfornted.ec Subgugyehtliyng
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performed byft tesisesicdtingatinitg BOi to 32 Wit edesapldedhenresisneddtpngwi t h
t he whol e pr s to the wafer perforrred In the coating and devel op| ng
system 1. d‘%ﬂgsﬁﬁl rst, as shown in Fig. 1, unprocessed wafers Ware taken
30 out one t[}()(lﬂﬁa] fromthe cassette C on the cassette mounting stage 10,
and thegoconveyed Succ ocessj.ng station 3. The wafer Wis

essi v to th
conveyed-to the t qréfs”% C%Fﬁ?% lfﬁe W%@Pgn@rﬁﬁeﬁé iheth@i Fasist
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coating process in the resist coating unit 30. Fig. 7 shows a graph
showing the rotation speed of the wafer W in each of the steps.
15 [0047]

First, after conveyed into the resist coating unit 30, the
~wafer W is held by the spin chuck 130 by suctioning, as shown
in Fig. 4.
[0048]
20 It is assumed here that the resist solution to be coated is
the resist A for ArF liquid immersion exposure, described above.
The surface tension of the resist solution is 28.8 [mMN/m]. Then,
a resist dissolving solvent stored in the solvent supply source
154B is assumed as OK73, described above. The surface
25 tension of OK73 is 27.7 [mMN/m], which is lower than the surface
tension of the resist solution. This is a situation where
fingering is likely to occur, according to the pri'nciple which will
be described in deteil later. In this case, a high surface tension
liquid is mixed to OK73 to prepare a mixed liquid having a
30 higher surface tension than OK73, which is supplied as a
 prewetting liquid to the wafer. ' "
[0049] | |
The first prewetting nozzle 150A at the stand-by station
152A is moved by the second arm 142 to a position above the
35 central portion of the wafer W. Then, the valve 162 is opened,
and the valves 159 and 160 are opened to a predetermined



16. unit 34, in which an antireflection filmis formed. Subsequently, the
wafer Wis conveyed by the first transfer device 20, for exanple, to the
" heat treatnment unit 65 and the tenperature control unit 70 successively,
and subjected to predetermined 5 pr ocessli7ng in each of the processing
units. Then, the wafer Wis conveyed by the first transfer device 20 to one
of the plurality of resist coating units 30 to 32, for exanple, the resist
coati ng uni topenin@odegreeAwithi ébeofvalveps 1838t badcdsf 1 nglgent.essThe t he

5. Show St FRaltd rebe eGR4 e EOTES: Wflstho S
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sol ution. THxpesnestaluaxamplderte tiengkesaribed Idtee) yarid e woatasgor di ng
i gh subPacdTiest B 32 Fan e HEaHetd Suleh, b8 iheyfolrpttacrion £80a °
having a 30 dlilgheatyaliyaceontradsorthehaprawedtingi tiguid sumppliyedcaste!
Phe st and-by T o8 el B a8 e e Tl usIP Sy m 142 16 & position
above the [0050] .
In a state where the wafer W is stopped, the prewetting
15 liquid comprising the foregoing mixed liquid is supplied from the
first prewetting nozzle 150A to the central portion of the wafer
by a predetermined amount (prewetting liquid discharge step S1
in Fig. 6). As shown in Fig. 7, the wafer W is rotated by the
spin chuck 130 at a first speed V1, for example, of about 500
20 rpm and the prewetting liquid on the wafer W spreads over the
whole surface of the wafer W to bring the whole surface of the
wafer W to be wetted by the prewetting liquid (prewetting liquid
spreading step S2 in Fig. 6). During the prewettihg liquid
spreading step S2, the first prewetting nozzle 150A is withdrawn
25 from a position above the wafer W and the first resist nozzle
143A at the stand-by station 145A is moved by the first arm
141 to a position above the central portion of the wafer W.
[0051] '
Thereafter, the valve 148A is opened to start the
30 discharge of the resist solution from the first resist nozzle 143A
‘as shown in Fig. 7 and the supply of the resist solution to the
~central portion of the wafer W. Thus, the resist solution coating
step S3 (first stage in the resist film forming step) is started.
In the resist solution coating step S3, the rotation speed of the
35 wafer W is increased from the first speed V1 to a second speed
V2 at a higher speed, for example, of about 2000 to 4000 rpm.



35 central portion of the wafer W Then, the valve 162 is opened, and the
wal ves 159 and 160 are opened to a predeternmined 17 opening degree wth
" the valves 158 and 161 cl osed. The opening degree for the val ves 159 and
160 are adjusted such that the resultant, surface tension of the m xed
liquid is an appropriate value, for exan]pqse, of 30.4 [mMN/n], which is
hi gher than the surface tension of the resist solution, 28.8 [mN'nj. The
m xing ratioThe tdatiesispeeld ssbthengafervantwanch t|betHé g’lﬂ’sftuéﬁééé {/gnsi on
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[0052] _
The discharge of the resist solution by the first resist
‘nozzle 143A in the resist solution coating step S3 may be
20 continued until a point of time during the below-mentioned
planarizing step S4. Further, when the discharge of the resist
solution is terminated, the first resist nozzle 143A may be
moved to displace the discharging position of the resist solution
from the central portion of the wafer W.
25 [0053]
When the resist solution coating step S3 is continued for
a predetermined time and then terminated, the rotation of the
wafer W is decelerated to a slow speed, for example, a third
speed V3 of about 300 rpm as shown in Fig. 7, so that the resist
30 solution on the wafer W is smoothed and planarized (planarlzmg'
step S4 in Fig. 6 (second stage in the resist film forming step)).
- [0054] -
When the planarizing step S4 s continued for a
predetermined time and then terminated, the rotation of the
35 wafer W is accelerated to a medium speed, for example, to a
fourth speed V4 of about 1500 rpm as shown in Fig. 7, so that



35 wafer Wis increased fromthe first speed V1 to a second speed V2 at -a
shi gher “speed,” for exanple, of about 2000 to 4000 rpm 18 The rotation
" speed of the wafer W which is the first speed V1 before starting the
resist solution coating step S3, is ther@fter gradual | y accel erated such
that the rotation speed is continuously snmoothly changed. In this step, the
accel eration 5of the rotation of the wafer Wis gradual |y increased, for
exanpl e, frotheeesisteiutiaowar dheheaéad Wiistdidetiegd stingostdp $5 ¢oatigng

step S3, thega r At Of e tion of the wafer Wi radual |,
declroeased an mlgoﬁtﬁﬁﬂﬂ E%geﬁé%&lt#ﬁ@nm&@_’%%%m hfp%a@l@i%to t he
second speedréglst Tihos (photoddsisbdilnesis fosmled bantle@atafg @t.ep. S3, the
rotation spe@do g]the waf er Wchanges fromthe first speed V1 to the second
speed V2 so as ?o trace an S-shaped curve on the graph in Fig. 7. In the

resist sblution colftieng cemapl&3ont l‘cgd;td!m;/zgr)t%i@igﬂbﬁrgﬁ%gﬂ!ﬁt;@iag\gl, E)Pﬁ?he
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Lok b by AT bt e oo DU dndcherates of MR bty
Step 53 my o190 CbBHISRLALRRETE DrpBIae s (T duri ng the
bel ow ment 1 056 anarizing step S4, Further, when the discharge of the
(rjie::oisgc;elt Etel glnsl:ﬁ%ftrtgf nr?&réghggﬁtg%g%tfmghgr‘?%%ﬁ%t tl%%lvﬁ?ﬁ%’nv\?riérﬁ%%@%%ﬁt ral
portion of the e dirsty tramgfeesaevice 2%,.¥?ere>tdﬁllglp{lﬁ$lt§%etf|@! E’fg%agékﬂ? tel ng
?E)tegt isgnI 2f hitetI %?gp-f%iigh%ﬁegﬁisgme t'8 %'[%’ @pe 2XE 0N @ W ’re_,Wa
o e S0 T oarer sdeticspatats e (HeC %),
Lo o SRR A STob AR, N, BBl AL M e B e
pl anari 2bng sutaqesSively, camd i sutsikdted € predetermined treatments in the
respective units. Then, the wafer W is conveyed by the wafer
conveyer 101 -of the interface station- 5 to the exposure
apparatus 4, and subjected to imme_rSion exposure. Thereafter, |
the wafer W is conveyed by the wafer conveyer 101, for
20 example, to the post-exposure baking unit 84, in which the
wafer W is subjected to post-exposure baking. After that, the
wafer W is conveyed by the second transfer device 21 to the
-temperature control unit 81, in which the temperature of the
wafer W is adjusted. Then, the wafer W is conveyed to the
25 developing unit 40, in which the resist film on the wafer W is
developed. After the development, the wafer W is conveyed by
the second transfer device 21 to the post-baking unit 75 in
which the wafer is subjected to post-baking. Thereafter, the
wafer W is co'nveye'd by the first transfer device 20 to the
30 temperature control unit 63, in which the temperature of the
wafer W is controlled. Then, the wafer W is conveyed by the
first transfer device 20 to the transition device 61 and returned
by the wafer conveyer 12 to the cassette C. A series of steps
of the wafer processing is thus completed.
35 [0057]
It may be considered that, depending on the processing



predetermined time and then terminated, the rotation of the 35 wafer Wis
saccelerated to a nedi um speed, for exanple, to a fourth speed V4 of about
"~ 1500 rpmas shown in Fig. 7, so that 19 the resist sol ution on the wafer W
is dried (drying step S5 in Fig. 6 (thirg stage in the resist filmforning
step)). Thus, a thin resist film(photoresist film is forned on the wafer
W . [0055] - After conpletion of the drying of the wafer W the
rotation of $HEdEPIWhe cradppednddevelioging systérm afeovesatingmat he

spi n chuck ry of, resi C ' rQcess .Ls
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and subj ect &geaand nresist onogx|msiv 8B. Thatheafveeralt hdowafefr the Sskqalmngy_Ed by
the wafer c 0 f 20. exappl: e pQstr expos King. unit
84, in whic t he v?/g eEFO\I;V ?éesggﬁgc@d%OEQI()L}S'{PSBxgisc{Jr eba%ﬁ%ﬁgﬂ?glrslét hat ,
the waf er wsaution épay be the sswvend I shid e:asd:eviifcme’ZSun'ﬁM%e:emm;)iﬂr_?_Lure
control ¢gni t [ | - T, fer I S | ust ed. en,
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filmon the ther éirstvriesistesel wped, aAfnreweﬁténgldWMtﬂommﬂprismgvmfmﬂ%d! S
conveyed by | S t capsf,e ' o] -haki ng. unit 75 in
whi ch t he vvaﬁd;sdi g%%gfqeéte téoggés{@fgoafimé. h@ir%@'ﬁ%&% ?'ﬂg'%fl@ru'ﬂll s
conveyed by deferminad basest en the isteface ttenshen aﬂfﬁeareneeabaﬁweeunﬁml ]thm t
63, in whic : r i ont Jed. T e waf er
Wis conveygét?tdgﬁ]c{ ﬁg@ﬁtﬁ%{)’fﬁ}%éﬂy C(yj\@g?éeﬁl]vf(fpg ?H@&@?@W%%@ﬁée 61
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of the Waferwﬁfd?F‘ﬁséé‘H\;i&séa“@nI?O%'@i(efé avd LRBRA is not mixed with
' the high surface tension liquid, may be supplied from the
second prewetting nozzle 150B. Also, when the surface tension
of the second resist solution is higher than the surface tension
20 of the first resist solution, a prewetting liquid comprising a
mixed liguid having a high content of the high surface tension
liquid, determined based on the surface tension difference
between the second resist solution and OK73, may be supplied -
from the first prewetting nozzle 150A.
25 [0058]
According to the foregoing embodiment, the rotation of
the wafer W that has rotated at the first spe'ed V1 before the
start of the resist solution coating step S3 is gradually
accelerated such that the rotation speed changes continuously
30 after the start of the step S3. The acceleration of the rotation
of the wafer W is gradually decreased and the rotation of the
.wafer W is converged or settled to the second speed V2 upon
the completion of the step S3. Coating spots can therefore be
suppressed even when the wafer W is coated with a small
35 amount of the resist solution. Accordingly, the amount of the
resist solution used can be decreased and a thinner film can be



20. schedul e of the coating and devel oping system after coating a certain
wafef Wwith a first resist solution (resist Afor ArF solytion I mrer si on
~ exposure at a surface tension of 28.8 [nN'nj in the foregoing enmbodi ment)
by using the first resist nozzle 143A, ther wafer Wis coated with a
second resist solution different fromtHhe first resist solution by using
the second resist nozzle 143B. The overall flow of the coating processes
for the firsformedst sbudthem 4he tdmstsecand besisstvesh! ut iipn hay beehhe

e Tower 1 ha ha aaPFay SoliARE SRRLAR, Aot BEREREsE Fegt 3R 11"

prewetting |bguidcraaged dhyn@bouti 1680 ibyuict aiminggt e | rotationt epecd dhe
hi gh surfacec eem@r} éé%&rﬁ%gb?{\}bgd based on the surface tension

di fference between the secon ol ution and OK73, may be supplied

from t heSfir[203%] prewetting nozzle 150A. Alternatively, a p(rjevvget}]i ?ﬂ o
surface tension | Qe whgted SheBt Ba WRoMae WEiSinchasee Sha Rzl o
150B. Al so, wpen the discliange Dérmeo"e!;ifsttm_a‘sewmdt@@itﬁél‘ﬁ?:fﬁﬁl'w_rbﬂ 8
prevetting 1 SPESREErd IS nfabher i dMSSnRotafvedRonaiBinthod  ne
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1ot O R, BE R SIS Bl SO SRS L e B BB o ng
enbodi ment, thee wafari oN. of t AthewefereW thet resistr osalaibmt R hgpfﬂgﬂglgl ;peed
accel erat ed AT (LN, e o tis BB  Rlseliei skodo Oseter t he
start of thepaitéquiasly 'ghbeacume wmdtm(f)tf @;fht(:aﬂi\@ ?@ﬁ&ﬂ”ggﬁbgﬁg&@?”\sﬁé{i od
gradual 1y o5 S23iat8 R Tk hRR0Blnd EatBbRimEnty 48 VR SroteHane,
can. t helBf orapard safppheswade e WnisioemtrbHedaker ayVics tc@@é];eegh\églrégws?ps?&al |35
AN T Ll ROV N
change so much, immediately after the supply of the resist
solution to the central portion of the wafer W. Thus, a strong
centrifugal force does not exert on the resist solution R and the
20 resist solution PR spreads outward uniformly. Further, the
rotation speed of the wafer W continuously changes thereafter,
so that the resist solution PR on the wafer W spreads smoothly.
The above is considered to be the reasons why the fingering
does not occur even when the amount of the resist solution is
25 small.
[0060]
The foregoing resist-saving technique using the change of
the wafer rotation speed during the resist coating is specifically
described in JP2009-078250A (Publication of Japanese Patent
30 - Application No. 2007-251056), corresponding to
US2009/0087559A1, in which some of the inventors and the
| assignee (applicant) are in common with those of the present
application. Therefore, no further explanation is made in the
present specification. '
35 [0061] B
' Further, according to the foregoing embodiment, the



21 forned. Further, the cost can be saved.lt has been experinentally
wconfirmed .that the ambunt of the resist used can be decreased by about 10%
" by changing the rotation speed of the wafer as described above. 5 [0059]
If the rotation speed of the wafer Wi sjﬁqcreased sharply upon the
di scharge of the resist so as to rotate the wafer Wat a high speed from
the initial period |like the conventional nethod, a strong centrifugal force
exerts on thHeoseibikty saofi dheowceRIf@nte104fthee fihgesimpl gaof beheetesisit
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15 T[0062]

Since the reduction of the resist solution Consumption
achieved by the use of the technique for controlling the surface
tension of the prewetting liquid is very large, the combined use
of the technique for controlling the surface tension of the

20 prewetting liquid and the technique for .changing the rotation
speed of the wafer is preferred. However, it may be considered
that they are not used in combination in some cases.

[0063] ' « _
The inventors consider the reason that the advantageous
- 25 effect can be obtained by controlling the surface tension of the
prewetting liquid is as follows. _ -
[0064]
- Fig. 8A schematically shows a state of an interface I
between a resist solution PR and a prewetting liquid PW _

30 spreading radially outwardly by a centrifugal force shown by a
blank arrow, when the surface tension of the resist solution PR
is higher than the surface tension of the prewetting liquid PW.

~ (Note that, since the resist solution PR and the prewetting liquid
- PW are dissolved in each other near the boundary therebetween,

35 no distinct interface is present. However, for the convenience

of the explanation, the wording "interface I" is used herein). In



possibility of the occurrence bf the fingering can be reduced remarkably
wunder the conditions where the anount of supply of the resist solution is

" identical and the wafer rotation speed (particularly the second speed V2)

is identical, by using the 5 prewettingoaiquid having a surface tension

hi gher than that of the resist solution. As a result, a thin and uniform
resist filmcan be formed wwth a small anount of the resist solution. By
the conbi nattinos G¥se,hene desisli AglutdonnPRuesesrbefanegthg interfateti doespeed
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resi st sol uthqroRRe halvmggea sirfacehtersionact 288s[0TNah ]t & theevetistng

i quid Pw ard BRSTrnd o7 3 ARTIEE Shrkdee P BieR A 4 AT B cnS Y asno

- di sti nclSi nttivef peewiestipge sientid. Hdwewlars chee, tihe cepigtnsehuttofmiuze be

expl anat) on.c ol i 00 SLAGE d ko Pl 357RIEVER Dl Becidle gPose,
of the surfdbe tiingesing Tlearen t keheni sk paotting ofetnm rési siptholizédon PR

nterface | GosEl e herr Rl 8 8k EBRbHLRMIne Efe iy V¥ a W

anyvx/nere inwa@rcrotcatmrersemeda,l etit.)ecti on of the wafer, and proceeds onto

t he sur foqt liquid filmof the prewetting quuid PW as i ndi cated by
a SO|Id is considered that the fingering is generated by such
behavi or. On the contrary, when the surface tension of the

prewetting liquid PW is higher than that of the resist solution PR,
the prewetting liquid PW rises near the interface I as shown in
Fig. 8B. Since the raised portion of the prewetting' liquid PW
25 undergoes a (radially outward) centrifugal force in this case, it
does not override the interface I between the prewetting liquid
PW and the resist solution PR and moves ra'diaIIy outwardly as it
is. It is, accordingly, considered that the above is the reason
why fingering does not occur. In this state, the resist uni'formly
30 diffuses concentrically from the central portion to the ‘peripheral
portion of the wafer. | -
[0067]
The phenomenon as shown in Fig. 8B occurs, for exampie,
in a specific combination of a resist A for ArF'quui.d immersion
35 exposure having a surface tension of 28.8 [mN/m] as 'the resist
solution and CHN having a surface tension of 33.5 [mN/m] as



10. [ 0065] The phenomenon as shown in Fig. 8A occurs, for exanple, in
‘a specific conbination of a resist Afor ArF |liquid inmmersion exposure

" having a surface tension of 28.8 [nMN/'ni as the resist sol ution and OK73
havi ng a surface tension of 27.4 [nN nj 5 15 the prewetting liquid. In
this case, the resist solution nmust be supplied at |east by about .0.60 nL
to prevent the occurrence of the fiqgﬁring even when the coating_reC|pe S
optim zed (dp&ipresetityngdimuicol b thie case, mhen rihe cofating meespstis

| ution, s ti et . [ : t ontrary,

when t he sﬁﬁﬁé'?%ﬁéi%??‘?ﬁ@g@ ks, AR PGt dF shn seffbgnsonfifn @k of

the resist suipplied R leasé pye DuJitg@.ZSqtﬂ)dOFB/BrT]'&es mﬁfa::?fuhee)l riheal(‘jagsvl
h [ | | nce rad: L on e i ng.lLiqui

5 tmderqoacast  Wherd e bPEWERHRGT, ALY O fbskl SHTEREL teliohT s oo

not. over pi deadjustedt eefacdeschidageerint heopnewtiar ngq/ilthqutidclaPWCﬂ'le@dihg ,
i st | utd - i-all : it i t 1S’

recor di ngl y. CBIUTISINMES i Gipeht St RAOVRT Figh B8 Ofgbfong does not

occur. In tHiGO&Bhte, the resist uniformy 30diffuses C]EJI’ICEI’]'[BI cgl I yl'hf rom

th tral porti ' ' i . e

bhenonenon as showy T £ BEEFAEEEBhsRHS 'STef, (duish ¥eflpjory AR the

conbi nat i on pevaet@Bgsiquid aresubstiantially rdentical, 3% espuwstkablbariisg a

Cirt aceDEndln et A Ao ob L Hadolht RN RRY, 2,
when t he coa&l‘mdmg‘._hee@rgwgt{inxj)tliqﬁiziesli,de.heHdvmgeei‘,nt;hdcfélsgeoihg)q?%lmelzrgge
o hase Witk Y e 93 PntBha S8R, e Dtte g A
descri bed i rswdaaectension of the rasisysiohgtiombdslilowers thahetipherofmehen as
shown in Fi g, RQ56Y" $iqdif%%8lsuch a state occurs, for example, in a
15 specific combination of an ArF dry resist solution (for usual
éxposure, not for immersion exposure) and an OK73 prewetting
liquid. In this case, if the coating recipe is optimized and the
resist solution is supplied at least by about 0.35 to 0.40 mL,
fingering does not occur.
20 [0069]
Note that, if a sufficient large amount of a resist solution
is supplied, the fingering does not occur irrespective of the
relation between the surface tensions of the resist solution and
the prewetting liquid. It is estimated that the resist solution
25 uniformly overrides the interface between the resist solution
and the prewetting liquid if the amount of the resist solution is
- sufficiently large even when the phenomenon' as shown in Fig.
8A should occur. '
[0070] _ _ .
30 In view of the above, it is certain that the surface tension
of the prewetting liquid is preferably higher than the surface
tension of the resist solution to prevent the occurrence of the
fingering. The level by which the surface tension of the
prewetting 'quuid is higher than that of the resist solution must
35 be decided in consideration of various conditions such as the
target discharge amount of the resist solution, the coating



When the surface tensions of the resist solution and the prewetting |iquid
are substantial | y identical, no remarkable raise 10 |i ke what descri bed

" above occurs on both the resist solution side and the prewetting |iquid

si de. However, the fingering is likely occur nore in this state conpared
with the .state where the surface tension of the resist solution is |ower
than that of the prewetting liquid. Such a state occurs, for exanple, in a
15 speci fi c resipepaheoromipagitianFofither radist sodlitionerthe oomqsm@ltlcﬁxmsur e,

not for i o] e); andy a 7 t£ing i d this_case, if

the coati nm;Bc;e%mg'é&?&g?gH ﬁ@é@’a%&%héoﬁgﬁ%'o%l ﬁt gﬁ 'gﬁp @a

| east by abdénstosdiquid). eli@:.rrL, fingering does not occur. 20 [0069]

Not e that, i f )ga g'éj)(:i ent |arge anmount of a resist solution is supplied,
r{g oe

the fingeri t occur irrespective of the relation between the
surface bendi0dhslbf the resist sol utlon and the prewetting liquid. It is

estimated that th t overrides the,interf

bet ween the resi st(:a'l)‘(Jj ?hfé%‘%&é#(gf?ﬁ% ’ﬂi‘@é/ﬂia[].%lr# Ot ﬁtf’ ‘gf t he
resi st sol utwizh resfaehfcectwspleymﬂneuegmewmewﬁaérexmppdasnorrenon as shown in
- Fig. 8A shoylyh-pggur. [0070] 30In view of the above, it is certain that the

surface tensi on the prewetting liquid is preferably higher than the
surface tendiExpafimdrtal dstanpdell}ion to prevent the occurrence of the

s rahtd than ¢ hat2 dRePn e darb Y SR Sl e e BE R Fhe T
consi der at i revioualy-aesceibet t irestsstsudh o t e Ft aimgeerdiisnhaggposapeint  of
solution. e S EAEeserRficr28 e 5AMERT) Ris | ed BT iR resiospludiner t he
hi gh surfacé)K@Bsu(«smlrfamutEnsabn R @ndinaN/n])00# 3k used ashdyapesigeous
Z;L:ﬂ ﬁeﬁI a}&ss nﬁﬁggé&[] Z]atnod AR FBEE o h e SIS f)mﬁ\ﬁ)fml]sl ¢
15 was used as a high surface tension liquid. The prewetting
liquid and the resist solution were supplied according to the
procedures which are identical with those of the preferred
embodiment explained with reference to Fig. 7. The second
speed V2 in the resist coating step S3 was set at 2000 rpm.
20 Prewetting liquids having DIW content (DIW amount/(0OK73,
amount + DIW amount) (volume ratio)) of 0%, 10%, 15°/o, 20%,
25%, 30%, 50%, and 100% respectively were prepared. The
supply amount of the prewetting liquid was 2.5 mL. The
discharge amount of the resist solution was increased step by
25 step to examine the minimum discharge amount of the resist
solution allowing the wafer to be well coated with resist solution,
for every DIW content.
[0073] .
The graph in Fig; 9 shows the result of the examination.
30 The abscissa in the graph shows the DIW content, the left
. ordinate in the graph shows the minimum discharge amount of
the resist solution allowing the wafer W to be well coated
(indicated by vertical bars in the graph), the right ordinate in
the graph shows the surface tension of the prewetting liquid
35 corresponding to the DIW content (indicated by blank squares in
the graph). As apparent from the graph in Fig. 9, it was




[ Experinmental Exanple 1] 1012-inch wafers Wwere used in the experinent.
sThe previously-described resist A for ArF i nmersion exposure (surface
" tension: 28.8 [mMVn]) was used as a resist solution, OK73 (surface tension:
27.7 [mMN/'nm) was used as a resist dissolyg ng solvent, -and DI W (surface
tension: about 72 [mMN/nm) 15 was used as a high surface tension liquid. The
prewetting liquid and the resist solution were supplied according to the
procedur es wi@rfirarad ithatt mest wrefierrnad ecagtabiktyPreésr ackicardrbdtmthe

expl ai ned w 1017 secongd; i S eS|
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graph shews ¢&h r ensi f Ar j | i correspondi ng
Yo The bPw conact (iohardn ks Yt pisehrash by k@t yfalbtas appar ent
fromthe gradO74]Fig. 9, it was 26 confirmed that nost preferredWh .
coatability was achiev t .t c r 5% i n i.ch the
di schar ge anount g@gt' hgérr’e%sfaspsgg{ }J§t+i gﬁbggéﬁ%;%% %\&i%ém SRS as
0.40 mL. At the resistocoaténg adrrespomdingrieg theeDEW tantehtnsi @6 ,0100he 5
prewetting |4{ge4d j gdrer ~hhan t t gesistosalution, Further, it
was confi rne%jgﬁ}‘%’atz\%ér%ur?’agg %énés(?%?ﬁ ag{d t]@é ’ebé%?éﬁtdvélyqu‘fva'llenbﬂ%ases
subst ani bal | gischaegel ymbuhtt ot tiherressst csfolUtienDIstokmehtc?ﬁétlam;rrﬁans_
t hat the DI V4 content r i Rg, t tting |Liqui aving a
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content of 15%, 20%, and 25%, fingering was not observed at '
20 all. At the DIW content of 30%, fingering was slightly observed
at the outermost circumference of the wafer and, at the DIW
content of 50%, fingering was observed distinctly. At the DIW
content of 100%, severe fingering was observed.
[0075] '
25 The reason why fingering occurred as the DIW content
was excessively high is considered as below. It is considered
‘that, when the content of DIW as the high surface tension liquid
becomes excessively high so that the surface tension of the
prewetting liquid becomes excessively high, the behavior of the
30 prewetting liquid and the resist solution at the interface
therebetween may become instable. Specifically, it may be
- considered, for example, that when the prewetting liquid PW
rises excessively, the raised portion may be collapsed and
moved to the resist solution PR thereby impairing the uniformity
35 of the resist solution. Further, it is considered that, when a

high surface tension fluid with little compatibility with the resist



15. di s¢charge amount of the resist solution was kept constant at 0.40 ni. At
«the DIWcontent of 0% fingering was remarkable and, at the DI Wcontent of
" 10% fingering was slightly observed at the outernost circunference of the
wafer. At the DIWcontent of 15% 20% 25% fingering was not observed
aif 20 all. At the DIWcontent of 30% fiThgering was slightly observed at
the outernost circunference of the wafer and, at the DI Wcontent of 50%
fingering waSolotiien \setthdiast DI lig. used} ife te W ootdrenbf ahel 0048, s sueee
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0:3 mL, and the minimum discharge amount of the resist
solution capable of preventing occurrence of the fingering was
examined for each second speed V2. |
[0077] |
25 The result of the examination is shown in the table of Fig.
11. In the table, "O" means the whole surface of the wafer
was coated uniformly without fingering; "x" means that
fingering occurred. In the examples, fingerihg did not occur
and the wafer. surface could be uniformly coated when the
30 discharge amount of the resist solution was at least 0.4 mL
irrespective of the second speed V2. On the cdntrary, in the
comparative examples, ‘the discharge amount of the resist
solution needs to be at least 1.05 mL for preventing the
occurrence of the fingering and, in addition, the necessary
35 discharge amount of the resist solution for preventing fingering
was increased as the second speed V2 became higher.



25The result of the exam nation is shown in the table of Fig. 11. In the
table, "0" means t he whol e surface of the wafer was coated uniformy

" without fingering; "x" means that fingering occurred. In t he exanpl es,
fingering did not occur and the wafer s 8{ace could be uniformy coated
when the 30 di scharge ambunt of the resi'st solution was at least 0.4 ni
irrespective of the second speed V2. On the contrary, in the conparative
exanpl es, tHOQ@I8tharge ampunt of the resist solution needs to be at |east

. mL f i .rence of the fingering and, in addition,
éthSnecesg;rlE/E%msﬁc%édg%ém? %r t he resi st sgl ution for preventing
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of the resist %ssolv ng" sol'vent s=(0K73 hd E:PIRG.'?% hilet alsaieladiw Wt (GBL
amount / ( sol eaquamtiyntusedsais aheum)bv,eWt)lfonﬂ:ffeiﬂ"eg)stv\/a@n@‘ycaﬁoﬁ/ef69%@1 15 g
60% angoloog/ér 5ggé)%eﬁéb\éﬁg%\ﬁgmﬁgﬁﬂiggl_of the surface tension of the m xe

l'iquid rel ative content was exam ned. The result
is shown in [0 aph of Fig. 12. Wth both the two resist dissolving

of the GBL 20 contGE. WEEIReUORIR REEN, RLiher asieh cissaly g aivents® °°¢
appr oxi mat i c(rOléﬁ@ aaddfirirélil)rvitbh ha veutf szfjlﬁgonr:@r?tigg?g )ansgzlrmq;ﬁc?viéﬁgu: is
g'rgmg'[t {Tﬁgel)qna-éiuﬁhg_sfﬁgLa%?b?ﬁ&%'@é@@ f@HQ' oW%rd%b (?élqg’nr’rﬁbeo@reasi |y
by cal cibatitdifo, and 100%, respectively. The change of the surface
tension of the mixed liquid relative to the change of the GBL
content was examined. The result is shown in the graph of Fig.
12. With both the two resist dissolving solvents, the surface
tension increases relatively linear with the increase of the GBL
20 content. It was confirmed that in both cases linear
approximation can be done with a sufficient reliability (R square
value is 0.9 or more). This means that the GBL content
necessary for obtaining a prewetting liquid having a desired
surface tension can be determined easily by calculation. '
25 [0080]
| As apparent from the graph in Fig. 12, since the surface
tension of CHN (33.5 mN/m) is higher than that of the resist A
for ArF immersion exposure (28.8 [mN/m]), CHN can be used
individually when the resist solution is a resist A for ArF liquid
30 immersion exposure. However, it is considered that mixing of
GBL with CHN is effective when a resist solution having a higher
surface tension than the resist A for ArF immersion exposure is
used. |
[0081] |
35 [Effect of the Embodiments]
According to the surface tension control]ing technigue for



25. [ 0080] As apparent fromthe graph in Fig. 12, since the surface
~dtension of CHN (33.5 nNm) is higher than that of the resist A for ArF
i Ter si on exposure (28.8 [N/ n]), CHN can be used individually when the
resist solution is aresist Afor ArF lisguid 30 inmrersion exposure.
However, it is considered that mxing of GBL with CHN is effective when a
resi st solution having a higher surface tension than the resist A for ArF
i mrer si on exXghss prewettingdiquidsthe3ml|@virgtadyantagEnbs dffeotsaAcber di ng
to the surfa&&é-ﬁgﬁi on controlling technique for 29 the prewetting liquid,
the foll ow ng advant’ageous effects can be obtained. (1) The
surface tension of(iheTheewirfang Itieqsidni sofcothie olpredvesttireg tiguid hisgher

oner og" LBl 06 500 81 th B AR S U mPa kB i HhEe o
pr epar edSeversist hsalution,| sorotimat othe heccesienceobfit iforgering - can- (B
Prevet U100, Idpbissl | REELRy vl RS, 85 glygaPkLt | se AL SBar Y
sol vent and prepangekevenawhtiyla sovdlhaenoensi amthe qesikt soldithynm xi ng the
o oo oo m S Dl raRite IO MBSO ol ShRISYS Vel Bl ls,,
i s no | ongercatedss paeparedpinesitouslagily; dpaseparatehyt iprgviding dnendypeg 15
oo 19" SR, YRR WSl d Sae BiSe 186 Sk, LRbeY' °° °
(appar at us) .tension liqugJ, @imel dvantxigg thewnesist (@lssaboing isolpantiandar |y
remarkabl e when 1R AR tHRktod ARRAIFES A 2RSSt Snixing ratio,
when the prewetting liquid is supplied. Thus, it is no longer
necessary to previously prepare prewetting liquids having
15 various surface tensions and, thus, it is no longer necessary to
provide a number of processing solution storing sections' in a
coating unit (apparatus). |
. - (3) The advantage shown in (2) above is particularly
remarkable when one coating unit (apparatus) is adapted to
20_ _coat various types (for example, three types or more) of resist
 solutions. In the embodiment described above, in addition to
the first and second resist nozzles for discharging the first resist
solution and the.second resist solution respectively, one or a
plurality of other resist nozzles, for example, a third resist
25 nozzle for discharging a third resist solution can, of course, be
provided. :

(4) When DIW is used as the high surface tension liquid,
surface tension control can be conducted at a low cost. Further,
since DIW is used for various units in a coating and developing

30 system, it is not necessary to provide a DIW supply source used
- exclusively for the supply of the high surface tension liquid.

(5) Burden on a user using the unit (apparatus) can be
reduced. For example, for a us'er who uses OK73 as a
prewetting liquid in principle, if OK73 is intended to be replaced

35 ~with other prewetting liquids, for example, CHN, steps for
changing the liquid and steps of quality confirmation test



20. coat various types (for exanple, three types or nore) of resist

solutions. In the enbodi nent descri bed above, in addition to the first and

~ second resist nozzles for discharging the first resist solution and the

. .second resist solution respectively, ggkor a plurality of other resist
nozzles for exanple, a third resist 25 zl e for discharging a third

resi st solutlon can, of course, be provided. (4) When DIWis used
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solvent.  oe PRHMEEE AR bl SeRE Tosr agbigt HsoapREsning 3

hi gh-purity hslglh/sutfefcm tensies ﬂhun@tcmMeaSUpgﬁe@ to ¥heswiaFage tension
l'iquid can. qﬁg@gfﬁlled to the wafer. [0082] 15The present invention is not
I|n1ted to t escri bed
The present invention is not limited to those descrlbed
above in connection with the foregoing embodiments and
experimental examples.
[0083] |
For example, the prewetting liquid supply mechanism
20 may also be configured as shown in Fig. 13. That is, only one
prewetting nozzle 150' is connected to a supply source 154B for
a resist dissolving solvent and a supply source 154A for a high
surface tension liquid through a mixing mechanism (prewetting
liquid supply control section) 156', so that a prewetting liquid
25 composed only of a resist dissolving solvent, or a prewettin'g
liquid comprising a mixed quuid of a resist dissolving solvent
and a high surface tension liquid (at variable mixing ratio) can
be supplied to the prewetting nozzle 150'. In Fig. 13, reference
FCV denotes a flow rate control valve, SV denotes a check vé'lve,
30 and DR denotes a drain. Solid lines connecting each of the
components are lines through which fluids flow.
[0084]
Further, if there is no problem even .if the resist
dissolving solvent and the high surface tension liquid are stored
35 in a mixed state, a prewetting liquid can also be prepared by
previdusly mixing the resist dissolving solvent and the high



above in connection with the foregoing enbodi nents and experi nental

exanpl es. [0083] For exanple, the prewetting liquid supply nechani sm 20may
" also be configured as shown in Fig. 13. That is, only one prewetting nozzle -
150" is connected to a supply source 15 for a resist dissolving sol vent
and a supply source 154A for a-high surface tension liquid through a m xing
mechani sm (prewetting liquid supply control section) 156', so that a
prewetting |syrfadezensioposquidrbgfort the quiewettingdiqiiy iseuygited 2o a
prewetting |i éﬂe onprising a mxed liquid of a resist dissolving solvent
and a high surtface’'tension liquid (at variable mxing ratio) can be
supplied to E@8plewetting nozzle 150'. In Fig. 13, reference FCV denotes a

flow rate control lL.ye, NOt es check .val ve, 30 .and enotes a
drain. Salid |inesﬂﬁéﬁﬁeﬁ?%é&g‘%ﬁrﬁsopﬁ@%%o%t%o%tﬂ'ég|$<P. IQMri§ugh
whi ch f1 bi dsrefdistvso[Wden] but is notFlimibed thdretber ertis mtmgltle@mn,iquén if
the resist di i he hi surface tensi iquid are .
stored 35i nd%éénﬁj)g\e{ha&%?hé@trsgg&%étefwg’ﬂ}a?ﬁ'at%%azﬂpggagﬂerﬁlgﬁa?%ﬁ'[‘ﬁy
previ ous: y ntoatiggt bé casting dohsbus ngtiset \weratn fth@l Trbgishi gblut%n,stﬁofrggg ]
tension |iqul re,t Iy i iquid is su i e o.a wafer. 5
In the forgg;%))??]@ﬂ%bo%i Eréﬁ?@,eaﬂ?#alhg&ﬂiﬂ)dngm%t?gggpg'rgftegl%? éﬁput on but
ifrbng_t |imt@ﬁmmglreomtiaher@mimgug%nesmtsq@@pa}:ocond'mgssp ﬂlnfm, fa@rﬁ@geihng
enbodi ts i e a the c ng, of. coating. sol utions, ot her
t han tggar es(;o:qﬁ'ggl Et%?‘gﬁgnf o"?’gﬁﬁ\%@[‘ }a(ét?aﬁ%'r%oéﬂt {lgﬁﬁ?SFrﬁF}lg?'Hﬁ'-
?plti ref gct ifsrthierthe t:a:a;emgfst?iencio@mirfg)rigi not &@s@ﬂcﬁ)tqégpﬁc? the @affé]fr_)l
ilm and a - . ti rning an in ectric ilm
Furt her, the\k?gﬁgg‘%ﬂ'gf _%?e%§o§ppﬁgrqmgsn%ﬂ"?%gﬁ?f‘§ﬁé% "i’%fecrhzoﬁ\é)@r”W%nd
this may be FBdfat €anal Haisplagh arite anafask réticiefer ehotomask.
[0086]
15 The embodiments described above are useful in varidus

coating treatments in the manufacture for semiconductor
devices, | ‘



FPD (Flat Panel Display) and a mask reticle for a photomask. [0086] 15The
enbodi ments descri bed above are useful in various coating treatnents in the
"~ manufacture for seniconductor devices. 32 CLAIMS 1.A coati ng net hod

conpri si ng: a prewetting step of supplying a prewetting liquid to
the center of a first substrate and rotating the first substrate thereby
spreading the prewetting liquid over the whole surface of the substrate;
and a coating filmformng stefl&IMSppl ying a coating solution to
the first substrate supplied with the prewetting liquid and drying the .
coating solution thereby formng a coating filmon the surface of the first
substrate; the coahiGrptingnmesheidngospsing:l udi ng: ol atfl rstf o
stage in which th LAg:iSQl Lt [ ie rti 0 e
Firer substrate vk g SRR HUTRn SupbRAG"S, bPefettiNd flah8 Ly Belnq
stage i n whie@nkest «0f oa $ysedsubstraief i and gobating ethies finsh siebsaated and

then the fi rg_lg_gs i S~C i L Ot ; athird

st :Se i ﬁ vvlhlrc et gﬁ%ﬁidéﬁgsﬁﬁwéﬁgnéi Iﬁ@@@&o@}?m% WQQtlﬂeﬂj”ffﬁEFeased
to dry the cdathaguhstiatenand the first substratfe_, | \t/vhe{el n, in the
first st , the fir tK i t t n .ation
slptraZd' ?miggi ately ébe??r%”ﬁe f@f)rgt ﬁghi)ﬁo ufsﬁg igf sﬁ%_@h'g@@ogt h%cg%t'ﬁét
substrate, t$utiane toothe fiost sphstrate shippdidd withethes pgeadattiny liguideased

o ot el B8 BEPE T B8l A REBh, BRI A O i e
bef ore porrpl@’ﬂitbﬁ pHrigce phthenfjraif substradat i ng sol ution, dt he[ :?iyon speed
o oner than' e i EOBEERERIAL OARIAYERTHILE P00, LoLTLL 00 PP
liquid used in the prefstisiggsa ép whieh riheedtdating osadhtﬁmﬁqsl e’%ppii%?g% a
surf ace tenatord | 55l ahabEREoR e rEIe " st SR RO TWilE e Frdthe
sol vent, theéubweateiiguicdabadi ng a surface tension higher than that of the
coating solution. 33 second stage in which rotation speed of the first |
substrate is then decreased and then the first substrate is
continuously rotated; and '
a third stage in which the rotation speed of the first
substrate is then increased to dry the coating solution on the
first substrate,
wherein, in the first stage, the first substrate is rotated
- at a first constant rotation speed immediately before the coating
solution is supplied to the first substrate, then the rotation
speed of the substrate is gradually increased continuously after
starting of supply of the coating solution, and acceleration of
the rotation of the first substrate is gradually dec_reaséd before
completion of discharging of the coating solution, thereby
converging the rotation speed of the substrate to a second
. rotation speed higher than the first rotation speed, and
wherein the prewetting liquid used in the prewetting step
is a mixed liquid obtained by mixing a sblvent capable of
dissolving components of the coating film and a high surface
tension liquid having a surface tension higher than that of the
solvent, the mixed liquid having a surface tension higher than
that of the coating solution.



2. . The coating nethod according to claim1, wherein the solvent and the:
high.surface tension liquid are separately provided and the sol vent and the
" high surface tension liquid are m xed when the prewetting liquid is
supplied. 3. The coating nethod accordigg toclaiml1 or 2, further
conpri si ng: a prewetting step of pplying a prewetting liquid to
the center of a second substrate and rotating the second substrate .t hereby
spreading the prewetting liquid over the whole surface of the substrate;

and . a, coati filmfor p su in to the second
substrat e suppl i ed?ane ﬁog)ﬁ'é‘%?&éf‘ aﬁg?qqqml 88 go 8'%‘ q{'sd’t’t]?f%'rﬁ‘ H&@ ng a-
surface tenssolvafitf fandntthir dmngtl'ha;suoffaddwtemﬁbhnmé@idﬂaﬁé' SepRIrhedyt 0 the
‘first substr tin tipon thereby formng a coating
filmon the Qt&\@&gd %Tnyc.{ ﬁﬂe Hﬁcﬁ‘ S%Bata'!ﬁi‘ S0 é@'ﬁ’%b@#‘é@lad'@s f or
the pr ewettlngxedewtwrdthbqométmggflhd]mdigB’U@@JIR‘?IC?D for each of the first

and second substrates are perforned by using an identical coating
apparatus, and wherein the surface tension of the prewetting |iqui d

used in the Br ewet Thagcetting qhethedsm@@dﬁrzﬁstd atlgirns 1didd er eptrdiedm the
surface tens%(gﬁ III%I tb; prewetting liquid used in the prewetting step for

the first su nd the prewetting |iquids having different surface

tenfS| onst are obt ai alqnirekw?tnmgngtearjt dfdgapppﬁhgsgl pg@\tvegqu,gaq] |uql§n|td Qﬁbt hi gh
surface tens er.e X coati ng net hod
according t &gﬁ %ﬁg %fsaec 479”1b5t 5a££3 ‘W\‘grr@% 'ﬂ% thﬁgﬁeggmﬂa%@ ﬁg"@iﬁon
liquidis GBLheérreﬂm wpreadingedhe prewbttingaliom wRid08hackPiole sl fracany one

of clains 1 rel the igh surface tension liquid is pure water.
34 6. The céptﬁﬁgs% ding to any one of clains 1 to 5, wherein

the solvent is a naxctcwit&ngf ﬂHﬁVEofIWTQEYB@@ﬁ of Wpl%ﬁ‘@”&bh%ee&t@@é%da”dd

PGVEA | t at t
nccor i hg Lo SRS UBE YPENGArE Y (BeSBranEEaNg [HiidopveReting eoition |

(cycl ohexandnaying 8a Au@fzecte Nige MabIR0 Cd iR ARNLS if G that ofd thlree"@dé‘dlﬁg step
of supplyin t he c nter of a fjrst substrate and

rotating t h%&"&gﬁl\gﬁéﬁ &lt“tfgteegy'%p?kl atneder Radydswing i the 1GQahiagover

the whol e swdlmmmftttdt@bfyl fermanBSar @oatikddilm on tReCOaH% fq F?aéor?‘hng
Wi

step of sup 0 solution to the first substrate supp
the pr e\/\/ettléh%ééwa%@ﬁﬁﬁp‘%ryl ng the coating solution, thereby form' ng a
coating filmon thaheuefrﬁcep@frahb?\sf'fcﬁ{ ﬁ#’é)sbrréhféttm st%qﬁ‘h%r
prewetting |I((%]%Urd % xed. liq l:)éj ich.is obtalneog asolvent
capabl e of FEUNGi AYMoIRIEAEN sS Pt ‘é"c%ﬁ?hn@ff ithe aftfé aatﬁidghs%mmdce
tension |iquubstradeshi gie haseopid®C ey ensdigy hipgher h fn
sol vent, ;ﬂ%’ﬁﬁwl"d-'rel hqueol vent and ):he hi gh ?ﬁrfé%%ﬁtﬁgﬁgl g:tr(tj ] d are
separ at el y :
_ - wherein the surface tension of the prewetting liquid used
in the prewetting step for the second substrate is different from
the surface tension of the prewetting liquid used in the
prewetting step for the first substrate, and the prewetting
liguids having different surface tensions are obtained by mixing
an identical solvent and an identical high surface tension liquid
at different mixing ratios.

4, The coating method according to any one of claims 1 to 3,
whe.rein the high surface tension liquid is GBL (y-butyrolactone).

5. The coating method according to any one of c|a|ms 1to 3,
wherem the high surface tension liquid is pure water.



wherein the solvent and the high surface tension liquid are m xed when the
prewetting liquid is supplied. 9. The coating nethod according to claim 8,
" further conpri sing: ; a prewetting step of supplying a prewetting
liquid to the center of a second substr%%e and rotating the second
substrate thereby diffusing the prewetti |l iquid over the whole surface of
the substrate; and a coating filmformng step of supplying, to the

second substBate Theptoating hietHwd prcewetin Qo'iaﬁgi Gne ORIk 1SR W i on
havi ng a sur\{vﬁg‘ fen i on dlltff rent _from.tha wgf t e _coating sol utlon
supplied to YRe Fl't st Subdth '3n8 dRiithge: pd EGMEngPrapysnet gbrcalher eby
form ng a comdnmmiithy! cetHdry awidf EMEnA t({opssend §%lrﬁ?§no ethyl
wher ei n oper at,i ons fPr tthe prewetting step and the cdati ng |Imn?oerng
step for eacnﬁr £He qtier)st and second substrates are perforned by using an
i dentical coating apparatus, and wherein the surface tension of the

prewetting l4quid_ysed in the prewetting step for the second substrate is
different fromt h‘éHEU‘F‘?%‘EBQ,t %‘f@%ﬁé@?gglf}ﬂ &ReRRY RN eidfusl@insed to S he

prevetting swaprénr thoesdivest isUDBIN aépciottkdheneyewetting |i.quids having
different surface tensions are obtained by m xing an identical solvent and
an identical high surface tension liquid at different mxing ratios. 10. A

coating appa8at us Aewatirsg moethodntdmptisikgh:or hol ding and rotating a
substrat e; at | east.one coating solution nozzle for supplying a
coating sol ution t% ARYVEEMGEerr Off%%%lﬂé'ﬂga@ef’wgt%vgt H@Utﬁgit@ thack;

at | east oneqntewetdfi iy fipgz! substratepryd NgoatingWahld Ngrdt aliskdratthe
surface of the ?#)bstrate hel &5‘%/ t he St%l n chuck; - a coating solution

suppl y mechdiierPYorPEGRAING &€ I kwigh pygrt the mehetaatsurgasel ut i on
nozzl e; and of the first pubstiatergahidiui d supply nmechani smfor supplying the
i wherein the prewetting

prewetting liquid_to the prepetti npzzl e - > V
liquid supply mecf‘—f’aanﬂf'in&l ﬁ@@s ﬁﬂ'ﬁ‘ﬂ%t steg 19fqusePBLEpBy @omoadingect i on
‘connect ed t Galusioppty theufiest Eabsers@ ¥apblieaPahts thlk Bké@%‘tt’ih@gliﬁﬁ%’f)“e“t S
of a coating film and @,Hés?ﬁp |,y source for a hll%h surface tensiaon Il quid
having a surt¥t&MeRgi '%}%?th'hlttw taereby Kuming a cratingeidmi ng
liquid supplon ¢hatsoifagecst eie Fpistds postrhgar ed to nix the solvent and the
hi gh surface tension Iiguid d |y the hixture to the prewetting

[

. ana supply tne m: . - h :
nozzl e, and _Wk)\ﬁ'é?' FNEnRrew NG Aguiddisi @ Bripedy ligondr ovhigdcison i s
confi gured tabteankabby soRin@la idetvahkidupame 8 AiskBRing! ¥8RIpERAntLe hi gh
surface tensmH_]Il'%UId. . . . C
_ of the coOating film and a high surface tension liquid, and which
has a surface tension higher than that of the solvent,
' ~ wherein the solvent and the high surface tension liquid
are separately prepared, and
wherein the solvent and the high surface tension liquid
are mixed when the prewetting liquid is supplied.

9. The coating method according to claim 8, further
comprising:

a prewetting step of supplying a prewetting liquid to the
center of a second substrate and rotating the second substrate
thereby diffusing the prewetting liquid over the whole surface of
the substrate; and '

' @ coating film forming step of supplying, to the second
substrate supplied with the prewetting liquid, a coating solution
having a surface tension different from that of the coating
solution Supplied to the first substrate and drying the coating



| 36, 11. The coating apparatus according to claim 10, - wherein the
coati,ng apparatus has a first prewetting nozzle and a second prewetting

" nozzle as at | east one prewetting nozzle, wherein the prewetting
i quid supply nechani smi ncl udes: a first line having one end
connected to the supply source for the sl vent and the other end connect ed
to the first prewetting nozzl e, a second |line having one end

connect ed t osdlhticruppleretnurfeeniiayg Bhedtay Sﬂrrha@)‘h ttﬁﬁs'sgrr‘fééél%id tﬁ@d the
other end c %@Océ@d {0 thE@second prewetting nozzle, and

connection | rs'“ht?ﬁ'fﬁ@ 1ng the second line with the first line, and
wherein the prevvetWh&geln qeipératipRlsy font fiod ff%wmmg% %?@E %H&d the

selectlvelygﬁldeﬂ FSt state,in \?/mcha rewettin onsi sting
only of the SHUBHt FLOPpfPERRI oftePeTOT r 8BCHr dfetthien “’rﬁfzz’ifédaﬁacénéecond
state in whisbstrategetaiag perfoiehe®sy Sibgn ma>hed|{jléﬁk“c%|° ol vent
and the high surfar;:e tengion liquid is supplied fromthe secon pre tting
nozzl e, the A 145 P M¥quid supply control section is configured to

variably control thRepiii mﬂefgurﬁadéeté\ﬁﬁ"@)rt be ¥ v @Wé}:@mda Wtghssyr f ace
ten5|on||qu|d|nthesconds The .coating appar according to

claim 11, wH8rHit REWe Q@tstqerﬁ’g}q’r &U?@%@%@ﬁl&t@ﬁﬁrﬁé@ |§e‘éltfoﬁ€Tltn61Qmes a
first flow rie soMac vahyordi opogae O;Bré\hetfmgstngurtﬁ WepPefdheow
ir

rate control_val ve.di spsg gHe second | i ne ow rate
control val VY YEWdE8d SSRPt Qrc BedifiSén Subgtrata3. ande tB@atﬁrrﬁj/Vattpagat us
accor di ng tdl@tﬂl‘ﬂSOh@Vﬂ‘ﬁ cdi#fare nkOs b frake téﬁ?ﬁﬁéwtréeoﬁ%h'e'@ﬂ u‘?ﬁ

supply mechani s u | east two types of coa '
sol uti ons h#fif Hg] H%'I‘Olai %Qllg’eé'&r?aaeaf‘e'ég kblgfhes%lifaﬁéc@mlomhbqwdst rate
hel d by the gpdiffetarsk nbixingyratfost | east one coating solution 37 nozzle.

14. The coating apparatus according to any one of clains 10 to 13, wherein

the high surface tension:liquid is GBL (r butyrolactone). 15. The coating

appar at us ack@r di g ch@ataiy afpjl%r%ftughﬁmﬁ_)rmn 13, wherein the high surface

tension liquid is pure water he coat | appar atus according to any
one of claims 10 %sﬁﬂj\,\é\%{% gﬁ‘g‘é‘tﬂ Pa 1o féln@&tSMrb@tbatéﬂGVE (propyl ene

gl ycol e;nonomet hyl gt heabt arthe@EA B SlRsh Ihysle MRAOTEL BRyifigeS
coating solution to the surface of the substrate held by the spin
chuck; '
at least one prewetting nozzle for supplying a p'rewetting
liquid to the surface of the substrate held by the spin chuck;
a coating solution supply mechanism for supplying the
coating solution to the coating solution nozzle; and | '
'_ a prewetting liquid supply mechanism for supplying the
prewetting liquid to the prewetting nozzle,
wherein the prewetting liquid supply mechanism includes
a prewetting liquid supply control section connected to a supply
source for a solvent capable of dissolving components of a
coating film and a supply source for a high surface tension liquid
having a surface tension higher than that of the solvent, the
prewetting liquid supply control section being configured to mix
the solvent and the high surface tension IquId and supply the
mixture to the prewetting nozzle and
wherein the prewetting I|qu1d supply control section is
configured to variably control the mixing ratio of the solvent and
the high surface tension liquid.



— 17, The coating apparatus accor di ng to any one of clains 10 to 15, wherein
¢t he solvent is CHN (cycl ohexanone).

36

11. The coating apparatus according to claim 10,

wherein the coating apparatus has a first prewetting
nozzle and a second prewetting nozzle as at -least one
prewetting nozzle, ' -

- wherein the . -prewetting liquid supply mechanism
includes: . -

a first line having one end connected to the supply
source for the solvent and the other end connected to the first
prewetting nozzle, | '

a second line having one end connected to the supply
source for the high surface tension liquid and the other end
connected to the second prewetting nozzle, and .

a connection line for connecting the second line with
the first line, and ' S |

wherein the prewetting liquid supply control section is
configured to selectively provide a first state in which a
prewetting liquid consisting on'ly of the solvent supplied from
the first prewetting nozzle and a second state in which a
prewetting liquid comprising a mixed liquid of the solvent and
the high surface tension liquid is supplied from the second
prewetting nozzle, the prewetting 'liquid supply control section is
configured to variably control the mixing ratio between the
solvent and the high surface tension liquid in the second state.

12. The coating apparatus according to claim 11, wherein the
prewetting liquid supply control section includes a first flow rate
control valve disposed on the first line, a second flow rate
control valve disposed on the second line, and a third flow rate
control valve disposed on the connection line.

13. The coating apparatus according to any one of claims 10
to 12, wherein the coating solution supply mechanism is
configured to supply at least two types of coating solutions
having different surface tensions to the surface of the substrate
held by the spin chuck by way of at Jeast one coating -s'dluti(_)n'
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nozzle.

14. The coating apparatus according to any one of claims 10
to 13, Wherein the high surface tension liquid is GBL
(y-butyrolactone).

15. The coating apparatus according to any one of claims 10
to 13, wherein the high surface tension liquid is pure water.

16. The coating apparatus a'ccording to any one of claims 10
to 15, wherein the solvent is a mixture of PGME (propylene
glycol monomethyl ether) and PGMEA (propylene glycol
monomethyl ether acetate).

17. The coating apparatus according to any one of claims. 10
to 15, wherein the solvent is CHN (cyclohexanone).



