;536H>>?dBCTH6PHTH! - 1 TITLE OF THE | NVENTI ON COATI NG APPARATUS AND
ATI NG METHOD BACKGROUND OF THE | NVENTI ON The present invention PeAlt @t o
agcoati ng 5 apparatus for coating a substrate such as a 3 AUG 2004

sem conductor wafer or an LCD (liquid crystal display) substrate Imwmuwﬂmmm”m
chem cal solution such as a resist solution. A photolithography t

is enployed in a 10 15 20 manufacturing prodess of a sem conductor dewsee.

In the photolithography technol ogy, a surface of a sem conductor wafer is

cost e i resist, Tof oved by exposig the contec resi i tever gy
paFolt b 2t U oo THRRGY ORMECHBVBIARRN. ot TS Wi
fhe varsr. o | SRR U AT RSl e o'

di scl osgd in, for exanple, U gghggg%r?%a%,%4%@d&gedyi n such a

series of resist proogssipesdik’ £4EBLLYBA" Se1hiBs! iteeawic%tagﬂﬂ‘g a
sem conductor 25 device circuit is required to be on the order “of

sub-ni crops. |n dgparaBQefdt BbaSENGT &1 s@BERPHEcaLBcRehRYadi rected to
further inprovenents in the uniformty and thickness of the resist film To

meet - 3 AUGs2iflcorfuc idiesea fefubr eARNLSD @lsQuRdcealisha 1metiked ays

mai nly enpl oyed nowadays for coating a surface of a wafer with a resi st
solution. In thewstrasatwiih retdloeinichd sblokhesssatht he mesiestisfi Imi s
controlled by adjusting 5 the rotating speed of the wafer. \Were, for
exanple, it is d&divtddPrnio decrease the thickness of ‘the resist film the
wafer is rotated at a high sgeed during the coating step. In the '
conventional resist dba@Riekrhbpararashyiterbrevegy is iesphesteshiidald y

i mpossible to increase as desired the rotating speed of a spi.n chuck
supporti A§ the WEetaqEiiing |Brogess rofati AgNdpaBAUSLOrhEaNdrE: i N inited
by the rotating eed of the spin chuck, with the result that it is

i npossible to tpg?%l]{ﬁ%‘%r%% oFerhBOLagV st af FRMEERRI Pdr 2t han a
certain level. Part.icul arl i.n goating.th urface_of .a_lar waf er ,havi ng
a di aneter of, (;%rmlecxoeﬁ‘rp ce%/d% ‘f%g%]ésl%rcéagleécﬁégﬁ i’:ﬁglgﬁr’egglﬁ&é’wseﬁ%é}&’ of
the resist sol utj : : r age, Jmaking it 20
nmore difficult ?ﬁ‘%ost’rﬁtgstf éf)ncb(r?aeéé)%vtelg%lgf'rgneoélgﬁﬁgﬁ\%gf é‘?gyt}r g‘céa. Furt her,
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resist 1s light-exposed pattern. As a result, a resist film of
the predetermined pattern is formed on the wafer. Then,
a conductive film is formed over the entire surface of
the wafer, followed by selectively etching the
conductive film so as to form a predetermined circuit
20 pattern. A coating-developing system as disclosed in,
for example, U.S. Patent No. 5,664,254 is used in such
a series of resist processing. |
In recent years, the line widthlof a semiconductor
device circuit is required to be on the order of
25 sub-microns; In this connection, severer demands

are being directed to further improvements in the

uniformity and thickness of the resist film. To meet



23 filmformed on a first substrate after the change tends to be nonuniform
in thickness, resulting in failure to neet a target value. |n such3aAdh300}
ity is ne¢dessary i 3 AUG ~4 - 3 to renove the coated resist filmfromthe
wafer and to coat again the wafer with a resist solution. To overcone the
above-noted difficulty, used is a resist solution having a suitable
viscosity. The 5 viscosity of the resist solgtian is determ ned by, for
exanple, a mxing ratio of a solvent such as a thinner, which is added to
the resist solution. Aresist solution having the viscaosity adjusted

appropriately is @pt in a tank, and the tank is 10 incorporated in the
resi st coating- dSPESEHTEFEERtS m & HIRLR £ 5HNT iRt hod ckmesainlyt he

resist filmis i abl e over w de range. However, the resist
solution is poo?gﬁ§l¥3%dg&ﬁ¥ﬂﬁﬁ¥ﬁ;iﬂf\ﬁqu%ﬁhPﬁrﬁﬂﬁfa%ﬁt%ftﬁéwﬁégﬁlWiFhat,
if 15 a m xture qf resi | uti dthe.thinner is left to stand
within the tank %Vg%g§sfb§§5%g$?ga oﬁn}i S SR SR %%ﬁﬁ??ontgﬁd

thi nner are SepQEﬁR%Qn%%sf%@mﬂﬂélﬂ¥¥¥ﬁ£5¥ﬁrh6¥§i55A£¥§1%%§Z§réa§éusting

respectively, within the tank. This makes Tt necessary

rel ativel ysl ar getappabalats g0l piidd d & K8 Al St iRl M8 | OpsE héﬂgﬁg%g",’“ ure
e

within the tank, which is contradictory to the mniaturization 0

apparatus. |t shatl dsakdes ired@icediddiriadd e itOSsidd e &P €rat rygikernly
a surface of a large wafer with a resist 25 solution by sinply controlling

the viscosity of fiha,r édiestafelrutiisonro tWtard atf of IEXAIEEeed AuXing tAki 0 of
the solvent is excessively increased in an attenpt to - 3 AK 200k - 4

i ncrease the fl o®@BEtRnGy s¢ept-he resi st solution on the wafer surface, the

t hi ckness of the resultant resist filmis rendered unduly thin. In

concl usion, with incrd@sé&hen conwealitmnal rdsiste opdeingi appasratny,5
difficult éo determ ne appropriately the viscosity of the resist solution
for obtaih?ng a BEYPVEH rt Hitc Rfedechanita ks igtpass ihl st elebrne F dage adsve,

t he conventi onal resishtﬁgating apparatus js not satisfactory in that it is

10 difficult to PGEAFE SWaPEA A% SREGT &F 1t JtPYpedick Supporting

the wafer. Naturally, the rotating speed of the wafer
is limited by the rotating speed of the spin chuck,
with the result that it is impossible to make the

15 thickness of the resist film smaller than a certain
level. Particularly, in coating the surface of a large
wafer having a diameter of, for example, 8 inches or 12
inches, the spreading speed of the resist solution
tends to be lowered on the wafer surface, making it

20 more difficult to form a thin resist film on the wafer
surface.

Further, immediately after change in the process
conditions such as a desired thickness.of the resist
film and the kind of the resist solution, the resist

25 film formed on a first substrate after the change tends
to be nonuniform in thickness, resulting in failure to

meet a target value. 1In such a case, it is necessary



in the resist coating step, making it difficult to forma uniforn1re3b§t 4
film of desired thickness particularly when a resist filmis foFﬁ% HM%
wafer having a large dianeter. It is also difficult "to form 15 a uniform
resist filmof a desired thickness by nmeans of controlling the viscosity of
the resist solution. In order to decrease the thickness of the resist film
formed on the wafer surface, used is a resisi solution advantageous in
flowability on the wafer 20 surface. As described previously, the viscosity
of the resist solution is determ ned by, for exanple, the mxing ratio of a

I t h t hi ) k _h i i | uti havi
The viscost ty ad et BIPNE he Moalol BLaBRY k3 in? L8R Thed Hafds i &8 ot
the solvent is ie tﬁ%ﬁt ﬁc ﬁg &Qg f?ﬁ&kﬂ9a5¥§gﬁgk g%&hggiﬂ§ possible to
% i

control as desir ness o € resist fil mover a w de range. A

i - 3 AUG 2004 - 5 H@wea@ércaﬁeath@a%o%i-%fc%qolatwfﬁcflﬁsféf,t.@é&aﬂwn I's

not conpatible with a thinner. If a resist solution-thinner mxture is

al l oned to standh wddidt téeliankn haeingShSEusehyleor iardslie t higler are
separated 5 to formupper and |lower |ayers. This nakes it neCessary to use

arelativély | angesappbrptaf the sésistngolieisal uki deticdimimesd Myt ure
housed in the tank, which is clearly contradictory to mniaturization of

t he apparatus. 101 texdnplel, ad soikengotredibhatf it siod veetessahy d<0 & epl ace
the tank itself housing a resist solution every tinme the target thickness
of the resist fithinrerhdryeh is addeflsbonsbessasy sto splepdom. n advance a
plurality of tanks housing resist solutions differing fromeach 15 other in
viscosity in orderrf@otonPlunioh havingathe vascrsitar gétiustiaskness of the
resist film Naturally,.it s highlg troubl esome to take care of such a
group of tanks.§ﬁﬁﬁ°é#&ﬁﬁ%d%1§% PRt ndbed fankpagndefdf itRnd desi st

solution.,qf the sane viscgs'ty i s, used, .the 20 Lhicénes of, the resist film
formed i § not neCeEsSHITY ?%e %aﬁ%ebﬁﬁﬁﬁgg FRBTEREE ﬁ8§§QH+Wﬂnﬁﬁﬁ?ﬁpis
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conditions. In such d case, sI'ra S

a slightly 25 dif{fd ey VASEOSOTr gbwgagrraﬁggank housi ng a resi st
ssar

solution of a desired viscosity is not nece Fly included in the group of
tanks incorporated i nHéleverp thé r&¥$E@Msolud idH G2Yb IO iderate, in

the conventional resist coating apparatus, a tank housing a resist solution
having a desiredonsLoshiyitystibe aevhynneed @ueny them@eshat that, if
15' a mixture of the resist solution and the thinner is
left to stand within the tank over a long period of
time, these resist solution and thinner are separated
to form an upper layer and a lower layer, respectively,
within the tank. This makes it neceséary to use a
20 relatively large apparatus for stirring the resist
solution-thinner mixture within the tank, which is
contradictory to the miniaturization of the apparatus.
It should also be noted that it ié impossible to
coat uniformly a surface of a large wafer with a resist
25 solution by simply controlling the viscosity of the

resist solution. Where, for example, a mixing ratio of

the solvent is excessively increased in an attempt to



57target thickness of the resist filmto be formed i s changed, nakin% Pt
necessary to prepare in advance a plurality of tanks housing resi st3 AUG 2004
sqlution§ differing fromeach other in viscosity in order to conply with a
change in the target thickness of the resist 10 film Also, it is difficult
to cope with a slight change, which is caused by the daily change in the
environmental conditions, in the thickness ot the resist filmforned. BRI EF
SUMVARY OF THE | NVENTI ON 15 An object of the present invention is to
provide a small coating apparatus of a sinple construction, which permts
further decreasin hi.gkn f..aresist filmwhjle majntaining a high
uni formty of thélgfté:lséi%ss:e ftﬁ%mﬁ%ﬁlqﬁét%t?{etqeeg’f%?ﬁﬁ TP stpRt PAL Bheo

surface. Anot her ,aRkeCl yF alc@ PLHYPY i Gnadd arat us. whi ch_pernjts
formng a resist filmof a degi rtglﬁ Sﬁ}]g:knessé enc\gfen 2o TUbst P At ESWAPED i s

processed first giter ighaegaerethemdBde tifh ! herhrPr ﬁ%ﬁf#f’%' tyPpg 25 such

as the target thickness of the resist filmand the e resist
solution used. Atnordase % &hll dStarRtRacto PfrddgPiLseNt¢ is-vgrﬁue 2004
invention, there is provided a coating apparatus, conprising: a Substrate
hol di ng neSrber fdififidkdingte sehsthmiine phoOIFAESSEEhd RiESSEES of -
sol ution supply source housing a first process solution containing a

sol vent; first ahbeseesnidtsslolentiosufoly ctaictingachidwisedoriRi SRhyest; a
first stream conbining val ve communicating with 10 each of the first

sol vent supply sBfir é8eaxgsté priddess sol ution supply source; a first punp

for supplying the initial, process solution fromthe process sol ution supply
source toward the firéf SEsedhbeshiabawgy vile coneent serahdresibpt or
supplying a solvent fromthe first solvent supply source toward the first
stream conbi ni ng“YaFVBY APPAFELUS X G SRS TG Bithahglthesinitial
o vent: D secondEELERRECEROPRERS S SRS A TRm gt RIS hi A HR=F4r ot
m xer and communi gatj,ng Wit coating step, making it difficult to
form a uniform resist film of a desirea thickness
particularly when a resist film is formed on a wafer
having a large diameter. It is also difficult to form
15 a uniform resist film of a desired thickness by means
of controlling the viscosity of the resist solution.

In order to decrease the thickness of the resist
film formed on the wafer surface, used is a resist
solution advantageous in flowability on the wafer

20 surface. As described previously, the viscosity of the
resist solution is determined by, for example, the
mixing ratio of a solvent such as a thinner. Also, a
tank housing a resist solution having fhe viscosity
adjusted appropriately by controlling the mixing ratio

25 of the solvent is incorporated in the coating system,

making it possible to control as desired the thickness

of the resist film over a wide range.



egch of the first mixer and the second sol vent supply source; 25 Q.%ﬁ%fd
punp for supplying the solvent fromthe second sol vent supply sourc 8MAWH
t he second stream conbi ning val ve; - 3 auc 200 a second mxer for m xing
under stirring the primary mxed liquid material com ng out of the second
stream conbi ning valve with a solvent so as to prepare a final mxed liquid
material; 5 a nozzle equipped with a liqu+d Spurting port for spurting the
final mxed liquid naterial prepared in the second m xer toward the
substrate held by the substrate hol di ng nmenber; and a controller for

controlling each of the first, 10 _second, third(funps and the first and
second stream conbi ni H§WFXPYes 380 3L SAAY ARIHIed 1Rt x@ ELF B8t oSeiuEhen

initial |yt j . | t A t the m Xi ti f
he primary. m xedt) Fob; aohBrEPBAE o " dne 1o oA IAF (6 & second

aspect of the pr@éfﬁ‘ﬁi%a\—’?géhﬁgf dﬁll:?.ﬁrt‘arjes iR %\i'[l%%cﬁ f&Patl n gvg%tt}l’gg% hERR 4t

conprising the steps o I'ng a, substrate to be proc

the surface to beapkocergere8istN8oIURI LG SHERM 2T 2 l%sz}%nrgé;lﬁ%%ted

hori zontal ; (b) adding a solvent to an initial process s

al ready catai nst@ sérMenppapdasti Lbiweg thgerasul tiafts Haildy €0 as to
prepare a primary mxed I1quid material having a process solution

concentration 25néomesatpanot hae af rehe tiivielivall arigec egp sl titd ofbr (O
addi ng an additional solvent to the primary mxed liquid materi al

i medi ately bef oseisnppyytbé shdution-thinhdd 2004 ure Goudedrigesise
solution to the substrate so as to prepare a final mxed liquid nateri al
havi ng a processtaekutvohcBohsenlearilyn comerdilvamyhato ofirtiret yori 2@t yon
mxed liquid material; (d) supplying first the final mxed liquid materi al
to a surface to dk E@%c@@%éﬁagﬁsthe substrate; and, then,

10 It should also be noted that it is necessary to
replace the tank itself housing a resist solution every
time the target thickness of the resis£ film is changed.
It is also necessary to prepare in advance a plurality
of tanks housing resist solutions différing from each

15 other in viscosity in order to comply with the changé
in the target thickness of the resist film. Naturally,
it is highly troublesome to take care of such a group
of tanks. What should also be noted is that, even if a
resist solution of the same viscosity is used, the

20 thickness of the resist film formed is not necessarily
the same because the thickness in question is affected
by, for example, the daily differences in the
environmental conditions. In such a case, it is
desirable to use a resist solution having a slighﬁly

25 different viscosity. However, a tank housing a resist
solution of a desired viscosity is not necessarily

included in the group of tanks incorporated in the



(e) supplying the primary mxed liquid material 10 15 20 to the surface to
be processed of the substrate: In the present invention, a surfaceg ags b
proocessed of a substrate is wetted with a small anpunt of the final n xed
liquid material having a | ow process solution concentration. As a result,
the primary mxed liquid material, which has a high process sol ution
concentration and is supplied onto the substrate surface in the subsequent
step, is allowed to spread rapidly and snoothly over the entire substrate
surface, making it possible to formeasily a resist coating filmof a
desired thi cknes% 1] ief ormy over the entire surface region of the
substrate. It sh8d°d®'so be noted that the final mixed 25 liquid materi al
having a | ow process i enfratjon_a low viscosity.and a |l qw solid
material content is prsl(egp;gréeﬁ%ﬁc/gg%ﬂi%{é gheaﬁaw?%é?ng IGE%%SgoCPﬁélﬂﬁi mary
m xed |iquid mat g@l,-4 di_at upp. t fipal nixed |iquid
material onto thgﬁgﬁgg{tﬁ%’e %u%ﬁgég%‘%f?il ?oi\;\%(s?%]%t?glé\l/{égg?fmlav%ﬁgnﬁer,

> - 3 AUG 21 deblrathivalbdantey e BEPRERi plusas! Lyety OpLhbCLREOCESS

solution, is used as the solv o0 be added, e process tron and the
thinner arg kept tairyed uHifdlaiady |of Whied foeidt g 1M1 X8dpdi gbiHegBEgrial is
5 supplied onto the substrate surface. As a result, the substrate surface
is wetted uniforehpnoeer, tukiarg iite iaghOHaryWoks NGrépaPOSEHhDAGAACSURPT €SS
nonuniformty in the thickness of the resist filmfornmed on the substrate
surface. Natural ppureidty xindarks haisihg Adsisol sehitions heipreeeag
solution is controlled to permt the mxed liquid material to have a

vi scosity or thef&efceqchatitdenfin halsod$ tty obporeder foad | compit hi n an

al | onabl e range of a target value. Further, the mxing ratio of the solvent
in the 15 m xed Wighi @ it dihe e argegcth bpneon? | af etlye depehdtng on
the vi scoﬂ)ty of ft, e pri rIa‘ré%/ mxed ljquid material, the size of the .
substratetto, belprBcesd Sétrc: it kit F1Cpblssidl Pr® Wik & shigBtactory

resist coating filmunder .a w de range of various.conditions. 20
| nci dental |y, thghﬁﬁgtedr @’Qlﬁ\ﬁ St lﬁé}‘%‘rﬁ‘i‘?ské‘él The t cSRAMIT nbRnEh8Nn

i ncl udes, for ex l; 1 npl i fication type. resist o vol ak type
resin resist contégpr%?r?gﬂlaeg&ga %?eanr&a J~edrrlueﬂ 'l p%}ﬁ/h %]W%ﬁ/r%f]e&gﬁHS) resin
or a polyvinyl pheagl 525 £,9% 3. On the other hand, the solvent used in

t he present invention includes, n%or exanpl e, propyl ene glycol nononet hyl

ether acetate (PGVEA), ethyl Ipctmt %UMI@\.RY](?F THE PP EL) . ethyl
pyruvate (EP), ethyl-3-ethoxypropionate (EEP), methyl-3-nmethoxypropionate

(MWP), netdyl - 2- n- anylarkeibjee { M) thangrbsbyt 88ebat o4 BAL . tdhpseviakyant s
can be used singly or as a mxture of at 5 | east two of these conpounds.

Addi tional obj ecsmadidcadtdnpggpafathite dfivensimplavddndersetibalt Rhiiont he
description which follows, and in part will be obvious fromthe
description, or peynigs| damtderbhydearmess ireg ofhd hehialvesés onf Fheeshiect s
and film while maintaining a high uniformity of the
resist film over the entire region of the substrate
20 surface.

Another object is to provide a coating apparatus
which permits forming é resist film of a desired
thickness even on a substrate which is processed first
after changes, when made, in the process conditions

25 such as the target thickness of the resist film and the

kind of the resist solution used.

According to a first aspect of the present



10 advantages of the invention may be realized and conbinations
particularly poi nted out in the appended clai ns. BRI EF DESCRI PTI GN3 GRUGT gliB4
SEVERAL VI EWNs OF THE DRAW NG The accomnpanyi ng drawi ngs, which are
incorporated 15 in and constitute a part of the specification, illus trate
presently preferred enbodi nents of the invention, and together with the
general description given above and the deta?l ed description of the
preferred enbodi nents give below, serve to explain the principles of 20 the
invention. FIG 1 is a plan view show ng a resist coating devel opi ng
system FIG 2 is a front view showi ng the resist coating devel opi ng system
shown in FIG 1;“2%‘3?{"&‘;9“3 %Eeﬁebéékp YIS R FRAHES eaﬁgatr%"dh% ng

devel opi ng systegaagg¥giha,FlG. 1; FIG 4 is a cross sectional view
schematical ly ;= #°3 AUG 2004 showi ng the entire coating apparatus
according to one enbodi f.th r javentd on;, H S i ew
showi ng the entire co%stgrgl%ﬁggﬁteo Ogdﬁ'zlgjg‘féncmoegtpifn%nu}h%:]t&%éé Cf&égjlcgggg

bl ock di agram shoyi pg grbeakskathi nner m xing apparatus included in the
resist coating unit shown in FIG&G 5; FIGS. 7A and 7B are cross secti onal

vi ews eachs showi ng i nadgiraicksa Behlh@weomWipplP fHusRe &b @th§Ba ag eretoss
sectional views each showing in detail a front stage stream conbi ning

val ve; FIGS. 9A ppo8€sar eotnessnseehitaialing eWscahtshowi ng in detail a
rear stage stream conbining valve;, FIGS. 10A to 10G are timng charts

col l ectively 15 show figrshe angesationds saflvudret balppwe guupceddeddr val ve

included in a resist solution supply circuit; FIG I|i is a cross sectional

vi ew show ng t hehpnadngcensplueniten of a static mixer; FIGS. 12A and 12B

show baffle plates each included 20 in the static mxer shown in FIG 11;

FIG 13 is a block di 8gfd®s&hsirRgniseuiming wWhiemotmanieat sngt Witkher

m Xi ng apﬂgratus; .

each of the first solvent supply source and the process
solution supply SOurce}

a first pump for supplying the initial process
solution from the process solution supply source toward
the first stream-combining valve;

15 a second pump for supplying a solvent from the
first solvent supply source toward the first stream-
combining valve;

a first mixer for mixing under stirring the
initial process solution flowing out of the first

20 stream-combining valve with a solvent;

a second stream-combining valve arranged
downstream of the first mixer and communicating with
each of the first mixer and the second solvent supply
source;

25 a third pump for supplying the solvent from the

second solvent supply source toward the second stream-

combining valve;



FI'G. 14 is a bl ock di agram show ng the control system of a resist-thinner
nixingmaﬁparatus according 25 to another enbodi ment of the presenty py 2004
invention;, FIG 15 is a graph showing the relationship between the so?ig]
content of a process solution and the - 13 thickness of a resist film
and - 3 AUG 200 FIG 16 is a graph showing the rel ationship between the
solid content of a process solution and the gionuniformty in the thickness
of a resist film 5 DETAILED DESCRI PTI ON OF THE | NVENTI ON Let us descri be
various preferred enbodi nents of the present invention with reference to

t he acconpanying draw ngs. Specifically, FIG 1 shows a coating-devel oping
system 1. As shown inat%@CBPavdnﬁé?rléotrhé‘Wé’tgeMﬂd% ]irsréé‘?aq'the%sette
section 10, a process sectig& }1 ang antinterface.secti n 12. A'i%¥"
exposure devi ce {rorosholh st 4HE pEsBE L4 ade PTG AEY Rfefg £5580T on
12. Four projectd 0, .cassett tabl e 20 included in
the cassette sec%%aﬁo&%gnéﬁértsgéﬁg %ﬁ%glagstgtoﬁ‘é’;e%&%\%%gh%% c?r(ﬁpsapfoesed

on the Cassetteeia@iﬁaﬁQn@ﬁ?ddfigﬁﬁhnﬁthX&Eﬁese proj ections 20a. As

apparent fromthe drawi ng, four Cassettes dre aligned in an X-axis

directionson the 20 casggbbet aBLepg@d Wl tIeRENAlqui2h SRIPIGORAYSA #Maf ers
are horizontally arranged equidistantly apart from each other” within each

cassette CR A fdpskt Sti- era ﬁEﬁH@niniﬁfe,al,li‘dﬁii@hﬂa&e&&%@ngﬁ@ﬁé@é@HQl ina
| ongi tudi nal direction of the cassette table 20, 25 includes a holder for
hol di ng t he waf erth&\secondtmirehatosardnahes saba) fade Medid@yt Rewdhol der in
a Z-axis direction, a horizontal drive nmechanism (not shown) for -3
AUG 2pp~ - 14 mwhsigrabe holdéngi memberX- axids direction, and an angle

6- swi ngi ng nmechani sm (not shown) for sw nging the hol der about the Z-axis.
A third process unit @reepteslifpsl dgedcontned lynxesshsad ithe R2iist,
arranged _bhehind 5 the first sub-arm nmechanism 21 so as to permt the first

sub- arm fchani SR o HREFACEBRBSt 814N thE dimstt andi SSCANAVS taRAT™m
extension unit (EXT).each be#on ing to the third process ynit %ﬁéépcgi' The
process section QX HRIAEYER PPofEsSuRPREEe IgthspRidindcratds a4~ o
and a main arm ] . h_of these proce uni I QURS to G

i ncl udes a pIurgﬁﬁgsf%fg%%%cggggﬁﬁﬁtEO Pgéﬁgd%ghg pgﬁhW%gﬂbp or

Y nged et o REAGEoeh A0 21hDC RS o TR° JFY RIRHIAINANEZ 13

surrounded by these five rocess unit grou As
shown in FIG 3,ndfer & Nesr FhEBEBRPLAM, 22

15 According to a second aspect of the present
invention, there is provided a coating method,
comprising the steps of:

(a) holding a substrate to be processed such that
the surface to be processed of the substrate is kept

20 substantially horizontal;

(b) adding a solvent to an initial process
solution which already contains a solvent and stirring
the resultant mixture so as to prepare a primary mixed
liquid material having a process solution concentration

25 lower than that of the initial process solution;

(C) adding an additional solvent to the primary

mixed liquid material immediately before supply of the



i ncl udes a cylindrical supporting body 49 extending in a Z-axis direction.
A wafer transfer device 46 is arranged within the cylindrical supBohlG 2k
bgdy 49. )20 The rotary shaft of a notor (not shown) is joined to a | ower
portion of the cylindrical supporting body 49 such that the wafer transfer
device 46 is swng together with the cylindrical supporting body 49 by an
angl e 8 about the Z-axis. 25 The wafer trangfer. device 49 includes a Z-axis
driving nechani sm (not shown), a transfer base plate 47, and a plurality of
arm hol ders 48. The wafer transfer i 3 AUG 200 - 15 device 49 is
vertically nmoved within the cylindrical supportlng body 49 by the Z-axis
drivi ng mechani SROAGSSHRANLE RN R the naePehEALBf SPhaSakm BEPREKS 28 i s
support ed novabke back .and forth(fy a bag k d forth 5 driving nmechani sm
(not shown) . ixed d1guiq aterLal Elvéﬁﬁoﬂdpﬁ?’68§§sSBAPFl@Poups

Gl and & -are arty |de by, si de on de o

coati ng- developlngggﬁi %ﬁ%ﬁn(}PW$ﬁ3€h$ﬁrgﬁﬁﬁd°£ ﬁhetRFFﬂaEYo@é§§dumt
group G3 is arrg &U%égg nt to the cassette section 10, with the
fourth process un| group d’ng arranged adjacent to the interface

section 18. Further, Jyefg\ﬁé&{g€%e§§rgglEhgr@HHaﬁﬁﬂ%§F§rE?%?§% on the

back side of the coat ng- de system1l, as s 15 The

first process UfialtediQup tBl £ YIHfRES @orBéTéfoééélgéagofn'the(QQE)sti‘?@ea ,
devel oping unit (DEV), as shown in FIG e resist coating unit IS

di sposed bel ow el daxtdropi ng unit (DEV). It is desirable to arrange the
resist coating unit (COT) in a 20 |ower portion of the system1l in order to

make a waste |iquid dieposalppikeivgi she spapheriynmésdt Lighidnnatdrtial
facilitate the mai ntenance operation. A spinner type process device-

i ncl udi ng a cup toP tdred sursfEae dndie psocessededf wkhai subachaeé.t he resi st
coating unit (COT) 25 and the devel oping unit (DEV). Likew se, the second
process &RAit group GﬂnrﬁﬂQuﬁﬁﬁ%ﬁmksiEYenba@nngauﬁurféCEWﬁoabe a devel opi ng
unit (DEV). The resist coatlng 3 AU6 2004 - 16 unit bel onging to
the first proce®XoFassest (ﬁﬁ)qzﬁqgﬁﬁﬁﬁﬁ?lbﬁéﬂeéﬁ?@c@hthté ﬁmé feghount

coating unit (COL) belo gto t e second process unit group G2. Likew se,
t he developlng |t?fTE§%L%L3 g-iBtpgaterial b?ﬁéégsaugpw @FGGﬁsei is

t d adj t.o the dev I | to th
process unit ot S %nAsceogwe °eﬁnrs%z;“”'3ﬁ R ¢RI B pF OECBE LBAFY BRLOGH. G2
| ud I i t 10 W di d
ier tabie S 'l%%u‘i%é"éton S TR 0 P PP aOPRes: RAPREBrnmce e
waf er sujtace h é%fghi?h#(aérggéyﬁh%$ ?gfgh*ggogag QQEQGOf a resist

| ayer to the ma sur ace, a i'gnne I'gni'ng the wafer

W an extension L@ﬂa@et itFthe fRIbdSTPOR AT {Yp St PE I e WO
pr e- baki ng UnItSS (PREBAI%E) eaech performng a eat%t?g{é%’ﬂ%%}tl\@% %great

light exposure trra@atcnqmtandarsindmnﬁsdv@ﬁktna @ﬂtiﬁe(E@BéKEhtéaghrface,
performng a heat treatnent after the |ight exposure treatnent. These
making it possible to form easily a resist coating film
of a desired thickness uniformly over the éntire
20 surface region of the substrate. .

It should also be noted that the final nixed |
liquid matérial having a low process solution.
concentration a low viscosity and a low solid material
content is prepared by adding an additional solvent to

25 the primary mixed liquid material immediately before

supply of the final mixed liquid material onto the

substrate surface. It follows that, even if a thinner,



the process section 11 in a Y-axis direction. Arranged on t

20 ei ght process units are stacked one upon the other in the order
mentioned such that the cooling unit (COL) occupies the | ower nost JAY6 0N,
Lgkemﬁse) the fourth process unit group &4 includes a cooling unit (CQL),
an extension-cooling unit (EXTCOL), an extension unit 25 (EXT), a cooling
unit (COL), two pre-baking units (PREBAKE.), and two post-baking units
(POBAKE). These process units al so stacked apne upon the other in the ) -
3 AUG 200 - 17 order nentioned such that the cooling unit (COL) occupies
the | owernost position. It should be noted that the process tenperature is

(EXTOOL) wii oh I renile P e | SRBATAGRE 4SS AEOToRHEn BRSEEE. uni |

o7 o~ bali ng i { S PHEE) # (WESBORE - ERR: AQLIRPES topbmaReitcandine
rocess unit or UYL Eufeh CHRr <P, ERiBReRT o MRete MrBibee uni i i s
Creating units. S Tl ST Rbe San [ on E3RAL BiSREa3N00 WAERE M e 0l 1o

the process sectgipliled bAt® ha@xésndtLaeki 00y rAlkk i S agi %e%g§ rg;'ﬁfrtg}té(;gnof

the interface seaibstirete af€r Padéd exsbhetrpeakulp Ff62H3I¢ beeERtARI Atire
stationary buffer cassette BR arranged bel ow t he 20 pick-up cassette CR

Al so, arranged arediten /) esakimgleiofpoheibleetbasappeesisonohdniFormiesi aher al
| i ght exposure device 23. Further, a second sub-arm nmechanism 24 is
arranged in a céite dthimknessn.of the reséstacelsecbirordldn The second
sub-arm nechani sm 24 25 includes an arm hol der for holding the wafer W an
X-axis driving fadsiiate (horfatewn) Nabnradiyng theemaxingokderio wft Héhe
X-axis direction, a Z-axis driving - 3 _AUG 2014 - 18 nechani sm (not
shown) f&P vert iSCAVSNtAA rghe Heregas fosaéutiant e Zoakiro ldiededol @erEt
angl e B-swi ngi ng,mechani sm (not shown) for swi nging the arm hol der about
the Z-axis, andgfﬁ*eoé‘b‘rei - ¥Hth BRESFAGLotReBANRI SnVE-AEOSIRIWRX ftd¥e novi ng
the arm hol der back and forth. The second sub-arm nechanism 24 is capable
of getting acce§§qﬁ?d§ﬁﬁF%ﬂnt E%%s%??ég BRMPBRENE & addingh sl dhiny @y

exposure devicea%iéagbiémﬁéﬁ%%g$£oghgggéggﬁggéabelonging to the fourth

process unit 10 group f-arm mechani sm 24 is al so
capabl e of getting aohesends, 2:HETREIRY YERL! BY G Yo Aagedad thin
15 mixed liquid material can be changed appropriately
depending on the viscosity of the primary mixed liquid
material, the size of the substrate to be process, etc.,
making it possible to form a satisfactory resist
coating film under a wide range of various conditions.
20 Incidentally, the photoresist solution used in
the present invention includes, for example,
a chemical amplification type resist or novolak
type resin resist containing as a base materiél a
polyhydroxystyrene (PHS) resin or a polyvinylphenol
25 resin (PVP). On the other hand, the solvent used in

the present invention includes, for example, propylene

glycol monomethyl ether acetate (PGMEA), ethyl lactate



In the coating-devel opi ng system 1 of the construction described above, it
is possible to install 15 the fifth process unit group G5 on the + galGsRide
of,. the hei n arm mechani sm 22. The fifth process unit group G5 is arranged
novabl e along a Y-axis guide rail 25. If the fifth process unit group G5 is
shifted in the Yaxis direction, a free space can be secured behind the 20
mai n arm nechani sm 22, with the result thkat 1the-mai nt enance operation of
the main arm nmechani sm 22 can be facilitated. FIGS. 4 and 5 collectively
show in detail the construction of the resist coating unit (COT). 25 As

shown in these d | NgS,, &, spin chuck 52 is arranged novable in a vertical
direction insi de{m’ TP b, PYXIRVRFS ﬁ?‘y)of e§5}é"ta"i" T SHOPEY PERBL e HFh) ar e

open in - 3 AUG 004 fﬁ%‘%ﬁ%él't-nggeﬂg%ryiﬁé%%ﬁa%% :(H@Pipi n chuck 52 such

that the wafer Wrcan' be by vacuu gin chuck 52. A

| ower portion of hN. C 1S.] O t he  r.ofar. Vi haft of
a notor 54. 5 Thntlaé yp%Pnt%{rfm]?%Fbgi ?%S(a%&gd%vﬁt&%i r?)égn a&ﬁeni%r@ '50a
made in a unit ) ui ) 58 | i SRO o
Cover the Upper metorstpesnoy o848 Be B ba1R SRR A BROMTE

joined tosand suppost egwdyo ANt RéEe C¥bhPERHha8Q and a 10 vertical guide 62.
It should be noted that power source circuits for the notor 54 and for the

air cylinder 60 are cadaetieflal ooBHebUEPUnd @EWahtagdfs @AM aldwinthidh
shown in FIG 13. In the resist coating step, the lower end of the 15
flange cap 58 i wikl thghtetofivach wnthhehdesnirt phabhomhplcat €050 ows ,t ked
vicinity of the outer circunferential region of the coating unit (COI) so
as to keep her mein Pate wihbrbe egbvhows fhemr tbiestescatiptgonni b @3F) beAs
shown in FIG 5, a transfer, port DRis fornmed 20 through a side wall of
the resist coati¥RpPERRY RraAyactheewaf ekhwy isvpotionto She ohkestsutanst t he
uni t (CO? through the transfer port DR by the arm hol der 48 of the nain
arm mechati sm 229YAREAI®R Qhf RS SNYBREACNOBAYoPE Feaddgiest adsat i ng uni t
(car), arod iscprqg,ected 25 upward fromthe air cylinder 60 so as to nove
upwar d the waf er“SR %Wﬁorf?lep%ﬁﬁ‘éiﬂE;Y48°6Pt?ﬁ‘e°Hﬁi AlathemePREndss 22 is
inserted into ttEelfrese space fornmed a- 20 - 3 AUG 200 bel ow t he waf er
W Under this concﬁltrﬁlo'n, alift pin (not shown) is noved downward so as to
di spose the. wafe n i r

surround t he waf erﬁRﬁg Br%ggc*}???lg’ﬁ‘l gﬁ‘;%% nS C UWSgE@I%ﬁE%W@%N%f ‘
the cup CP communi cat 1 <Al : ai S . e
liquid centrifugally ﬁ%&%@%ﬂp?}r‘g%ﬁ%hg¥%§f é‘g‘rsw %&?gﬁg%%%@%%gﬁ%aﬁ%g

waf er is1@i schargeddd ddies OLEetdea OhatBecg0fhbng plRiil 1 CEPTLAL0 1hARQuUgh the
drai n passageways noted above. Further, an upper portion of the cup CPis
open. The wafer Bidtse (ﬁﬁm@ﬂlpf?iéﬁeﬁﬁéd elbel ikdntBr e¥ghhkha nvRR®fion,
opening of the cup CP. Incidentally, a lid (not shown) which can be opened
and cl osed is ararahgeshetthet oseth hehepgenetalofiesicrd pfiohhgivem @Bove
resist nozzle 86 is detachably nounted to a free end portion of a scan arm
92 and held by anslthe doailldd gesxiipkiendoporthieopreffetiredsemboatim 92 is
hel d horizontal by a nozzle operating nmechani sm 96, which 20 includes a
Y-axis driving MRIHiSHE erlewowdgrva Zoagkpladnvithg pedhadpdms( wdt
shown), and an X-axis driving nmechani sm (not shown). A Y-axis guide rail 94
i s formedOn théhmikn¥RREEPE pl ate 50 such that the nozzle operating
mechani sm 96 i s noved_| tge,Y- axis 25 direction by the Y-axis drjving
mechani sm Al so, the ft%zI& 88 ?spirBUeHl@ﬁ’ ShOEANL & TRSISY (COR T igHE her

with the scan ar&gﬁezlé)giﬁges%égéﬁ;s driving nmechani sm

FIG. 2 is a front view showing the resist coating-‘
developing system shown in FIG. 1;
25 FIG. 3 is a back view showing the resist coating-
developing system shown in FIG. 1;

FIG. 4 is a cross sectional view schematically



-3 AUG 200g - 21 Further, the nozzle 86 is noved in the X-axis direction
by the-X-axis driving mechanism As shown in FIG 5, a nozzle waidiAU§ 2004
sgction 90 is formed adjacent to the cup CP arranged within the 5 resist
coating unit (COT). The resist nozzle 86 during non-use is held within the
nozzl e waiting section 90 such that the liquid spurting port of the nozzle
86 is inserted into a hole 90a of a sol vent 18 mesphere chanber. A plurality
of resist nozzles 86 are held 10 within the nozzle waiting section 90 to
permt a suitable nozzle 86 to be selected fromanong those held within the

11190100 i SR80 80 HIo B SR MRl 19 59 U

sol uti on used. e

connunicate\Mtfééﬁ%ﬁ&ééﬁgg@%r?%gdﬁrggehgs&ﬁ&e%gkg i.on supply sources 711

to 71n, respectiv d*previously, the Holder 100 is nounted to

the distal end portiopr@f %hgssgaglghnbg%“s%h@%%ﬁﬁ|¥ﬂéﬁéngfyérmnder 100 to

take the resist nozzle 86 from20 wthin the nozzl’e waiting section 90.

Further, a thi nngndoazdeidflorSaneysisd teakthagheinder; 100 so as to permt
a thinner to be supplied fromthe thinner nozzle 101 onto the wafer surface

prior to supply of a Fesisét $el dt b0BcRNHA algh@nnaiRiwisil facess e dhidmer 25
nozzl e 101 nmakes it possible to performa so-called "pre-wet coating
treatment”. Furtnhisting sppanatusziheladedatinngheeckaiissncdditing uddz 3 AUG
Zpp~ is mounted novabl e together with the first nozzle operating mechani sm
96 on the gui de shawn gin HHe@. sBrond nozzl e operating mechanism99 is
substantially equal in construction to the first nozzle operating 5
mechani sm 96. The prokIi@8t éhdapdr TBoRref cxossr isamitiginalcaniewsmeahi s
supported by the second nozzle o erating mechani sm 99. On the other hand, a
rinse nozzle 12BNIHNRG fbn 9 kY PsPRDURWEIPUBPIne free end portion of the
horizontgb scan arn1é%9 10_As sgo in FIG 4, the resist nozzle 86 is
connected%ia a resisti&dt uBfoAn uﬁ%l?rﬁ|&§Q§§t%?%%%QQﬁ%f“%?W§wﬁﬂchﬁxing
device 70 arrangﬁg beIOMLthg %es;st oatkng uni t Q%%%%h Fégﬁi.G to Eh?'
col I ectively shoW T ¥etH} 19That 152 EEPLE. PfiPTfes MO HE WRATE & 72 187
shown in FIG 6, FIGS. 9A to 9C are cross sectional views each
showing in detail a rear stage stream-combining valve;
FIGS. 10A to 10G are timing charts collectively
15' showing the operations of the bellows pump and the
valve included in a resist solution supply circuit;
FIG. 11 is a cross sectional view showing the
inner construction of a static mixer;
FIGS. 12A and 12B show baffle plates each included
20 in the static mixer shown in FIG. 11;
FIG. 13 is a block diagram showing the control
system of a resist-thinner mixing apparatus;
FIG. 14 is a block diagram showing the control
system of a resist-thinner mixing apparatus according
25 to another embodiment of the present invention;

FIG. 15 is a graph showing the relationship

between the solid content of a process solution and the



the resist-thinner m xing device 70 conprises a resist tank 71 storing a
resist solution, two thinner tanks 72a, 72b each storing, for exanplAG 2004
tRinner as a solvent, a front stage stream conbining valve 75a, a 20 resist
bel l ows punp 73 for sucking up the resist solution fromw thin the resist
tank 71 and for introducing the sucked resist solution into the front stage
stream conbi ni ng val ve 75a, a first sol vent 18el Fows punp 74a for sucking up
the thinner fromwi thin 25 the thinner tank 72a and for introducing the
sucked thinner into the front stage stream conbining valve 75a, a rear

stage stream conpiiiRgeya! ¥¢ Z5Pes?s8€¢eRH; ang 3 AUG 2000 x - 23 sol vent
bel  ows punp 74b for sucking up the thinnel Pron1mﬁthin t he second thi nner

tank 72b and for intrpdaci ng tBeasychedh HoMely itHo ﬁehgatri%q{sﬁt;age

stream conbi ni ng val ve 75b, a front stage stati'c m xer 76a, a rear stage
static mxer 76hetuwsen wRbvVeoYTdmeuntedtt oft A presest SURRY o RRB&he
extendi ng between the rear stage static mxer 76b and the resist nozzle 86.
The fluid passagewaysibbrmbeyr £ai shesehitkarsand ft e reiismrer idne opened
sinmultaneously to 10 permt these streans to be conbined within the front
stage str@&am conbi ni ng vaDELABED OESCRIREIGN ORIMEHE t INVENTI@N passageways
of the resist-thinner m xed stream and the thinner stream are opened or
closed to pernit thesketwdssepeanibeovas iowshipred eirgeda embpslimesdet er ni ned
period of tine mﬁghin the rear stage stream conbi ning val ve 75b. Further,
the resistthi nnétt chdi HEBSQRE cARVEBEARE Withi KefREeneentosthge
strean}conbiningivalve 75a is . mx with a thinner within the front stage

ed 211
static mxer 76&CQIPINYLPYSFawsBIFhe PREFILLCALANer FEGnDLNEHOWEr @am

formed within the rear stage,streanmconpbinin alve 75b,is mxed wi,th a
thinner within t %P?%%ﬁ'é?gﬁéogfﬁgi8yﬁ1§3r&7gb.STﬁﬁ?@“n&Hb@HI GF &g -

resi st-tRignner niyxd | C npe d each, ot her, .via pipes
exhibitiﬁg a higﬁﬁégg¥%§¥%tgnggmsgggggrgsﬁégfeégﬁ.FefngSnlpubgs%r$ﬁ§ss
resist tank 71 thin n 2 rngnge si.de the
coating-develop?ﬂgjigi?eg}lggé Sﬁ.Kﬁt%§§a9g39igéﬁggoiafheﬂp?géght i nvention
and connected t aiifigsuesi gbvheb! PHELPURBWAT 3804k BBosHY 8RY aPehOWS RYEPS
74a, 74b via pipes 78a, 78b, respectively. 'FIGS. 7 and 8 collectively show
in detail the 5 ionnstfacsdi o8cofohhe2bel l ows punps used in the, present
invention. It should be noted that the first and second bell ows punps 73
and 74 are substanti aFbyregualjetoieash20bhere Foemes! bWChi eassEtaeef ore,
the construction of the first bellows punp 73 alone is 10 shown in the

dr awi ngs 15As shdvablen 2heivcbwiedsint hbebebksewstpuapctiononpr.i ses a fol di ng
pi pe 102, an air cylinder 107, and a liquid flowi ng section 14.0. The

fol di ng pi pe 10Zhetpesitborssef ofssetbedabRewhéchonsenddepolsed soft 15
resin, is fastened at one end to a flange 145 of the liquid flow ng section
140 and, at the FihefagiRtteotabiearfeargrdetezmpneddbyl 4heseq6. A rod 107a
of the air cylinder, 107, is connected to the rear surface of the blind plate
146. The air cyBTRIEFCUEINE orMAni cAFe&PPBTRNLtN LEOROKPRedsa ALY LQ¥ v
source (not SFKWWQ%MMiCh is.controlled By.the ﬁ%ntrollgn 131.. Further, a

shield plate 137 3% HotH ot 3 ThBLSEPER &Py BinfePEnti SHreaiiade o
blind pl at,e 146. 1 S epsors,(1 109) d (135 36) are
arrangedapn the%ﬁ%géﬁfé %%g%%e9§bldF%gggpgfgilo2g fEQLCbnﬁuC%or w&%%rs
are horizontally arranged equidistantly apart from each
other within each cassette CR. A first sub-arm
mechanism 21, which is arranged movable in a
longitudinal directibn of the cassette table 20,
25 includes a holder for holding the wafer W, a lift

mechanism (not shown) for moving the holder in a Z-axis

direction, a horizontal drive mechanism (not shown) for




dfsplacenent of the folding pipe 102 is detected by these sensors (108,
109) and (135, 136). It should be - 3 AUG 2006 r ) - 25 noted-thaug m@en
the rod 707a i s noved backward so as to be inserted into the cylinder 10
to elongate the folding pipe 102, the light emtted froma light emtting
section 108 of the first sensor and the light 5 emtted froma I|ight
emtting section 135 of the second sensor and beth shiel ded by the
shielding plate 137, as shown in FIG 7A. On the other hand, when the rod
107a is noved forward fromwi thin the cylinder 107 so as to fold the
folding pipe 102, the |jght emtted fromthe 10 |jght emtting, section, 108
of the first sediPFLRg PgﬁngﬁibFEleotB§a§ﬁa§Hﬁ (%QQQ*QQMrﬂP@x&Ri%RHH%Q,
as shown in FIG Z—%‘wilhi kievvi ST tahe. | i gEtogm' ht ed. fromthe |ight %Im tting
section 135 of tNe eSS IR0 EBOF  ZRSATY t £8%t 58K %a thight

recei ving secti S oR_ resyl f [ Ol . ors
(ool Vi g oeoti by dRoResele0s bitole il bl SHEUIAN Bl d ERs,5%050r S
cylinder 107 so f:19q88" fht thBepPelbaws sk 3 AN Tt h il St t abl e
amounts of the resist solution and thinner to {he downstream 20 devices. |f

the fol di mg pi pecHO2riss€l sapahedl AschRoWdn R1Fle st hathitvalye 142 on
the upstream side is opened to permt the liquid material to be sucked into

a liquid reservofirdélsubfathembehdnagmpizne t¥0dts atedsd dagd &8 shown in
FIG 7B, ball valves 142 and 143 on the upstream side and downstream si de
are closed and opeigpanenespriti YRLYM)Wahld tahe exesididhainithe #XxTpidachy -
26 - 3 AUG 20p4 material is pushed out of the liquid reservoir 141 toward
a liquid supply lmlenging8ae Fhe. thiwidd phoowissy wedt iqouplGsonpri ses the
liquid reservoir 141 and a pair of the ball valves 142, 143. 5 The bal

val ve 142 is arrangedThf Phecegst sesmisndd ofindHaudeguf tve epeovess unit

with the other ball valve 143 being arranged on the downstream side of the

li quid rédervoi r9EQMPS The, bERY Fal,vE414850RNh@ BSSiTy it JRRNAMESNARS - a
hard ball 104 aq? stgpger 144, Likew se, 10 the ball valve 143 on the
downst r eam si de UbstheFR BEPFeE65 URdde IFOURTC It e, 12 e ¢

mat eri al and a sto el #4€. T e Iiguid res rvoirc%%} of the first bell ows
punp 73 communi ¢htREIIFHAEY h8Li RRBFCEFatR IS HéIEd SNfi PY fF'%02 and

al so commini cat &5 ML Ned DCapBRY ThaSUPRLY 1&l Gl LA, N4 NG, L1 DEE Papd.

the liquid reservoit 1 ) _ (e} pumnp communt cates"w t h
E Eien'n gpe;ug Bﬁge e tRELAHOLHhNHeRhRA 1 1R2 2"%nq.sals§ﬂ:r(\tﬂfﬁﬁgu G5 ESndtd he fre
15 process unit groups Gy, G2, G3, G4, and Gs.
As shown in FIG. 3, the main arm mechanisﬁ 22
includes a cylindrical supporting body 49 extending in
a Z-axis direction. A wafer transfer device 46 is
arranged within the cylindrical supporting Body 49.
20 The rotary shaft of a motor (not shown) is joined to a
lower portion of the cylindrical supporting body 49
such that the wafer transfer device 46 is swung
together with the cylindrical supporting body 49 by an
angle 6 about the Z-axis.
25 The wafer transfer device 49 includes a Z-axis

driving mechanism (not shown), a transfer base plate 47,

and a plurality of arm holders 48. The wafer transfer



20 circuit 78b. As shown in FIG 6, these resist supply circuit -78a and
the thinner supply circuit 78b are conbined within the stream conbd rAUGY2004
val ve 75d. FI GS. 8A, 8B and 9A to 9C collectively show in detail the
constructions of the front stage and 25 rear stage stream conbining val ves
75a and 75b. These front stage and rear stage stream conbining valves 75a
and 75b are substantially equal to each - 35\WU-G 20D4 - 27 other in
construction. To be nore specific, the front stage stream conbi ning val ve
75a includes two inlet passageways 115, 116 and a single outl et passageway
119, as shown in. d w3 fjrst 5 . inlet passageway 115
comuni cat es W t%g{t’%et %lﬁnggr V%l?&d‘?é%ﬁ Y SRS 3 PR %ﬁlcf‘?"ulr et
passageway 116 cg Bi-e3hign i t rnesj st_.sol ution supply .circuit 78a. A
first valve body ggga S hngggkiqgugﬁhrqg% féégété#%ﬁlggnw%éga%ﬁ?mtylinder
111la so 10 as tOrtOBRRBuRH BLOSGLERE thidtSled PARe ABG Ao Ters T !

¥ dgt%f orte %y a-srg(Po?sea

ot her hand, a second val ve body 114a 1s novably supp

second air cylingeppdiiadshoranie BRIk And!RNa g, seaond il el Passagenay
116. As seen fron1tﬁe drawi ng, the outlet port ofhﬁﬁe front 15 §%age

stream cori ni ngdvabyag7hachamisi qalors sMdwh)a circuit 88a. FIGS. 9A to 9C
collectively show in detail the construction of the rear stage

st ream conbi ni ng val v&s75howhs ish@WE.i 12 t hehelrfint stgsand hee v ep 7 &b 29

i ncludes two inlet passageways 115, 116 and a single outlet passageway
119.. The first "pittgpavpsgbwapntl s, eoemanmeatgEsl vditde dycigids torB8he wi t h
the second inlet passageway 116 communi cating with a second thinner supply
circuit 89. A fifsentafidebedy thespoias ingralsivelzp ingmyrsteah by. a Qrockhd a
first air cylinder 111b sq as to open or close the first inlet passageway
115. On the ot he?thgRdhaadseEbRd tidirde PFOERSEL M iits grOMDIGE is larrangads
2~4 - 28 (fupportgd b¥ rod Bf a second air cylinder 112b so as to open or
close t heGecond®THE nga§9a§ Raf 2886 L teu SEELON HY oottt s tEirthe rear
stage streantonb n6g€s¥alve 75h conu

nicates with a circuit 88b 5 qQn the
side of the lo 2t FEAR 9FREPs | ﬁa?’e\}é’lg\/@rff‘ t mvé:%é:o}%ﬁe

Tount ed Lo i he CLAfuLEaBEDs bt S0HRY DR hed. | Ml WG GoNLIRd AL 13T

permts the air cy ers 0 bé gperat’e

el ongat i on-f ol i §g; oPgESLLORS 96 LRSDEIOWL thPHURS Khad He the _
. y, the driving settion for opening-closing the Tinal valve 77 is
substantial ly equshtifgthes816pbihle syieancony WHvalyesd/5a,, 75b.
15 The first process unit group Gj comprises a resist
coating unit (COT) énd a developing unit (DEV), as
shown in FIG. 2. The resist coating unit (COT) is
disposed below the developing ﬁnit (DEV). It is
desirable to arrange the resist coating unit (COT) in a
20 lower portion of the system 1 in order to make a waste
liquid disposal mechanism simple in constrﬁction and to
facilitate the maintenance operation. A spinner type
process device including a cup CP and a spin éhuck'is
arranged within each of the resist coating unit (COT)
25 and the developing unit (DEV). Likewise, the second

process unit group G, includes a resist coating unit

(COT)_and a developing unit (DEV). The resist coating



Each of these stream conbi ni ng val ves 75a, 75b has a height W of‘gfghééﬁg
mm and -a | ength, W2 of about 15 50 mm Further, the width of each

val ves 73a, 75b is substantially equal to the height WL. Each of the first
and second inlet passageways 115, 116 has an inner dianeter dl of 4.35 mm
Further, the outlet passageway 119 al so has an inner dianeter d2 of 4.35
mm 20 Incidentally, each part of the strealbcorbi ning val ves 75a, 75b is
made of a PTFE resin. As shown in FIGS. 8A and 8B, the controller 131
permts the operation of the front stage stream conbi ning val ve 75a to be
repeated. To be nuore cific,.the_condition shown in FIG, 8A in ich
heC il et passadiidy sl R el 46t a7 ce 6 BBeat2anE BREcEdRar I SR U
FIG 8B, in whi t J4.nd oy ~c - g d are
opened, are aItg&hé&%%ﬁ%ﬁ%ﬁ%ﬂﬁdﬁ%gﬁﬁtrEgegﬁngggi%gcgggéigé}té?% 6EH%)
repetition, the 1 Sds SOI4Ut I C Lned W thin the

out | et passagewé&ﬁﬁﬁyﬁﬁgnﬁéaEﬁ%Zgﬁg%gﬁbF%Fggséa?&ZtSEQggg)gﬁﬁ t he conbi ned
SFrea”"S_fOVWQME%EWﬂBélt&ﬁéfdé§él§$§hbcuﬂi%eRD§@§ $R 13011 dithd HdNthPr | MBIy
m xed resist solution. As shown in GS” 9A to 9C, ‘the controller 131 al so
permts the operfitddi foddds NeRit S§EEpSEL €ar pYsGeIbinRidnGdsldent/Hdy to be
repeated. To be nore specific, the condition shown in FIG 9A, in which the
i nl et passagewayhel ewstbdiig aigi€! pBEW) bBeoagidigt iten tHkowedohd| G 9B,
in which the inlet passageways 115 and 116 are both opened, and the

condi tion shown procelds MGt 9froum @hich the inlet passageway 115 alone is
opened, with the other inlet passageway 116 kept closed, are alternately
brought about repeat &% ysh®@enaiseFd6.t He tégettintingh prdee s iuraity g ol
resist solution and the thinner are conbined within the outlet passageway .
20 119 of the stGrdmTidsHi dgceal yBg78pitaldOLhe fosnsiordd ngt ridwemwater
forwarded into the second static m xer 76b so as to forma final mxed

resist séfutionW FHEPOSRA B A0 EPE ERRILRGSEhafls 2ShGRIRT e topdiB) i ng
timn of the nbers of, the resi coat i ng 25 deyel opi a at of the
plresegtS i nventi diP* ﬁﬁs@riﬁ%%l?y?%‘—%é“eTgAltgﬁB\?get %X‘eobpé'f%% &PﬁP%ac[%“Z
bel | ows pu 73 .for the resist solution. FIG ,10B, -..3 AUK_ 2t4 .-

shows t hg rJBer atr}yo#ocﬁm?%]ec bE? | %%Hﬁuﬁ{?p 7245 8}1@,[ f}?@ r‘tdﬁ‘irlrgnéc’r?rel‘ﬂ%h % shows
t he operation of_t I h i_nner .. Fl.G. o] t he
oper altoi onsI of tHe %esrisj{é aﬁ%y%gggﬁdzégl ‘\f'/qggehg&%@f%%é 55 ﬁgldd'%ﬁ \thle '
front stage str oo+ | ye: F SARE[SEdpn of the
first valge 113§ﬁﬁﬁglqg%gﬁrgfqﬁeg?ééggggagggs%%Egﬁfggﬁﬁ%ﬂ?%g va Jgp75b.

FIG 10F;3shows t&ﬁ@p@zmioﬂoﬁftém§0§seqa w@bya nkl4hd R deged;y ) neddie rear

stage stream conbi ning val ve 75b. 10 As shown in FIGS. 10A and 10B, the

bel | ows punp 73 mreltdleingrehibel  PREBRKED édahapRrSicantiaty Up heat
sinmultaneously at time tl and are stopped simultaneously at tinme t7. As a
result, a resisttsdtént bafloret bhandd ghte exposured threatridietse quimpsyd3 ' 15
and 74a toward the front stage stream conbi ning valve 75a. On the other
hand, the seconddst+loakiponpnidd ( BOSRAXE!)eeagh atextfiommitg andhéat st opped
at tinme t5 as shown in FIG 10C. As a result, a thinner is supplied from
the punp 74b tovkrertment eaf teraybe20 ighte gmposvsienitmeataent 750These shoul d
be noted that the tine period between the tines tl and t7 is about 5
seconds. 28 so, tHIht nRrpeeFOduBLtfeanet Fdackass ane aRen he s Pn

seconds. ) . .
the order mentioned such that the cooling unit (COL)

occupies the lowermost position. Likewise, the fourth
process unit group G4 includes a cooling unit'(COL), an
extension-cooling unit (EXTCOL), an extension unit

25 (EXT), a cooling unit (COL), two pre-baking uﬁits
(PREBAKE), and two pést-baking units (POBAKE). These

process units also stacked one upon the other in the



AS shown in FIG 10D, the first and second val ve 25 bodies 113a, 114a
included in the front stage streantonbining val ve 75a are opened™ 3 AUG 2004
sunultanéously at tinme t4 about 20 m croseconds (ns) after the tine tl and
are - 3 AUG 200 - 31 <closed at tine t10 about 20 m croseconds (ns) after
the tinme t7. It follows that the inlet passageways 115 and 116 included in
the front stage stream conbining valve 75a aife epened and cl osed

simul taneously. It should be 5 noted that the front stage stream conbi ning
valve 75a is opened at tinme t4 inghtIy after the start =up time tI of the

Cycie from i owihg Bk 1o TR oo iR BABechs ARALHEA. Cradi AEREAI Ty, 10 the

time period bet t S 1 \haut 5 seconds. As shown in
FIGS. 10E and 10%%‘;?1{%.‘1?@% %‘?n‘geg’g‘g%%d8°g?t%§édi es 113b, 114b included in

the rear stage Strea”i’@%‘i%ﬁ‘l&gbéah%eaaﬁh@%et@i%e?)%c%tsst' ’égxpte%ajt%re

slightly, i.e., less than m croseconds, after tinme tl t hen closed
at time t6 slightdw.in -@achI@ﬁStﬁQaaoanﬂEcnaaecqeéﬁ. ahtetnbl B&tbasibie
period of tinme between the tines t3 and t6 is about seconds. On the other
hand, thesfirst oo Mmdadyid1BbXTSor) onhdchlagt hiriBngRdslinglat Nywelr. €. ,

| ess. than 20 microseconds, earlier than tine t10. The tinme period between
the times t3 angpdritlidrs abotiie StsecvhdproEusshanitagrehpwesi.n BnGthe0G t he
final valve 77 is opened at tinme t2 internediate between the tines tl 25
and t4 and is clodwr dtand pethd pnoeesedianpelretween ishdighneés eachneft 10.
Since the final valve 77 is opened slightly before the opening of the valve
bodies - 3 Authel-pre-gpakingpunitgp(BREBAKE)eathst agetsbakdmgc smiitsi ng
val ve 75b, the resist solution and the thinner are allowed to f|OM/SnDOth|y
into the circui t(ROBAKE) as2R@ Ehﬁ|@9€e§l§&fPPéFeﬁﬁDﬁlWmﬁghoﬁrﬁhé§€aﬁﬂ@
streans ﬁﬁthln the 5 static m xer %& Qould be noted that the

control | &P 131[ﬁﬂrﬁQEFREﬁflPﬁﬁflﬁﬁsggg§ ?f§t8fPFﬁEeF§aPn§Fa§Eoup Gg -

trean}conblnlngrvalve 75b 9. be ogened ar °§ﬁ§8'n synchroni smw.th the

front stage strean}d%ﬁ%ﬁ%ﬁ PYafve®18=754 aﬁé epg £S5t HEH &
passagenay 110 Mrdd Ao ol 206p0H EATHEOTRLILAR ALY 4 n o) sko i opened of

closed in synchronismw ar gi ig-'sucking" operati ons per med by

the second bel | qug, UINDh 4. nhd b §f899@n§ ghgwg punp 74b is controlled SO

as to be 15 turned oh (discharging state uring the initial several

seconds during the rephst;atepE¥cBesEeE iDHCN 2t ha! dihRd RN ai Ly
passageway. 116 of the rear stage stream conbining valve 75b is openéd only

during the initisduseves athsesppdsspotedtabaval An aheeXUalxis2@itdeRtion,
resist-thinner primary m xed streamis conbined with a thinner stream and

t he conbi ned strneansisireizedesmallérnthhe shat proveser séalrion G3 i 4dll,
12A and 12B collectively show in detail the constructions of the two static
m xers 25 76a, 7bmaxis dhoemtionFl GArtangedconofthiehd retndt isd.ds xdr $h&ba and -
76b i ncludes a stainless steel pipe 176 and a | arge nunber of baffle plates
117a and 117b, interface section 12 are a flexible pick-up cassette CR
and a stationary buffer cassette BR arranged below the
20 pick-up cassette CR. Also, arranged on the rear side
of the interface section 12 is a peripheral light
exposure device 23. Further, a second sub-arm
mechanism 24 is arranged in a central portion of the
interface section 12. The second sub-arm mechanism 24
25 includes an arm holder for holding the wafer W, an

X-axis driving mechanism (not shown) for moving the

arm holder in the X-axis direction, a Z-axis driving



r- 33 - 3 AUG 2004 e.g., 74 baffle plates 117a and 117b. Each of these
baffl e plates 117a and 117b is prepared by tw sting a square plat@ AUG 2004
rLghtmard or leftward by 90. Specifically, the baffle plate 117a shown in
FIG 12A 5 is twisted leftward. On the other hand, the baffle plate 117b
shown in FIG 12B is twisted rightward. The baffle plates 117a tw sted

| eftward and the baffle plates 117b tw stedisgi ghtward are alternately
arranged at a high density within the stai.nless steel pipe 176. 10 These
baffle plates 117a and 117b nmake it possible to stir the m xture of the

resist solution _and the thinner with a _high efficiency. It should be noted
that the stainl &&ERARETM p( BRL 19BOWRYLEQTI¥SHEAERY Lade VARG e afimnet er

d3 15 falling within a range of between, for, exanple, and .8 nm If the
i nner dianeter(féiégfripsggfn%é §l§t§ére5%ﬁ8nl7g%i§n§ﬁﬁ | er SVARA L Fe | over
limt of 2 nmm inle t L p 76_t.ends tq.be plu d, On the

ot her hand, if the ?%ﬁ%%mdfg%%t %ﬁé‘égl) OEO%thjgggpgi %Ihgsérént g%elcﬁrpe 176 is
|l arger than the HpRer Lhdd_9f; t he unt. 40 jquid to be
di scharged is increasgghakéng%hg’cgégpginggpgﬁﬁikg&gﬁ t egﬁé{_st sol ution
i's changed, | eagidihi®idn! t'ti;ﬁb%ﬁ?' eBrehbiingnthe0h h?;lo&%i%étbé& ution
and the 25 thinner. In each of the static m xers 76a an 6b, a corrosion

resistant film sah 8Sréh!etrié! 8666nat BUbeAem merhdrAdi 24 15 cafhpr&sin
coating, a "nynflon" plating film TiC coating film or a filmformed by a

Turfrane processbrgett mgdicc@xs dabi @achs offortied che se@tess idre, BH [ ages
whi ch are brought into contact with the resist-thinner 5 m xed i quid such
as the inner waldemwiphdmakthighesexpbeakepidpeitéb 2andnidhe haurdharass iadn t he
baffl e plates 117a, 117b. The conponents of the static m xers 76a, 76b are
general | y formedroft s¢EXT) dsslengehg Eowsher foutrths paosespossiil e to use
other materials such as 10 al um num an alum numalloy, titanium a
titani umt8l | oy, FFWMRIKH - al Twytherni thel serpsdi gmbakicoy nechanism 24 is
ni ckel -chrom umcobalt alloy for form ng the conponents of the static
m xers 76a and O ARMRIE 9 geHFingnafrsefRe tReRaMpife meledriivany
exenplified above, jt js also 15 possible . to use_resins such as

T By

pol ytetraf| uor o-ZEHy ST RS )w_bF N §P&p Lo AT REPPSHLS _(qﬁi')i‘*‘r%'r
formng the conponenpfnoéhéhg9%é§£§99%%éﬁh§&%%§Sg%qgﬂbﬁgCﬁbgﬁﬂaln FIG 4,

the front stage static nixer | tive to the

hor i zontal 20 pleaji, Siledt {4 a L 08, SUESLEBRE S 17 LS (W XET o/ 43 d 811

posi ti oned hi ghe n the upstream side. CE ownstreamside 1S

- posi tiongd hi ghehd hanedl& MRsd & £k $1 IGrohBeGl bnl Enk! kolat 3 R d;%‘é@%\d

easily toward the downstream side of thé front-stage static.m Xxer _
25 thus, is rel ersiaf £a8ihdchonidR 991(Si et BREYHN pibe RAZ2IA BGrdip IG5

desirable for the inclination angle a of
is arranged movable along a Y-axis guide rail 25. 1If
the fifth process unit group Gg is shifted in‘the Y~
axis direction, a free spacé can be secured behind the
20 main arm mechanism 22, with the result that the
| maintenance operation of the main arm mechanism 22 can
be facilitated.
FIGS. 4 and 5 collectively show in detail
the construction of the resist coating unit (COT).
25 As shown in these drawings, a spin chuck 52 is arranged

movable in a vertical direction inside the cup CP.

A plurality of suction holes (not shown) are open in



- 8 AIlG 2004 1 - 35 the front stage static m xer 76a to be at Ieaib 2. 0.
If the angle a is 20 or nore, the air does not stay wthin the stat PG A0lker
76a. Incddentally, since a large nunber of the baffle plates 117a, 117b
obstruct 5 the novenent of the air toward the downstream side within the
front stage static mxer 76a, the air bubbles tend to stay within the
static mxer 76a. |If the air bubbles stay wghin the static m xer 76a, the
stirring efficiency of the resist solution-thinner 10 m xture is | owered
within the static mxer 76a. Incidentally, the length L1 of the front stage
static mxer 76a is determned by the inner dianeter d3 of the stajnless
steel pipe 176 5he tBEPeFuBNBLasf I e tHRiR SN4EksBE uERBR FBAtat8Fngl e

coating operation. To_be 15 nDre:éfecific, t he Iength L1 'é determined to
permt the i nneMa§gEuMe G hife hald iRY nyaerumesue bigR Part ©efiBdfh to house

th i st-thi i xed liquid used in, at | i ng '

oper at 1 on. For BRHR ©2 1 hd 1LSHh R TOMePEr PRAGEBED BOFAt SEhasst ati c

' to 20 h i | . LA E 64 4, th
Tear stage stat ne Rkl Sy SRt aGena g SECHINbRRE Bt 10T

valve 77.¢1t is not 3 hg&g%x%€§€§§5ﬁ6¥ogog4tgg Egﬁén LadGishatll @nm xer

76b to beinclined. rment .shown 1nt raw ng, the rear

stage static m yej 26y ishirspesed, subshant battynhpihzantal,. As appar ent
fromthe dramﬁng?epﬁggﬁéﬁbth‘LZ of . the rear -mBBAIJG 2004 - 36 stage

static nixer 76R1usisi |Slardd@nedpess engt dikposkdt Be toboek shageppeatic

m xer 76a. For exanple., it is desirable for the length L2 to be about 1/10
to 1/2 of the | emgt bi ki nidwod ront sThgefshAageccapx6B dathéhamofolresdt h
L2 of the rear stage static m xer need not be unduly | arge because only a
smal | anount, eig. ,jdiree] t0f and esugposbédt bpnaof adarl owldodeentidarindnai s
supplied first toward the wafer W The final valve 77 i's arranged

i medi at 20y 10 oewmisitaadargwide M2 nozkt esBeuldsbehoaiiedn theG pPoWer ke t he
stream conbi ni ng val ves 75a, 75b, the final valve 77 is constructed to open
or close the passagamyciorcuhes réarsthenmater Atxadd £ &hsy adfe novenent
of a valve body caused by an air cylinder. 15 FIG 13 %homs t he qperation
of the control | &¥ligdesfiligre fFoynechedc5Rt AR PEEPYE) beIMy Pdcfed to
control a nain air valyve 1ﬁﬁ3 ang t hree ?'h fégm1control secti.ons 133, 134a
and 134b on t he GO ¥eT ne3 HetRA¥Pohs E al s?supplied fromthe |ight

iving 20 secti 109, and 136, t . The mmin: aj
Conei S15 0f an ol ect r HheGRGt P2 VaFv ECRBMION S ERB i (R ST S
121 The 44 ir flow i.on :133 Y O
The oyl i fder 107 HenE BRI 78 Dl EBNECPORRERICHER I KRR gl ©
Further, the se;gggugi Ofiﬂmﬁﬁétﬁiegﬂiﬁ9|o%e%%bo%u¥%$ad%%é&ﬁiéﬁédﬂﬁ&ﬂ(ﬂ
. urt t he I r al

the cylinder 10 rther, t i flowrate control section 134b
serves to contralegion of the coating unit (COT) so as to keep hermetic
the inner region of the resist coating unit (COT).
As shown in FIG. 5, a transfer port DR is formed
20 through a side wall of the resist coating unit (COT).
The wafer W is put into and taken out of the unit (COT)
through the transfer port DR by the arm holder 48 of
the main arm mechanism 22. When the wafer is taken,out'
of the resist coating unit (COT), a rod is projected
25 upward from the air cylinder 60 so as to move upward

the wafer W. Then, the arm holder 48 of the main arm

mechanism 22 is inserted into the free space formed



3°AUG 2f4 - 37 the cylinder 107 of the bellows punp 74b for the sscgqg
thinner. stream The main air val ve 132 communicates with each of TPveUGZ0h
cylinder$ 118, 111a, 111b, 112a and 112b. 5 Incidentally, the air cylinder
118 serves to open or close a valve body (not shown) of the final valve 77.
The controller 131 supplies a control signal to each of the three air flow
rate control sections 133, 134a and 134b-i n2@ccerdance with the initially

set data 10 supplied by an operator to the controller 131. As a result, it
is possible to control the |liquid discharge amount per unit. tinme from each

f the bell 73,~ 74a, and 74b, Si the Iiguid disch . t
per uni t i e f POAPUAEHeMATRE Lt | FRSErbe g aeond it aha 2 LAk Ban
trolled in this fashion, .it is.. ible t t iy he ., xi
Fati o of the redrat SROGL: dif SNHE TPIare (88 £8 EBnPASFOrRe sl ot
concentration Oka%@% %’gﬁ’éﬂéﬂﬁéa’h%ﬁ&%&tbg result that the viscosity of
ontrol I'ed at~a 20

the resist solutioncan be C desired target value. It

shoul d al'so_be not ed pat; 1ha.0u puly L ARAKSL! s ohingle ERANSE 109, 136
CI: (0] ﬂe

serving to detect the en oi nt scharge step of each of the

bel | ows pynps 73 sfhed b AR PR i @R §De cantbbkepok3tomBased on
the detection signal supplied first fromone of these |light sensors 109,

136, the controldney clpl drerdBrinsuri itea t®é 'wath ¥apvarddtiyootthereliesed, and
al so - 3 AUG ZOp~ - 38 permts the air cylinders 107, 1l1la, 112a, 111b,

112b and 118 of pgaedgandysval vEne vasine Lbheubdl tewsrpfiopally, séfmratdu t o
be turned off. It should be noted that a subtle gap in the timng 51is
provi ded in the fomnoftheope st dhsdwfingerstacammcodbichenyafs@irvds 75a, 75b,
the final valve 77, and the bellows pumps 73, 74a, 74b. The particular gap
in the tinmng cadsshangad did echasowesidedobytbrafgritdnohanidndtd of t he
air supply pipes connected between the 10 main air valve 132 and the

i ndi vi dudbl air d&phawsr shedrain paggagewayspnotedyabeve. AFVERNES bed
previously, if the tine t4 is earlier than the tine tl, the resigdual |jquid
for the previ ouRTcHARSE RRISEIRN 1P BWFBRcRWAr BFi Ao OPRE *f r I} §‘Iad¢1df§ W is

t nmbi ni 15 I 75a. T t.ot ifficulty, the f t_ st

St 1 eam conbi ni ngURAAEd B Ehe el SB Ut Pas SRAIG e RSN PRI
ti tl inth ' . f ol di t . Off h Gf. |

pumps. 73, 745, BN Ghon SehaShpRdys’ BoMd (PR Mol BRARS
74b is in th I ' , j I : ' | |
{he Tront stage CiF R afdor boBh 18| Aoahnge, SRS Tt

set earlijer thanddietdnest SQu@Scho prevent the resist solution from
bei ng drﬂ%ped fr&%It éénozz%£e86 gS onto the wafer W The resi'st coating

apparatus of the presgniesNy¥enhbeR1608%t HEClRA: A AASE MdBTkSDOVE & Sfree
operat ed as . ,
end portion of a scan arm 92 and held by a holder 100.
The proximal end portion of the scan arm 92 is held
horizontal by a nozzle operating mechanism 96, which
20 includes a Y-axis driving mechanism (not shown), a
Z-axis driving mechanism (not shown), and an X-axis
driving mechanism (not shown). A Y-axis guide rail 94
is formed on the unit bottom plate 50 such'that the
nozzle operating mechanism 96 is moved in the'Y-axié
25 direction by the Y-axis driving mechanism. Also, the

nbzzle 86 is moved in a vertical direction together

with the scan arm 92 by the Z-axis driving mechanism.



3°AUG 2~~ - 39 follows. In the first step, the operator supplies_hnMﬂ5mm§
advance to the controller 131 the data for setting the viscosity of a
resist salution which is to be supplied to the wafer W The viscosity thus
set conforns with a 5 correspondi ng table between the viscosity of the
resist solution at the process tenperature and the stroke velocity (i.e.,

t he di scharge anount per unit tine) of each2af the bellows punps 73, 74a
and 74b. The supply anount of the resist-thinner mxed liquid for each 10
cycle is determ ned by using a position detecting information given from
the sensors 108, 109, 137 and 136, Fqr exanple, 0.5 ¢c of a thipner is
added to and mi JRtFwheH B {IPEELE B Gf MR eedine they RN ohP SHAFRS ™ om

the nozzle 86. IL.n this %ashion is 15 stsible to decrease the anpunt of
e

[
the resist sol utton MBS #5615 2EENINE PSSR 358N recei pt of the set data
on the viscosity. of e [.St ..selWiaen su j f.rom 4 rqnthe
controller 131 reads Aogtsﬁr&g% Pﬁeg‘gg'rg’s’pgan | négzejtdeab ael%]fh%&%%’?%ﬁogno t he

trok | oci t f Gk ' 748 7
stroke velocl yo‘g P@ﬁﬁ?c@ al8cEAL' ﬁpg@%'o%"d W a etdr(‘;oﬁleé}f/&e A, so as

to supply control signals correspondin esire ocity to

the threesair flauiste-6001A8! uHE%hi‘@:b‘i‘”fE 1%%he 13da ANdiol3Al S Vddhid
control the driving of 25 the bellows punps 73, 74a and 74b, respectively.

As a result, theysiiewke v€l Re1EYwikheén thie ndisakangs wifyHedelonrid ti e,
is set for each of the bellows punps 73, 3 AUG 200 - 40 74a and 74b.

After conpletionswihthieasethenyigaser shad tdbhey podthe £LaHe ald2r1d Hp opens
the main air valve 132. |If the main air valve 132 is opened, air is
supplied to 5 eacisaftedfieinto ayhphee99al®f alkld vehit?atrkidiherdd 2b, and
118 of the bellows punps 73, 74a and 74b." As a result, each of these
bel | ows punps 7Fhambennd X4plusaldétgedft rasdmir avzales £6 drrdelld herei n.
At the same tinme, each of the stream conbining valves 75a, 75b and 10 the
final vallWe 77 iwitgpbhebhe\henziReydifdngeseatd pdfedo REERESi&t sol ution
s 73,,74a fromthe resist t

and the thinner sucked.into the I'lo pu nk
71 and the thi nrn‘t,\‘il*t%lﬂl(e7‘2°é?éec8ﬁbitﬁ\g§>e\mst 97 4tk frghiangqngethose held
stream conbi ni ng_yal ve 75a and, .then, the ¢ i ned 15 stream.i s ;stirred, and
i xed wi chin t ndryehiE RE, FRTHREr Bk os % The- i i HHY F%ed
liquid. material,, Furfher, th rimary.,.m li quid materd al | nmbi ned
with a second th‘l’lnsn%éé%ﬁ(h?% gﬂg F%%rl%s as)é)g&s lrog‘arrur‘c’ceggarr’i)i nclsﬁgce\)/%f%%’ 75b and,

then, "the condi ng 20 SLeal b, s 4 AL HRAL 1) LR ARCONG Glak C

m xer 76b so as prepare a tirnal m xed 11 mat er1 al

bel | ows RS 7%if§@reﬁébkﬁﬁé§h8% R jend Syt Hf §d}?pf§lg§8$\§€_%%s S’ﬁ%ﬁ’ the

25 position detecting signals generated fromthe sensor’s 136

are supplied to ﬁ@e7p§E;fggbg5t13é1§Q as to close the main air valve 132.
The di scharge 3 ~ 20Q - 41 (conpression) operation of each of the

bel | ows punps 73, 74aps7dbscsibied Piedrinuslpsitige thelder n1a0r ivahyentdd.
Then, the folding pipe 102 is elastically elongated so as to suck the
resi st solution tmdthaéedibtaleendAppation of the scan arm 92 so as to
permit the holder 100 to take the resist nozzle 86 from
20 within the nozzle waiting section 90. Further, a
thinner nozzle 101 is mounted to the holder 100 so as
to permit a thinner to be supplied from the thinner
nozzle 101 onto the wafer surface prior to 'supply of a
resist solution onto the wafer surface. The thinner
25 nozzle 101 makes it possible to perform a so-called

"pre-wet coating treatment".

Further, a second nozzle operating mechanism 99



5 each of the stream conbi ni ng-val ves 75a, 75b and the final valve 77 is

cl osed ‘substantially sinultaneously wi th the change into the sucki 3gAYG &
of. the fdlding pipe 102 so as to finish supply of the resist solution onto
the wafer W 10 In the coating apparatus of the enbodi nent descri bed above,
a resist solution of a desired viscosity is Erepared by m xing a resi st
solution and a thinner, and the resultant nd%ed-liquid material is supplied
onto the wafer surface. It follows that a 15 resist solution of a desired
viscosity can be supplied onto the wafer surface by using a single resist
solution tank a ' | ops _t Lt gssible to
neet easily andq%r %‘ﬁﬁ'{{%f%&%él r%ﬁ@%’fh%%r&’g{%hgﬁae%%sg Pﬁ%gﬁﬁess of the
resist ZO fil mwh i n e f : co e, it is
al so possible t\gﬂgg%gl?ag;ﬁ%}%véﬁ%d%ﬁaﬂge%% éu?ﬁ%clg%gs%f' t ﬁ‘rg%r esi st
film caused by thedini InbA4fd dsdcesing hb8naRYsmo9gERLak 8RNI ;GNYy The
solid conponents contained in the resisSt 25 solution affect the thickness
itself and unif egualy iim ddistiickiesstof thBeriestShokkzh B oPeeditfingal | Y,
FIG 15 is a graph showing the relationship between' - 3 AUG 2004 - 42

t he sol i d5cont emtecdfartitee r9si stTisol ptdrimabdehiepbbtibness af hiolrd Zoasdaalt
filmfornmed on a wafer. In this experinent, the liquid material spurted
fromthe nozzl e sicempaaun i 2 pl sacerphyr bedobydthat secahd( aokzllen 5 t he graph
of FIG 15, the amount of the solid nmaterial replacenent is plotted on the
absci ssa, with Operadsing rMeghmnisrckh2ss Pnnfkhpephbhepl bandd enntimse
ordinate. Naturally, the resist filmis not forned in the case where the
anount of the s&9%Fkeatld?d dor epidRhbREing is werptedstappheedirae @ndl G
15. The target ratig of the solid conponent to the entire liquid was set at
23~. As appar enPOHGAN I ghpMorheerhptkAeds 8FMt Rd0resist fil m was
stabiliz at 1601. 6 nm where | he unt - the solid materi I epl acenent
was 80 cggor more. THE 1 9V%w}?afﬁépo#’tﬁgefFF§ﬁsFe§P§FH§bI i*oh and the
first and second _sql vent e contyoll . Rer a1 he f.i nal,m xed |iquid
material to havgog&\ﬁc?céc?:i%%[ ot Ig%%%% lgg%%glgﬁé%kgayspépﬁr §|§h ts%c?wi ng the
rel ati onship 20 t:\ween i | t : e I sal yti d the
nonuni formty iﬁQ%H§ﬁ§E¥%EﬁE§§’%€k€ﬁ§ gggfg% ?PI%%?%P%%& %ﬁﬂéﬁﬁé?%f- The

anmount of replaggyygt(304g¥h§¥uﬁfkcg@@@yent (cc) is plotted on the.
abscissa of the graph, with the nonunifofniity (nm of the resist film25

being plotted on the mreh nag eco The €¥peebRERL1YASheRNdYCiRd 4indarhd he
conditions. equal to those for the experinent relating to FIG 15. As

apparent 16rom t hesist-XAKnOMixidd deraph, 70he Agnghcker Tint Wi the
t hi ckness of the resist filmis Iess than 4 nm where the anount of
repl acenent of tthe s it tcoripiomest mixB8Agcdeoicrp7O, compmdiskisn@g tdestist
resist filmof a uniformthickness can be formed 5 on a wafer. Were the
viscosity of thé&andsiklt stuingm ixeshahgedlizhiaogotgdandd iningr. ttdnks
requi renent for a chaan
72a, 72b each storing, for example, a thinner as a
solvent, a front stage stream-combining valve 75a, a
20 resist bellows pump 73 for sucking up the resist
solution from within the resist tank 71 and for
introducing the sucked resist solution into the front
stage stream-combining valve 75a, a first solvent
bellows pump 74a for sucking up the thinner from within

25 the thinner tank 72a and for introducing the sucked
thinner into the front stage stream-combining valve 75a,

a rear stage stream-combining valve 75b, a second



in the thickness of the resist filmto be fornmed on the wafer surface, all
the resist solution used before the 10 change in the viscosity orfiHHG 2004
resist sdlution and remaining within the piping of the resist supply
circuit is discharged to the outside in the enbodi mrent descri bed above. The
residual resist solution is discharged to the outside, for exanple, as
follows. 15 Specifically, the resist nozzl e286 s noved first to a waiting
position. Then, a resist solution and a thinner are continuously supplied
to the systemunder the discharge conditions of the bellows punps 73, 74a,

74b t aft t i th i 0Si f the.resist ti . Th
e ot sal Ut on i M SE MRSOTREY 8L BREIGRY Bb e @l (TMeS°
th th it i ni f | 73,
7aa. 74b so as CEprEh A Pl FUSORT LAMRLECRANY TpBe R LU0, PHTES
within the pipi NN P Bhé ABYERGOMAShheam; gk ot *eglreb%lelaew%té 74a, 74b

t hrough the resist nozzle 86. As a result, the residu resi st solution

having a viscosigteeidfedm@in{ i@ aeedesbred front3sAH8e2@RRtic Mxer
viscosity is prevented from being supplied onto the wafér surface, naking
it possibbe to suew) ya aréesistagsl staenchaiikeg asdesanadavivaqesl tyy even
onto the wafer Wwhich is processed first after the change in 5 the target
val ue of the thimckessd ofo ttiee ress st f shpplit piipkl 88sekitahding dapossihl e
to forma resist filmof a desired thickness on the surface of every wafer
W As descri bed tdlsowgan het agdositabit néseri Béb abdvéhes resdsired i n t hat,
in formng a resist coating film10 on the surface of a wafer W a

resi st-thinner mogzde i%fui d Pee efluidcpasararngys edl &heveaky isqr ge anount
of the thinner is supplied first to the wafer W followed by supplying a
resist-thinner MAetti9nyARA ke FRINAGY A§SaCRRgRY 84yl tagrestlyatitn to
t he mafeﬁ W 15 What, s&zuld be noted s hhat the entire surface of the
vafer Wi suf f RS SHtY R SUCFTFEE WPt RSt AEMPEBRS: HiERAEr thex&Fantyui d

materi al containi,ng a large anmbunt of the thiﬁggr. hen t%ﬁ r esi,st -{ hi nner
ntr

mi xed |iquid mterd H TGO YR PEsVELVEo 0 5he e e

lied in th t i s al t £ or o th
cuppl a1 e ety ey 38l bovesa gosarsadl Lo gl gver the
uni formresist fddyapl fhdeghd e@hlﬂhéf”@%§e§)ﬁ§%r’éh% %%Ve'dr %zs‘é.rlfo%%gor gl on

of the substrate. 25 What shoul d al'so be noted i's that, in this enmbaddinent,
the wet state ofpdrie adidsS UEACEErE8RsP@CBR! EBlnbEfelin FaeCardance with,
for exanple, the size of - 3 AUG ? 45 the wafer Why controlling the
anmount ofist he t jrenbstadtiated opéheodesifStibi pRehim x0e e ¢umfeeri al ,
making it possible to carry out the resist coating operation under a
broader range ofstteacashbioisg baFuet I6b,. arulitheer, thef welsHet-added to a
primary resist-thinner mxed liquid material inmediately before discharge
of the m xed |i dihichmest exdrath LfiednstheamoZphceme86 wiltth iolthenwsf riomdt stesgeni xed
liquid materi al :

stream-combining valve 75a is mixed with a thinner

within the front stage static mixer 76a. Still further,

20 the resist-thinner combined stream formed within the
rear stage stream-combining valve 75b is mixed with a
thinner within the rear stage static mixer 76b. These
memberé of the resist-thinner mixing device 70 are
connected to each other via pipes exhibiting a high

25 resistance to corrosion, e.g., Teflon tubes.

The resist tank 71 and the thinner tanks 72a, 72b

are arranged outside the coating-developing sYsﬁem 1 of



héving a low resist concentration can be supplied onto 10 the wafer surface
before the resist solution and the thinner are separated from each HtA4Er2004
Natural |y, the resist solution is allowed to rapidly spread over the entire
surface region of the wafer, nmaking it possible to forma thin resist film
uniformy. 15 FIG 14 shows a coating apparatus according to a second
enbodi ment of the present invention. Those pdrti-ons of the second

enbodi nent which are common with the first enbodi ment are omitted in the
foll ow ng description. 20 The coating apparatus of the second enbodi nent
conprises n-nunb o] LSt . 711 7 QUS| i st_solutions
differing from egfé% %f%géh?nlhggnggélz# 8&1& Isljo?’sr{gct%ésclpgfté g‘%}%tf%ﬁlﬁg to n-th

resi st solution pfteni o] ach o ler el ?ﬁgpﬁﬁg [ h ed
in these resist §%%gg&%léh@g 2gngh§eg§§E%?@&%ﬁk ese %réﬁhé% ﬁégh ?géist
solutions R to Rpjhngipds. 788! ¢¥BIPLespadiqraly ¢ novol ak resin i - 3
AUG 20~~ - 46 resist, a chemcal anplification type resist, etc. whose

concentration and vi sgagkly7anadad ¢k ARRFORF | KAk Yin Ai&0aibethews punps
731 to 73n are nounted to the resist supply circuits connected to the 5

resist tarks ?llconsftoactieapectt thel e lllotrsC @ainipry Rl oh Ushé Uup8€Ent
conprises two thinner tanks 72a and 72b. To be nore specific¢, a thinner
supply circuit 78bvéntiohe thtnabpufldnbe72@ties] adrdti nete WEikst andir st
stream conbi ning valve 751 with each of the resist 10 supply circuits 781
to 78n. |ncident@e¢9ndt helippar prupsof’ 3t keds §doratce st tamt ia slpgeaual o
that of the first enbodinment in the circuit construction downstream of the
first stream con®?nfaghvathervin. cppssaelstdon-he Brnrfiorst sthescri bed
above, a 15 sem conductor wafer is coated with a resist solution: However,
the technical ide"8FrefbipreSénthenddmsitoPeddidwd R B igee in
coati ng, nfr exaqgleh an tﬁr)aubstrate wth a resist solution. Also, a
phot or esitt sol UTHOR af BnENPsARBBINGS -4 coating material in each 20 of the
enbodi nents descri bed,ab . _Howevyer, the technical idea of the present
i nvention can al so beAgngﬁgygd1P0¥%Foﬂﬁaﬂin%%ﬁ éhﬁuﬁﬁ ,O%Fp?BTgc?Sve film
by using a polyim LN,S k ti teria. t ,

dbfigr 885 Naoebyhifl Bt GRQL! Uh LTI s n U L 16H : Lhe

techni cal idea of the present Inve 5 enpl 6ye n a.coa

appar at us equi pp@?hi‘%ﬁbdaf§8\ivﬂn6h§§5t(i%91i 1 4@Qat ﬁ.‘}')e?ifl%dlgcgfrgt?oéjﬁﬁegel@,?) AUG

enbodi nent s descrlbe aboye. However, the technlca_ (
2004 - 47 presefhiéRVeshs08t5a8fahSeohA R Bad dwk Gnadéd Lo £0AL 86 FL

di sclosed in, for exanple, U S. Patent Application No. 08/914,6819 filed on
August 2Q,5 1997.résindpsEsi bedtahadeaitnodet aind tddiea pfeseyd 145 of the
liquid_flowing section 140 and, at the other énd, to a
flange 147 of a blind plate 146. A rod 107a of the air
cylinder 107 is connected to the rear surface of the
blind plate 146. The air cylinder 107 communicates
20 with a compressed air supply source (not shown) which
is controlled by the controller 131. Further, a shield
plate 137 is mounted to the outer circumferential
surface of the blind plate 146. |
Two sets of sensors (108, 109) and (135, 136) are
25 arranged in the vicinity of the folding plate 102. .The
displacement of the folding pipe 102 is detected by

these sensors (108, 109) and (135, 136). It should be



57invention is featured in that a resist solution having a | ow - 3 _AUG 2004
concentration (final mxed liquid material) is supplied first onto*a
substrate surface, followed by supplying a resist solution having a high
concentration (primary mxed liquid nmaterial) onto the substrate 10
surface, with the result that the resist solution having a high
concentration (primary mxed liquid materi alRp i s allowed to spread rapidly
over the entire surface region of the substrate. It follows that it is
possible to forma thin resist filmuniformy on the 15 substrate surface.
What shoul d al s 0, IS t resi.s al ution_having,a lo
concentration (ﬁérg djn:%li%%’ I‘?’%gﬁdtﬁr%t grglda}l)ﬁias lﬁ'r gk?é’ﬁ?d q%ﬁ"cﬁré:i,veﬁ? Hefore
supply of the mxed,di g ek | 0 t.rat @ _suf ) 20
result, even if t?:ﬁe m x_ed&f?%%i %h?rgt g?lgalcyclg'ﬁ?:égtss}o?f %ion(l:égr?gl%tb%&
materials such %Pdixe@|,1§£péoie't', oehanqightthle@\p%rtedt e '5{1;31;1 I bl'e

materials are sufficiently kept m xed physically when sup onto the

substrate surfacaittiddesect 16namDENb rolenche 3@ty @Ringy! alrdvared 1ogide
primary mxed liquid material having a high resist concentration can be
control | ed appr ;gwiteted yf cepeadl pghenemfiert igngagelcd.idne 33 258 @fhd heecond

substrat e, - 3 AUG 2004 48 making it possible to forma satisfactory
coating fil m undmnson akee raogk shieddddt bgnsheTlihd edpiingcatliate i538, as
di vi sional of SG 9800185- 2. - 3 AUG 2004 49 CLAIM5 1. A spin-coating

met hod, conpri sishpwmeintBpS. ofA. (aPnhohei oghars hesid,amwhero the prot ekl
such that the surface to be processed of the substrate is kept
substantial | y hov§ Zepved ; Lopyasddf ngnawddihiantheo cand iinged dl0presress to
sol ution which al ready contains a solvent and stirring the resultant
mxture so as toEPrepahe Fbdindrpinexdd2ri dled lighdr enitted dgam tihe
process i%|UtiOQJ$ ncentration | ower thaﬁ that of the initial process
solution="(c) a 'éﬁfeﬁW%ﬁﬁ+?90ﬁﬁFt%BPVé 8 04 &8ed BimstasPR%ed S i qui d

terial i di at el v bef I f_t | uti t.o th bst
(o prepare a i1 nAe TR TS oo CERAE Br Parl RS A58 Lo Seiin | ¢ 2 *°
concentration Iqﬁﬁﬁgghﬂy #ﬂ@t 9% thﬁiﬂ quﬁy QhQGQ'%%éi lﬂé{ t éﬁuéhéd)
supplying first said final m xe '|iQUI% materiar to A sirrace 3%£e :

processed of the substdaies i A0dsetNeBn 395( )k %l}\%plééic%c{)@%r{ycjfm{\,% 41 gged
of t

quuid naterial_to the surfaceé to be processed ( he substrate, erein
sai d substrate igrddii€cedbeyt radchxhs 1aghReRdiceiihang & S acss Lo be

processed of said substrate in each of sai'd steps (d) "and (e).

15 Based on the result of detection of these sensors
(108, 109) and (135, 136), the controller 131 controls
the operation of the cylinder 107 so as to permit the
bellows pumps 73 and 74 to supply suitable amounts of
the resist solution and thinner to the downstream

20 devices.

If the folding pipe 102 is eiongated as shown in
FIG. 7A, a ball valve 142 on the upstream side is
opened to permit the liquid material to be suéked into
a liquid reservoir 141. If the folding piﬁe 102 is
25 folded as shown in FIG. 7B, ball valves 142 and 143.on

the upstream side and downstream side are closed and

opened, respectively, with the result that the liquid



- 3 AUG 20Q4 so 2. The coating method according to claim1, wherein, where
the viscosity of at |east one of said primary nixed |iquid materi&lAUGNZ004
said findl mxed liquid material is changed in accordance with request for
change in the thickness of the liquid film all the liquid material present
inthe liquid supply circuit starting froma first stream conbining val ve
and reaching a nozzle is discharged after sz d step (e). 3. The coating

met hod according to claiml, wherein a target value and an all owabl e range
of at |east one of the viscosity of the primary mxed liquid material and-

the solid t t tent .of the initjal | uti ti
said step (b), BATSEHEISOPpEFRLAt et Hhe FiaRiOrrSaPEYPAFL 1AL process

sol ution and th%o%%ﬁggglqﬁ%ﬁyq[gﬂgéﬁ%t?%%g§19f7§§id sol vent are controlled
al t ast o

i ndependently to ow a e viscosity of the primary m xed

l'iquid materi al dt |1 t hRpt | d I
L T oLl 00 S SO COTDRIRG kLB L bt gee st

value. is 4. TheeGalidlg %tlh%@%cogaijfﬂgofotﬁé%m%vw%ei fgd tagget
val ue of the solid conponent content™ of said initial process solution is 80

cc. 5. The coat iphg HR{INOGAGLOIH NG ¢ cafh@hded, ohensi fpatiarfet ival be of
the viscosity of 20 said primary mxed liquid material 1s 17 centi poi se. 6.

The coating net kee aGgerid NGdervdid mdl, Waetei the 68hget baali ¢adket ha3
solid conponent content relative to the total anmount of the liquid materi al
di scharged and %eiplg edrdamyedaird oz zdewnst sedmas id3% by thel Ldguid sai d
step (c). - 3 AUG 2Q04 st 7. A nethod of coating a substrate with a
resi st sol uti onresemydisi ngtt.he Biepgsabl:véleptépaonnghe npsikseast sdke
sol ution supply source housing a resist stock solution containing a

predet er mi ned arngdudsfs & dJuinderhalX ¥@¢ and scebadpes! kéAt shppeyiseur ces

each housing a solvent, a first strean}conbining val ve communi.cating with
each of #&Re fir&hesdaldntvaisl it ERr cehandovnetreanseideodredyrgsi rd

supply source, first. pu for_supplying the resist stock sol ytion from
the resist stockaddi JTQ£ﬁ“r%ﬁ)pﬂ§ﬂ s‘%g"?c%xg%ﬂg?d BhESFRRLE BRFELFAdoAFidnitng
val ve, a second &gﬁp forlfupplying the solvent fromthe first 1 o solvent
supply source t SWSEPFhe %Tst stream conbi ni ng valve, a first m xer

ar ranged domnstream<¥hgffa%§%§t%g§g§§ghgoqﬁgngggtﬁa'%ﬁrsi $259R4,

stream conbi ni ng val ve arrang ownstream o rrstmxer, a Shi-rd punp

for supplying t eysplmenodf@d e Saropd. SALVERhRURRLYSBY! Ghel OWar d the

second streamc I'ni ng valve,  a second m xer arrange wnst ream of the

second Sh%ea”*c%®@dﬂd33@%ﬂé“&of”&h@-QPéé'éoéﬁuﬁﬁﬁaﬂggdwéQW“%%%ﬁan]Of the
second m xer; (B) operating said first punp to supply the resist stock

sol ution towardreaiih iSGp S} reare €0ab78ang val ¥Readdhet nlahd ,same ti ne,
operating said second punp to supply the solvent toward the first
st ream conbi ni nq il e, rd derwbiyr al4 DWbAgthbesbtbatl beidbwiso puimp Za@ t he
resi st stock solution comng out of the first stream conbining valve with
the solvent to poaparcicates iwktly theeinhegusdanet efi ahe (EOGLdsmgpl yi ng sai d
primary mxed liquid material toward said second stream conbining
‘ pipe 102 and also communicates with a thinner supply
20 circuit 78b. As shown in FIG. 6, these resist supply
circuit 78a and the thinner supply circuit 78b are
combined within the stream-combining valve 75a.
FIGS. 8A, 8B and 9A to 9C collectively show in
detail the constructions of the front stage and
25 rear stage stream-combining valves 75a and 75b.
These front stage and rear stage stream-combining

valves 75a and 75b are substantially equal to each



val ve and, at the sane tine, operating said third punp to supply t_hf :
sol vent toward the - 3 AUG 200 52 second stream conbi ni ng val ve, ﬁﬂ?é@%
al.l owi ng'the second mixer to nmix the primary nixed |iquid material coming
out of the second stream conbining valve with the solvent to prepare a_
final mxed liquid material; 5 (D) holding the substrate to be processed
substantially horizontal, allowi ng said roz2lle t0 face the substrate, and
supplying the final mxed liquid material toward the substrate; and (E)
supplying the primary mxed liquid material fromthe nozzle toward the
substrate 10 after, said ste D) .. 8. The_coating nethod .according to claim
7, wherein a resciq:é}e’%tb'&kc%%é’f%%ﬁl?ﬂl' et Tﬁogte 5\% €2 58§ C’irEih port of
said first stre c [ 0] | a n i_mul t ous] time t4,
which 15 20. s 2UE SR AETHE “PrBRERIFS, Valya et hted o T 1<t
punmp, 15 in sai . ti t ko ordi { iy 7,
wherein a resi s'?cvit% g%%%%l%%%ng?%§gt§ %grgt'ngrjfg %ngig%vesgl@rﬁ g%&plgér%n of said
first stream corfidddgewa) VELIR! €ag! SRBEHNSIAUIFLRRE0WS YRl dF T8 4HD, s ch
is 20.+-.2 mcroseconds (ns) after time t7 at which said first punmp is 20
stopped, isn sai dislep pddsaddvafhelsoabmiainiebhed AGEN ANy tiided m 7,
wherein, where the viscosity of at |east one of the primary mxed liquid
materi al and thesdpply cixediti g8bd watdar ithle isecdmnged dth pracganne W th
request for change in the thickness of the resist film all the liquid -
3 AUG 2pp~ 53 ndHtls icdmupurseat ingt wihht kbeciresuistt stednttiimm feupplai d first
stream conbi ni ng val ve and reaching the nozzle is discharged after said
step (E). 11. Theixmatt niBaet hiddf drsbr diadyet boddyailrh3a ivharesiably t ar get

val ue and an all owabl e range of at |east one of the viscosity of the
“primary mixed | iSHRRPRE@Srb¥l aanadt @é dofiigstomdonaitl idviaetlld $he resi st
stock solution are set in said step %B), and the supply anmount per unit
time of 38 d restSttQtRREKN sOF Ut L BRCaRBet Hd rSfp Nt SAmRARS " ahi 1131 ne of
said solvent are _controlled i ndependently to all ow one of th

I
viscosity of thPpritargtheketantqufdSREPSS ¥P1asd b[%:ﬁjé( gg‘ls"itad ORIt Y
content of the resj 5rééé)ctl)< -1aorsgl g%i gns%%%%ld' %%fi rgthaiinddes]:E elplég)st;ﬁ[?]o fall

within an al | owabl range sard target “val ue. e coati'ng net hod

di t | aj , j I f. £ j
sccordng 0 a3, oBeTBL 2ok ORE VHUR'u, I Aapreny
met hod accordi ngnd a5 &R f&&%’tﬁ@efifhﬁiﬁ LARgRl MAlg Yol i SEOSELYN Of

said primary mxed liquid material 1s 17 centipolse. I4. The coating nethod

accordingsto cl dtade ¥bEs&hDcEnbdhialy Kallve Ofsd kel it o opeh cont ent
relative to the total anmpbunt of the liquid material discharged and 2o

supplied from sai dcivwgaie 88aset at 23% by volune in said step (C). 15. The
coating nethod according to claim7, wherein said first and second m xers
are static mxers arrBhged PA ser B€s ciol ladt vl pasisageivmydevaikach havi ng
a plurality of baffle plates.
the construction of the rear stage stream-combining
valve 75b. As shown in the drawings, the valve 75b
20 includes two inlet passageways 115, 116 and a single
outlet passageway 119. The first inlet passageway 115
communicaﬁes with a circuit 88a, with the second inlet
passageway 116 communicating with a second thinner
supply circuit 89. A first valve body 113b 'is movably
25 supported by a rod of a first air cylinder 111b so

as to open or close the first inlet passageway 115.

On the other hand, a second valve body 114b is movably



- 3 AUG 2004 54 16. The coating nethod according to claim7, wherein said
second m xer is arranged i medi ately upstream of said nozzle. 17. The 04
ceating ket hod accor di ng to claim?7, wherein the downstream edge portion gof
said first mxer is positioned higher than the upstream edge portion.

ACA A% A% AL Af L A(L. Ay. A A AN Ay. Aa, % A Aa. A A A A u. A A A Au. ACA(. A A A{L.
A A As. A A A A@AU% A(% Asa% A . Al . A9; = 2 =

.As. A. A9. A Aae. A Ay4. AY. AY. AN . AE. AY. A. D 1; | npscd; >

+a} xr mhc”~Y] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
CRa] cRa] ca] ca] cal ¢ah&al£al Eg‘] £3}68l 62' 2 YecondSadr~cylinder 112b so as

KC| $%%b| wr mhc”Y] ca] cal ca] ca]ta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca
] ca] ca] ca] ca] ca] ea] 6pkrabeat tatealpal sakdn@ iAUSt" @ulsksgrivdyYU1Ea] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca] ca! kne RABERYES, €hé outlet port of the rear stage stream-
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passageways 115 and 116 are opened, are alternately
brought about repeatedly. Because of the repetition,
the resist solution and the thinner are combined within
the outlet passageway 119 of the stream-combihing.Valve
5 75a, and the combined stream is forwarded intp the
first static mixer 76a so as to form a primary mixed
resist solution.
As shown in FIGS. 9A to 9C, the controller 131
also permits‘the operation of the rear stage stream-

10 combining valve 75b to be repeated. To be more
specific, the condition shown in FIG. 9A, in which the
inlet passageways 115 and 116 are closed, the condition
shown in FIG. 9B, in which the inlét passageways- 115
and 116 are both opened, and the condition shown in.

15 FIG. 9C, in which the inlet passageway 115 alone is
opened, with the other inlet passageway 116 kept closed,
ére alternately brought about repeatedly. Beéause of
the repetition, the primary mixed resist solution and
the thinner are combined within the outlet passageway

20 119 of the stream-combining valve 75b, and the combined
stream is forwarded into the second static mixer 76b so
as to forma final mixed resist solution.

FIGS. 10A to 10G are timing charts showing the
operating timings of the members of the resist coating-

25 developing apparatus of the present invention.

Specifically, FIG. 10A shows the operation of the

bellows pump 73 for the resist solution. FIG. 10B
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thinner. FIG. 10C shows the operation of the bellows °
pump 74b for the thinner. FIG. 10D shows the
operations of the first and second valves 113a, 1l4a
5 included in the front stage stream-combining valve 75a.
FIG. 10E shows the operation of the first val&e 113b
included in the rear stage stream-combining valve 75b.
FIG. 10F shows the operation of the second valve 114b
included in the rear stage stream-combining valve 75b.
10 As shown in FIGS. 10A and 10B, the bellows
pump 73 and the first bellows pump 74a are started
up simultaneously at time tl and are stopped
simultaneously at time t7. As a result, a resist
solution and a thinner are supplied from these pumps 73
15. and 74a toward the front stage stream—combihing
valve 75a. On the other hand, the second bellows
pump 74b is started up at time tl and is stopﬁed-at
time t5, as shown in FIG. 10C. As a result, a thinner
is supplied from the pump 74b toward the rear stage
20 stream—combining valve 75b. It should be noted that
the time period between the times tl and t7 is about 5
seconds. Also, the time period between the times tl
and t5 is about 2 seconds.

As shown in FIG. 10D, the first and second valve

25 bodies 113a, 1l4a included in the front stage stream-

combining valve 75a are opened simulténeousiy-at time

t4 about 20 microseconds (ms) after the time tl and are
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closed at time t10 about 20 microseconds (ms) after the
time t7. It follows that the inlet passageways 115 and
116 included in the front stage stream-combining valve
75a are opened and closed simultaneously. It .should be
5 noted that the front stage stream-combining valve 75a
is opened at time t4 slightly after the start-up time
tl of the pumps 73, 74a so as to prevent the residual
liquid material in the previous cycle from flowing
backward into the pumps 73 and 74a. Incidentally,
10 the time period between the times t4 and t10 is about
5 seconds.

As shown in FIGS. 10E and 10F, the first and
second valve bodies 113b, 114b included in thé rear
stage stream-combining valve 75b are opened at time t3

15‘ slightly, i.e., less than 20 microseconds, after tiﬁe
tl and, then, closed at time t6 slightly, i.e., less
than 20 microseconds, after time t5. The period of
time between the times t3 and t6 is about 2 séconds.
On the other hand, the first valve body 113b is closed

.20 at time t9 slightly, i.e., less than 20 microseconds,
earlier than time t10. The time period between the
times t3 and tl10 is about 5 seconds.

Further, as shown in FIG. 10G, the final valve 77
is opened at time t2 intermediate between the fimes t1

25 and t4 and is closed at time t8 intermediate between
the times t7 and t10. Since the final valve 77 is

opened slightly before the opening of the valve bodies
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the resist solution and the thinner are allowed to flow
smoothly into the circuit 88a so as to achieve a
sufficient mixing of these two streams within the
5 static mixer 76b. |
It should be noted that the controller 131
permits the inlet passagewéy 115 of the rear stage
stream-combining valve 75b to be opened or closed in
synchronism with the front stage stream-combining valve
10 75a aﬁd also permits the inlet passageway 116 of the
rear stage stream-combining valve 75b to be opened or
closed in synchronism with the discharging-sucking
operations perﬁormed by the second bellows pump 74Db.
The second bellows pump 74b is controlled so as to be
15 turned on (discharging state) duriné the initial
several seconds during the resist supply peribd such
that the thinner stream passageway 116 of the rear
stage stream~-combining valve 75b is opened only during
the initial several seconds noted above. As a result,
20 the resist-thinner primary mixed stream is combined
| with a thinner stream and the combined streams are
mixed within the static mixer 76b.
FIGS. 4, 11, 12A and 12B collectively show
in detail the constructions of the two static mixers
25 76a, 76b. As shown in FIG. 11, each of the static
mixers 76a and 76b includes a stainless steel pipe 176

and a large number of baffle plates 117a and 117b,-
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e.g., 74 baffle plates 117a and 117b. Each of these
baffle plates 117a and 117b is prepared by twisting
a square plate rightward or leftward by 90°.
Specifically, the baffle plate 117a shown in FIG. 12A
5 is twisted leftward. On the other hand, the baffle
plate 117b shown in FIG. 12B is twisted rightward.
The baffle plates 117a twisted leftward and the baffle
plates 117b twisted rightward are alternately arranged
at a high density within the stainless steel pipe 176.
10 These'baffle plates 117a and 117b make it possible to
stir the mixture of the resist solution and the thinner
with a high efficiency.
It should be noted that the stainless steel
pipe 176 should desirably have an inner diameter d3
15' falling within a range of between, for example, 2 mm
and 8 mm. If the inner diameter d3 of the stainless
steel pipe 176 is smaller than the lower limit of 2 mm,
the stainless steel pipe 176 tends to be plugéed.
On the other hand, if the inner diameter d3 of the
20 stainless steel pipe 176 is larger than the upper
| limit of 8 mm, the amount of the waste liquid to be
discharged is increased when the viscosity and kind of
the resist solution is changed, leading to a low
utilization efficiency of the resist solution and the
25 thinner.
In each of the static mixers 76a and.76b, a

corrosion resistant film such as a tetrafluoro-ethylene
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film, or a film formed by a Turframe process or an
anodic. oxidation is formed to cover the surfaces
which are brought into contact with the resist~thinner
5 mixed liquid such as the inner wall of the stainless
steel pipe 176 and the surfaces of the baffle plates
117a, 117b. The components of the static mixérs 76a,
76b are generally formed of stainless steel. However,
it is also possible to use other materials such as
10 aluminum, an aluminum alloy, titanium, a titanium
alloy, a nickel alloy, a nickel-chromium alloy or a
nickel~chromium-cobalt alloy for forming the components
of the static mixers 76a and 76b. Further, in addition
to the metallic materials exemplified above, it is also
15 possible to use resins such as polytetrafluoro-ethylene
| resin (PTFE) or a polypropylene resin (PP) for forming
the components of the static mixers 76a, 76b.
As shown in FIG. 4, the front stage static mixer
76a is inclined by an angle arelative to the horizontal
20 plane such that the downstream side of the mixer 76a is
positioned higher than the upstream side. Since the
downstream side is positioned higher than the upstream
side, the air is likely to be moved easily toward the
downstream side of the front stage static mixer 76a and,
25 thus, is released easily to the outside th;ough the
nozzle 86.

It is desirable for the inclination angle o of



1090VE ()- 109VE ()- Z109%VE ()- nLO%VE ()- 1O09%VE ()- 3 UG
109 () - #9Y9a999: : dEDC 10! ~ %109V () - Oy#F" 109 ()- " 109 (- &G 2004
MLOYAVE, (%- “1098VE ()- MLOYVE ()-:::/:b;::dEbC 10! s6#10%E& ()- 5YL0%VE ()-
&310%& ()- 31 1098 ()- S/ 1098 ()-s - 1098 ()-;; < <<<<<<hC 10!

S109& ()-'y 10%&' ()-yl0%& ()-F 10M 10M 10M : f 10088 () -

8YL0%VE! () - <&<\ <<<<=dEbC 10! #10%&' ()- L20%&5()- | 109& ()- y1l0%& ()-
MLOY&' ()- % 109%& ()- =; =L={ ===>dEbC 10! | Y109%& ()- ! 109%& ()-4 109%& () -
f10%&' ()- 10%&' ()- 10%&' ()->5>| >>>?4?dEbC

the front stage static mixer 76a to be at least 20°.
If the angle « is 20° or more, the air does not stay
within the static mixer 76a. Incidentally, since a
large number of the baffle plates 117a, 117b obstruct
5 the movement of the air toward the downstream_side"
within the front stage static mixer 76a, the air
bubbles tend to stay within the static mixer 76a.
If the air bubbles stay within the static mixer 76a,
the stirring efficiency of the resist solution-thinner
10 mixture is lowered within the static mixer 76a.
Incidentally, the length L1 of the front stage static
mixer 76a is determined by the inner diameter d3 of the .
stainless steel pipe 176 and the supply amount of the
resist solution for a single coating operatioﬁ. To be
15 more specific, the length L1 is determined'to pernit
the inner volume of the static mixer 76a to be largé
enough to house the resist-thinner mixed liquid uséd in
at least a single coating operation. For example, the
length L1 is determined to permit the static hixer to
20 have an inner volume of about 5 cc.

As shown in FIG. 4, the rear stage static mixer
v76b is arranged immediately downstream of the final
valve 77. It is not absolutely necessary for the rear
stage static mixer 76b to be inclined. 1In the

25 embodiment shown in the drawing, the rear stagé static
mixer 76b is disposed substantially horizontal. As

apparent from the drawing, the length L2 of. the rear
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the front stage static mixer 76a. For example, it is
desirable for the length L2 to be about 1/10 to 1/2 of
the length L1 of the front stage static mixer 76a. The

5 length L2 of the rear stage static mixer need not be
unduly large because only a small amount, e.g., 1 cc,
of a resist solution of a low concentration is supplied
first toward the wafer W.

The final valve 77 is arranged immediately

10 downstream of the nozzle 86, as shown in FIG. 4. Like
the stream-combining valves 75a, 75b, the final valve
77 is constructed to open or close the passageway of
the resist-thinner mixed liquid by the movement of a
valve body caused by an air cylinder.

15‘ FIG. 13 shows the operation of the controller 131.
Specifically, the controller 131 is constructed to |
control a main air valve 132, and three air flow
control sections 133, 134a and 134b on the basis of the
detection signals supplied from the light receiving

20 sections 109 and 136 tow sensors. The main air valve
132 consists of an electromagnetic valve communicating
with an air supply source 121. The first air flow rate
control section 133 serves to control the cylinder 107
of the bellows pump 73 for the resist solution.

25 Further, the second air flow rate control section 134a
serves to control the cylinder 107. Furthér, the third

air flow rate control section 134b serves to gontrol.
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The main air valve 132 communicates with each of
five air cylinders 118, 1llla, 11l1lb, 112a and 112b.

5 Incidentally, the air cylinder 118 serves to open or
close a valve body (not shown) of the final valve 77.

The controller 131 supplies a control signal to
each of the three air flow rate control sections 133,
134a and 134b in accordance with the initially set data

10 supplied by an operator to the controller 131. As a
result, it is poséible to control the liquid discharge
amount per unit time from each of the bellows pumps 73,
74a, and 74b. Since the liquid discharge amount per
unit time from each of the bellows pumps 73, 74a, and

15' 74b is controlled in this fashion, it is péssible to
set as desired the mixing ratio of the resist‘solution
to the thinner (or to control the resist concentration
of the mixed liquid), with the result that the
viscosity of the resist solution can be cdntrélled at a

20 desired target value.

It should also be noted that the output signals of
the light sensors 109, 136 serving to detect the end
point of the discharge step of each of the bellows
pumps 73, 74a, 74b are supplied to the controller 131.

25 Based on the detection signal supplied first from one

of these light sensors 109, 136, the controller 131

permits the main air valve 132 to the closed, and also
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and 118 of the final valve 77, and the bellows pumps 73,

74a, 74b to be turned off.
It should be noted that a subtle gap in the timing
5 is provided in the on-off operations of the stream-
combining valves 75a, 75b, the final valve 77; and the
bellows pumps 73, 74a, 74b. The particular gap in the
timing can be controlled as desired by changing the
lengths of the air supply pipes connected between the
10 main air valve 132 and the individual air cylinders 107,
llla,‘112a, 111b, 112b, 118. As described previously,
if the time t4 is earlier than the time tl, the
residual liquid for the previous cycle tends to flow
backward into the front stage stream-combining
15A valve 75a. To prevent the difficulty, the front stage
stream-combining valve 75a is opened 20 microseconds
after the start-up time tl in the compression.step‘
(or folding step) of each of the bellows pumps 73,
74a, 74b. Also, when each of these bellows pumps 73,
20 74a and 74b is in the elongation step, the final |
valve 77 is closed earlier than the front stage stream-
combihing valve 75a. In other words, the time t8 is
set earlier than the time tl0 so as to prevent the
resist solution from being dripped from the nozzle 86

25 onto the wafer W.
The resist coating apparatus of the present

invention constructed as described above is operated as
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viscosity of a resist solution which is to be supplied
to the wafer W. The viscosity thus set conforms with a

5 corresponding table between the viscosity of the resist
solution at the process temperature and the-stroke‘
velocity (i.e., the discharge amount per unit time) of
each of the bellows pumps 73, 74a and 74b. The supply
amount of the resist-thinner mixed liquid for each

10 cycle is determined by using a position detecting
information given from the sensors 108, 109, 137
and 136. For example, 0.5 cc of a thinner is added to
and mixed with the first 1 cc of the resist solution
spurted from the nozzle 86. 1In this fashion, it is

15 possible to decrease the amount of the resist solution
used for a single cycle.

Upon receipt of the set data on the viscosity of
the resist solution supplied from the operator, the
controller 131 reads out from the correspondihg table

20 the data on the stroke velocity of each of the
corresponding bellows 73, 74a and 74b so as to supply
control signals corresponding to the desired stroke
velocity to the three air flow rate control mechanisms
133, 134a and 134b serving to control the driving of

25 the bellows pumps 73, 74a and 74b, respectively. As a
result, the stroke velocity, i.e., the disqharge amount

per unit time, is set for each of the bellows pumps 73,
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After completion of the setting described above,
the controller 131 opens the main air valve 132. If
the main air valve 132 is opened, air is supplied to

5 each of the air cylinders 107, 1llla, 112a, 11l1lb, 112Db,
and 118 of the bellows pumps 73, 74a and 745.' As a
result, each of these bellows pumps 73, 74a and 74b is
folded to compress the air housed therein. Af the same
time, each of the stream combining valves 75a, 75b and

10 the final valve 77 is opened. When these valves are
opened, the resist solution and the thinner sucked into
the bellows pumps 73, 74a from the resist tank 71 and
the thinner tank 72 are combined within the front stage
stream-combining valve 75a and, then, the combined

15‘ stream is stirred and mixed within the first static
mixer 76a so as to prepare the primary mixed liquid
material. Further, the primary mixed liquid material
is dombined with a second thinner within the rear stage'
st;eam—combining valve 75b and, then, the combined

20 stream is stirred and mixed within the second static
mixer 76b so as to prepare a final mixed liguid
material.

When any of the bellows pumps 73, 74a, 74b
reaches the end point of the discharge step, the

25 position detecting signals generated from the sensors
108, 109, 137, 136 are supplied to the con;roller 131

so as to close the main air valve 132, The discharge
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74a, 74b is finished by closing the main air valve 132.
Then, the folding pipe 102 is elastically elongated so
as to suck the resist solution and the thiﬁner. Also,

5 each of the stream combiniﬁg—valves 75a, 75b gnd the
final valve 77 is closed substantially simultaneouély
with the change into the sucking step of the folding
pipe 102 so as to finish supply of the resist:solution
onto the wafer W.

10 In the coating apparatus of the embodiment
described above, a resist solution of a desired
viscosity is prepared by mixing a resist solution and a
thinner; and the resultant mixed liquid material is
supplied onto the wafer surface. It follows that a

15' resist solution of a desired viscosity can be supplied
onto the wafer surface by using a single :esist
solution tank and a single thinner tank. It folloWs
that it is possible to meet easily and promptly the
requirement for a change in a thickness of the resist

20 film which is to be formed on a wafer surface. Of
course, it is also possible to cope easily with a
change in a thickness of the resist film caused by the
daily differences in the environmental conditions.

The solid components contained in the resist

25 solution affect the thickness itself and uniformity in

the thickness of the resist film. Specifically,

FIG. 15 is a graph showing the relationship between-
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the solid content of the resist solution and the
thickness of the resist film fo:med on a wafer. 1In
this experiment, the liquid material spurted from the
nozzle is partly replaced by a solid material (cc). 1In
5 the graph of FIG. 15, the amount of the solid material
replacement is plotted on the abscissa, with the resist
film thickness (nm) being plotted on the ordinate.
Naturally, the resist film is not formed in the case
where the amount of the sdlid material replacement iQ
10 zero, as apparent from FIG. 15. The target ratio of
| the solid component to the entire liquid was set at 23%.
As apparent from the graph, the thickness of the resist
film was stabilized at 1601.6 nm where the amount of
the solid material replacement was 80 cc or more. The
15 flow rates of the first resist solution and the first
and second solvents were controlled to permit the final
mixed'liquid material to have a viscosity of about
17 cp.
FIG. 16 is a graph showing the relationship
20 between the solid content of the resist solution and
the nonuniformity in the thickness of the resist film
formed on a wafer. The amount of replacement of the
solid component (cc) is plotted on the abscissa of the
graph, with the nonuniformity (nm) of the resist film
25 being plotted on the ordinate. The experiment was

conducted under the conditions equal to those for the

experiment relating to FIG. 15. As apparent from the
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10! y10%@x () - film is less than 4 nm where the amount of replacement

of the solid component is 80 cc or more, éupporting

that a resist film of a uniform thickness can be formed
5 on a wafer.

Where the viscosity of the resist solution is
changed in accordance with the requirement fof a change
in the thickness of the resist film to be formed on the
wafer surface, all the resist solution used before the

10 change in the viscosity of the resist solution and
remaining within the piping of the resist supply
circuit is discharged to the outside in the embodiment
described above. The residual resist solution is
discharged to the outside, for example, as follows.

15 Specifically, the resist nozzle 86 is moved first to a
waiting position. Then, a resist solution ‘and a
thinner are continuously supplied to the system under
the discharge conditions of the bellows pumps‘73, 74a,
74b set after the change in the viscosity of the resist

20 solution. These resist solution and thinner are
continuously supplied in amounts larger than the
capacity of the piping system downstream of the bellows
pumps'73, 74a, 74b so as to push out all the residual |
ligquid material remaining within the piping system

25 arranged downstream of the bellows 73, 74a, 74b through

the resist nozzle 86. As a result, the residual resist

solution having a viscosity different from the desired
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solution having a desired viscosity even onto the
wafer W which iS'processea first after the change in
5 the target value of the thickness of the resist film.
It follows that it is possible to form a resist film of
a desired thickness on the surface of every wafer W.
As described above, the embodiment described above
is featured in that, in forming a resist coating film

10 on the surface of a wafer W, a resist-thinner mixed
liquid material containing a relatively large amount of
the thinner is supplied first to the wafer W, followed
by supplying a resist-thinner mixed liquid material
having a high resist concentration to the wafer W.

15‘ What should be noted is that the entire surface of the
wafer W is sufficiently wetted first with the resist-
thinner mixed liquid material containing a large amount
of the thinner. Then, the resist-thinner mixed liquid
material having a high resist concentration, whicﬁ is

20 supplied in the subsequent step, is aliowed té spread
uniformly over the entire region of the wet substrate
surface, making it possible to form a uniform resist
film of a desired thickness over the entire surface
region of the substrate.

25 What should also be noted is that, in this
embodiment, the wet state of the wafer surface can be

controlled in accordance with, for example, the size of
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added to the resist-thinner mixed liquid material,
making it possible to carry out the resist coating
operation under a broader range of the conditions.

5 Further, a thinner is further added to a primary
resist-thinner mixed liquid material immediatély
before discharge of the mixed liquid materiél'from.the
nozzle 86. It follows that the mixed liquid material
having a low resist concentration can be supplied onto

10 the wafer surface before the resist solution and the
thinner are separated from each other. Naturally, the
resist solution is allowed to rapidly spread over the
entire surfacé region of the wafer, making it possible
to form a thin resist film uniformly.

15 FIG. 14 shows a coating apparatus according to a
second embodiment of the present invention. Those
portions of the second embodiment which are common with
the first embodiment are omitted in the following
description.

20 The coating apparatus of the second embodiment
comprises n-number of resist tanks 711 to 71ln housing
resist solutions differing from each other in
composition., First resist solution Rl to n-th resist
solution Rn differing from each other in composition

25 are housed in these resist tanks 711 to 72n,
respectively. These first to n-th resist solutions R

to Rn include, for example, a phenolic novolak resin
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' resist, a chemical amplification type resist, etc.

whose concentration and viscosity are adjusted
appropriately. Also, bellows pumps 731 to 73n are
mounted to the resist supply circuits connecte@ to the
5 resist tanks 711 to 71n, respectively. The coating
apparatus further comprises two thinner tanks 72a
and 72b. To bé more specific, a thinner supply cireuit
78b for the thinner tank 72a is combined within a first
stream~combining valve 751 with each of the resist
10 supply circuits 781 to 78n. Incidentally, the
apparatus of the second embodiment is equal to that of
the first embodiment in the circuit construction
downstream of the first stream-combining valve 751.
In each of the embodiments described above, a
15 semiconductor wafer is coated with a resist solution.
However, the technical idea of the present inQention
can also be employed in coating, for exampie, an LCD
substrate with a resist solution. Also, a phqtoresist
solution alone is used as a coating material in eaéh
20 of the embodiments described above. However,: the
technical idea of the present invention can aiso be
employed for forming, for example, a protective film by
using a polyimide resin solution as a coating material.
Further, the technical idea of the present invention is
25 employed in a coating apparatus equipped with a spin
chuck (spin coater) in each of the embodiments

described above. However, the technical idea 6f the
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present invention can also be employed in a slit coater
disclosed in, for example, U.S. Patent Application
No. 08/914,819 filed on August 20, 1997.

As described above in detail, the present
invention is feétured in that a resist solﬁtion having
a low concentration (final mixed liquid maﬁerial) is
supplied first onto a substrate surface, followed by
supplying a resist solution having a high concentration
(primary mixed liquid material) onto the substrate
surface, with the result that the resist soluﬁion
having a high concentration (primary mixed liquid
material) is allowed to spread rapidly over the entire
surface region of the substrate. It follows that it is
possible to form a thin resist film uniformly on the
substrate surface.

What should also be noted is that a resiét
solution having a low concentration (finallmixed liquid
material) is prepared immediately before supp;y of the
mixed liquid material onto the substrate surface. lAs a
result, even if the mixed liquid material consists of
incompatible materials such as a resist solution and a
thinner, these incompatible materials are sufficiently
kept mixed physically when supplied onto the substrate '
surface. Further, the amount of the solvent relative
to the primary mixed liquid material having a high
resist concentration can be controlled appropriately

depending on, for example, the size of the snbstrate,
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1. A spin-coating method, comprising the steps of:

5  (a) holding a substrate to be processed such that the surface to be processed of the

substrate is kept substantially horizontal;

(b) adding a solvent to an initial process solution which already contains a solvent and
stirring the resultant mixture so as to prepare a primary mixed liquid material having a

10 process solution concentration lower than that of the initial process solution;

(¢) adding an additional solvent to said primary mixed liquid material immediately
before supply of the solution to the substrate so as to prepare a final mixed liquid
material having a process solution concentration lower than that of the primary mixed

15 liquid material;

(d) supplying first said final mixed liquid material to a surface to be processed of the

substrate; and, then,

20 (e) supplying the primary mixed liquid material to the surface to be processed of the

substrate,

wherein said substrate is rotated about an axis perpendicular to a surface to be processed

of said substrate in each of said steps (d) and (e).
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2. The coating method according to claim 1, wherein, where the viscosity of at least one

of said primary mixed liquid material and said final mixed liquid material is changed in

accordance with request for change in the thickness of the liquid film, all the liquid

5  material present in the liquid supply circuit starting from a first stream-combining valve

and reaching a nozzle is discharged after said step (e).

3. The coating method according to claim 1, wherein a target value and an allowable
range of at least one of the viscosity of the primary mixed liquid material and the solid
10  component content of the initial process solution are set in said step (b), and the supply
amount per unit time of said initial process solution and the supply amount per unit time
of said solvent are controlled independently to allow at least one of the viscosity of the
primary mixed liquid material and the solid component of the initial process solution
supplied in said step (e) to fall within an allowable range of said target value.
15
4. The coating method according to claim 3, wherein a target value of the solid

component content of said initial process solution is 80 cc.

5. The coating method according to claim 3, wherein a target value of the viscosity of

20  said primary mixed liquid material is 17 centipoise.

6. The coating method according to claim 1, wherein a target ratio of the solid
component content relative to the total amount of the liquid material discharged and

supplied from said nozzle is set at 23% by volume in said step (c).
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7. A method of coating a substrate with a resist solution, comprising the steps of:

(A) preparing a resist stock solution supply source housing a resist stock solution

5  containing a predetermined amount of a solvent, first and second solvent supply sources
each housing a solvent, a first stream-combining valve communicating with each of the
first solvent supply source and the resist stock solution supply source, a first pump for
supplying the resist stock solution from the resist stock solution supply source toward
the first stream-combining valve, a second pump for supplying the solvent from the first

10 solvent supply source toward the first stream-combining valve, a first mixer arranged

downstream of the first stream-combining valve, a second stream-combining valve
afranged downstream of the first mixer, a third pump for supplying the solvent from the
second solvent supply source toward the second stream-combining valve, a second
mixer atranged downstream of the second stream-combining valve, and a nozzle

15  arranged downstream of the second mixer;

(B) operating said first pump to supply the resist stock solution toward said first stream-

combining valve and, at the same time, operating said second pump to supply the

solvent toward the first stream-combining valve, thereby allowing the first mixer to mix
20  the resist stock solution coming out of the first stream-combining valve with the solvent

to prepare a primary mixed liquid material;

(C) supplying said primary mixed liquid material toward said second stream-combining

valve and, at the same time, operating said third pump to supply the solvent toward the
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solvent to prepare a final mixed liquid material;

5 (D) holding the substrate to be processed substantially horizontal, allowing said nozzle
to face the substrate, and supplying the final mixed liquid material toward the substrate;

and

(E) supplying the primary mixed liquid material from the nozzle toward the substrate

10  after said step (D).

; 8. The coating method according to claim 7, wherein a resist stock solution inlet port
and a solvent inlet port of said first stream-combining valve are opened simultaneously

at time t4, which is 20.+-.2 microseconds (ms) after start-up time t1 of said first pump,

15  insaid step (B).

9. The coating method according to claim 7, wherein a resist stock solution inlet port
and a solvent inlet port of said first stream-combining valve are closed simultaneously
at time t10, which is 20.+-.2 microseconds (ms) after time t7 at which said first pump is

20  stopped, in said step (C).

10. The coating method according to claim 7, wherein, where the viscosity of at least
one of the primary mixed liquid material and the final mixed liquid material is changed

in accordance with request for change in the thickness of the resist film, all the liquid
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5 range of at least one of the viscosity of the primary mixed liquid material and the solid
component content of the resist stock solution are set in said step (B), and the supply
amount per unit time of said resist stock solution and the supply amount per unit time of
said solvent are controlled independently to allow at least one of the viscosity of the
primary mixed liquid material and the solid component content of the resist stock

10 solution supplied in said step (E) to fall within an allowable range of said target value.

12. The coating method according to claim 11, wherein a target value of the solid

component content of said initial process solution is 80 cc.

15 13. The coating method according to claim 11, wherein a target value of the viscosity of

said primary mixed liquid material is 17 centipoise.

14. The coating method according to claim 7, wherein a target ratio of the solid
component content relative to the total amount of the liquid material discharged and

20  supplied from said nozzle is set at 23% by volume in said step (C).

15. The coating method according to claim 7, wherein said first and second mixers are
static mixers arranged in series in a fluid passageway and each having a plurality of

baffle plates.
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5  17. The coating method according to claim 7, wherein the downstream edge portion of

said first mixer is positioned higher than the upstream edge portion.



