;e3ej d6Tt 6 JUL 2002 METHOD AND APPARATUS FOR COATI NG A FI LM ON AN ©BIUECT02
sBElI NG* PROCESSED BACKGROUND OF THE | NVENTI ON 5 The present invention rel ates

»to a nethod of coating a filmon an object such as a seniconducqmmm"mmﬂmmﬂmm
an LCD substrate, an apparatus for coating a filmon such an obj

apparatus for counting particles existifqag in the coating liquid. 10 .dene
manuf acture of a sem conductor device, a circuit pattern is forned by neans

Coat i ng & photoresi 5t on & st conduct or vt ot - exposi ng. t e pholtUMIGHTN

light by using a 15 phot omask, &@R#LBe0El BHEd INNENFHONor esi st t hus expgsed

to light. In the photoresist-coating step, the resist liquid is applied on
to the center EEWEOBfANHeABBNE%UgPBr CRATENGE PomIdMh &2 1PN I%%ﬁfg’ﬂ above

the wafer, while the 20 wafer held on a spin chuck is spinning at high

speed. The resPBINGi BRPEESRES applied spread by virtue of the centrifugal

force the wafer exerts while spinmdﬁh As a result, a resist filmhaving an
D (@F SIH

uni form t hi ckness is formed GfGHRER E aHAVBNTIOR seni conduct or
waf er . Zg The senic&gductor fer mﬁ;h t he Eesist filmcoated on it is
subj ected to heat tre8tRERESPE| §AVEBLHO8uFEL2EETetGpRefte éching. A
circuit pattern 16 JUG 2902 V-2 _1s %heregy formed aon the sem conduct or
wafer. The cirCORFLPEt FefhiMa§ ndP BRIGCEeSHFEd2GnE FRMHTONANGRT i m
cont ai ns particlgsr Tg for @ regigtaéiIn1cogtaingn%sa%ote%d%ylicle 5 as
possible, a filB&rsig i%?e£% sB8BPBEFREEn PRe2RBZ2AS ing a
film on such an object, and an apparatus for counting
particles existing in the coating liquid.

10 In the manufacture of a semiconductor device, a
circuit pattern is formed by means of so-called
photolithography. The photolithography comprises the
steps of: coating a photoresist on a semiconductor
wafer, exposing the photoresist to light by using a

15 photomask, and developed the photoresist thus exposed
to light.

In the photoresist-coating step, the resist liquid
is applied on to the center part of the semiconductor
wafer from a nozzle located above the wafer, while the

20 wafer held on a spin chuck is spinning at high speed.

The resist liquid thus applied spread by virtue of the
centrifugal force the wafer exerts while spinning. As
a result, a resist film having an uniform thickness is
formed on the entire surface of the semiconductor wafer.
25 The semiconductor wafer with the resist film

coated on it is subjected to heat treatment, light-

exposure, development and etching. A circuit pattern



and the resist liquid source to filter out particles fromthe resist46 JuL 2002
liquid. The efficiency of the filter gradually decrease with tinme. Hence,
vthe filter may fail to filter out particles after a long use. Unless 10 the
filter is replaced with a new one, many particles will remain in the resist
liquid. To decide whether or not the filktep should be replaced with a new
one, it is necessary to determ ne how nuch the efficiency of the filter has
decreased. 15 To this end it is required that the particles in the resist

| i quid be counted before the liquid is applied to sem conductor wafers. It

i s proposed thaf tRerphyt feraedo@it dthe EamaUIdgtPmwafeni e Bt used to
count the particles. in the resist liquid. 20 Here arises, a problem The
conventional pBiEFEEE BBGREENs MaYe “(?gsik&hé’d de5 iggshioark§ cthe B&F53Fng in

| ow viscosity Liquids such as pur.e water and hydrofluoric acid, not to
count particlegl?ﬂ 5°ﬁ§3ﬁ9§i§85§FFQQ§'quid such as resist |iquid which has
viscosity of 25 sev$ral cP to_several_ .hundred cP.. If a convention

particle counter is Bl 4858 BeffiSdttt e MbAANF & N % i € POt waf er
esi st 17 qui d ABoPTEAPISM Fre NGER d° (SRR kb ke Lo
oner el of e R faliSelh B0 s SO G M) R L pbpr are
ngsjin't fhé: E fg L”E?—’ S’i‘?gﬁgﬁ]gg?%gﬁcﬁ?éﬁﬁa@r : ;r?}”%i?r%%?i?o“fk%if??@?g %P%%ﬁiggr
devices. In th?gsﬁgggg ege?E%%Fg§F§$§1fﬁ§?H must be ggﬁ%|€%P§§ﬁ3ﬁ§£np|es

must be suppl i ed;§0¢bhe;pREl B:u% Wi res S A P TGl IUKS, Mighdddre and

| abor. The conventional particle Counter cannot be used to count particles

in the ygsist Lhguiditber ;anebbahckd KAAIPE rdw Y, Sy Ipdahtidesgn such
as a laser beam to a liquid to count particles existingin the |Iiquid.

Wien the convegii@nabmBaht ial @ heowsarstappldad.a | ight beamto the resist
liquid, the resist liquid emts light. This makes it difficult for the
counter to To decide whether or not the filter should be
replaced with a new one, it is necessary to determine
how much the efficiency of the filter has decreased.

15 To this end it is required that the particles in the
resist liquid be counted before the liquid is applied
to semiconductor wafers. It is proposed that the
particle counters commercially available be used to
count the particles in the resist liquid.

20 Here arises a problem. The conventional particle
counters are designed to count particles existing in
low-viscosity liquids such as pure water and hydroflu-
oric acid, not to count particles in a high-viscosity
liquid such as resist liquid which has viscosity of

25 several cP to several hundred cP. 1If a conventional

particle counter is placed between the nozzle and the

semiconductor wafer and used for a long time to count



20~count particles in the resist liquid with a suffi ciently high acqygagy. 2

BRI EF SUMMARY OF THE | NVENTI ON The first object of the invention is to
~provide a nmethod of coating a filmon a substrate, in which 25 before a

coating liquid (e.g., aresist liquid) is applied to the substrate froma

| i qui d- appl yi ng nenber such as nozzle, Tt 3 s -det er ni ned whet her the coating

16 JUL 2002 - 4 |liquid contains inpurities (e.g., particles) in an anount

so large as to Iomer the yi el d of products to be nade by using the film

i chpor for nE A THA D AR SN %%Qt@sﬁéﬁla%ﬁig bR PBR MR eet o
this inventionig 1{?% psrtovl &PP& tes LRE, 9RLENa R f L @

substrate, in e pa 1 ¢l 5 Th he coa |qU| used “can be 10

count ed 11 1 e £SSIU Do FNAS 0L i gbT eCkof LN PEEREThLEAVSILI o 1 5

to provide an ppara us or counting t € par eln suc a coating |iquid,

inin-line fashion. o fid %&a&?a&; paiEL Notl designer. {orALLaL bhechliTst

object is a net of coating a on a substrate by applying a coaﬂ

liquid 5o the $\bstyichd i e ﬁiérééuﬂ@éﬂé&’x‘i‘noghﬁe”ﬁkgad RORY | ses

t he steps of : applying the coat quid at a second position (generally
known as " dumpy _dii$RensdHi dPSds ZPsténQ;B oy o0& 05 ecSRPRE YhAFt L REegOatl i Ng

liquid at the first
existing in pure water or hydrofluoric acid.
The counter must therefore be located outside the
line of manufacturing semiconductor devices. 1In this
10 case, the resist liquid must be sampled, and samples
must be supplied to the particle counter. This also
requires much time and labor.
The conventional particle counter cannot be used
to count particles in the resist liquid, for another
15 reason. It applies a light beam, such as a laser beam,
to a liquid to count particles existing in the liquid,
When the conventional particle counter applies a light
beam to the resist liquid, the resist liquid emits
light. This makes it difficult for the counter to
20 count particles in the resist liquid with a suffi-
ciently high accuracy.
BRIEF SUMMARY OF THE INVENTION
The first object of the invention is to provide a
method of coating a film on a substrate, in which
25 before a coating liquid (e.g., a resist liquid) is
applied to the substrate from a liquid-applying member

such as nozzle, it is determined whether the coating



position; and detecting inpurities contained in the coating liquid abflJud 2002
-at the second position. In nost cases, the first position is above the

center of the substrate. It suffices to set the second 25 position away
fromthe first position. Preferably, the second position should be set in

an area not above the ' substrate, sothat the coating liquid applied at

t he 6 JUL 2002 - 5 second position may not be applied to the substrate.
To detect inpurities, if any, contained in the liquid applied at the second

position, thaljdd ¢Jmmailies calperiefesapd, 8. deyhceis agpagharticle
counter may SJﬁ% used tgndetectﬁthe ?ﬁ%upitges ngtﬁqugplggtg liquid. As

descri bed ab@yRurith&aadidld 44 b ) bgeAPPhéCPial 4t B ogid I
before it is ap& i ed at tﬁggfirst p%si%ion, aﬂé tﬁe ?n%ggggggg ?%ﬂﬁ%?ned in

the 10 |iqui ghadeplbyedidithd Renseeond. position are detected. Hence, before
applying the coating liquid to the substrate it can be determ ned whet her

too many particl egpXisdcdrd t&wjé@@twg;héqgkgseﬁ!aeih_vaw’tiibhea_sﬁ% be
detected inmmediately before the liquid is 15 applied in the first position,

at regglar i pirervaes arOfapptSfatdd Whide péHBbEns StABPKL SR -2oRaTHy | bed
nunber of substrates. A second coating nmethod designed to attain the first

object is a method adfeseaalbad) abdvéd m on a 20 substrate by applying a
coating liquid to the substrate |ocated at a first position, fromone of a

plurality of |iquiTtheappliichebrdierst dhis pevéeticAnei ses phe isteeps of :
sel ecting one of the |iquid-applying nenbers; applying the coating |iquid
fromthe sel ant egpparqutiud Fomappat ingg nenbelmadbn aaseabatdrpesit ian before
applying the coating liquid at the first position; and detecting inpurities
cont ai ned i nwhiehcddue pprdticqiies appltleel avating liquid used can be
10 counted in in-line fashion.
The fourth object of the present invention is to
provide an apparatus for counting the particle in such
a coating liquid, in in-line fashion.
A first coating method designed to attain the
15 first object is a method of coating a film on a
substrate by applying a coating liquid to the substrate
located at a first position. The method comprises the
steps of: applying the coating liquid at a second
position (generally known as "dummy dispensing posi-
20 tion") before applying the coating liquid at the first
position; and detecting impurities contained in the
coating liquid applied at the second position.
In most cases, the first position is above the
center of the substrate. It suffices to set the second
25 position away from the first position. Preferably, the

second position should be set in an area not above the

substrate, so that the coating liquid applied at the



~ s uu~ ~t~2 - 6 the second position; and noving the selected 16 JUL 2002
I i qui dappl ying nmenber to the first position and applying the coating liquid
fromthe selected |iquid-applying nenber to the substrate, only when the
inmpurities are con 5 tained in the liquid in an anount |ess than a

reference value. Since a plurality of |irqudd-applying menbers are used in
the second nethod, any desired one can be selected and used to apply the
coating liquid to the 10 substrate. In the second nmet hod, the selected

| i quid- I d f d i h

clog?: ngalo:oqﬁl dgFSquﬁepgﬁﬁﬁ\éf@ngﬁ%%eﬁé;ﬁ@sé ’{Jémt)?é]e%&gglél %g Eai6ned in
t he I|gU|d in n%%n% Ies% t an£}5 atreference vaI % #t Sa?

det erm ned vvhe?ﬁe? mtpod”‘r'na{‘hey ’paJr i % BT tJﬁré ha - qui d,
bef h i I d f
oo, 17 Ches PRAGPLEASS IR, AP e e g fd e 1

or great er EB?ESEF.Edrefa%rde %e‘@l&{ee é‘r? asseléa%ﬁﬁiéfé“goéﬂg ¥i g, member

i s not aned to I rst p05| ion ‘and e coat gqurd is no appyled to

the subsirate g glly Adf letedtoalldy @#éf fesihadoi poapbyeve the

second object I's an apparatus for coat mon a 25 su ate by
applying a coaﬁlgg shiquid froma liquid applylng menber to the substrate
| ocated at a fir position. The apparatus conprises: a receptacle ~ g

JUL 2002 As described above, the coating liquid is applied
at the second position before it is applied at the
first position, and the impurities contained in the

10 ligquid applied in the second position are detected.
Hence, before applying the coating liquid to the
substrate it can be determined whether too many
particles exist in the coating liquid. The impurities
may be detected immediately before the liquid is

15 applied in the first position, at regular intervals, or
every time the liquid is applied a prescribed number of
substrates.

A second coating method designed to attain the
first object is a method of coating a film on a

20 substrate by applying a coating liquid to the substrate
located at a first position, from one of a plurality of
liquid~applying members. This method comprises the
steps of: selecting one of the liquid-applying members;
applying the coating liquid from the selected liquid-

25 applying member at a second position before applying
the coating liquid at the first position; and detecting °

impurities contained in the coating liquid applied at



»

~ _located at a second position, for receiving the coating quuﬂ& JuL wil

-applied fromthe |iquid-applying nember; and a detecting device fox

detecting inpurities contained in the coating liquid applied into the
receptacle. 5 Preferably, the receptacle is | ocated not above the
substrate. It may be one which flares at i€s top. The receptacle may be
connected to the detecting device by a tube, a pipe or the |like. The
detecting device is, for exanple, a particle counter which uses a |aser

beam 10 to detg§% gggo'?eﬂéggkggnQOEE%jgﬁgfn E?ﬁb%%%%%égkdif&%#ﬁ%;he first

apparatus can icren orm't he fist “coat desc d above.

Even 11 & plurgbiiysof hoalbe eAPLAENG RIDGCR: PGl SpIRFAlESenae,

used, the firs ppar at us need not have a plurality o

type descri bedcﬁgem ngegy pat £PEnUERE: sqiget%rae lri%;gﬁ@-aa?r%)}fngs%éﬂxﬁéfnt’

in which case the apparatus is nore sinp occupies a er” space,” and
can be manufactyrefe akyBs 2Pat8WebniYS tnh R nY NAUIS& 1 M6 fd r&dn.appar at us

may have a cleaning unit for cleaning a passage é€xtending fromat |east the
recepta gl e toghgedet gCthag1 dguiae int RMOUGRD UMY Al slha HeRptd N fdAnEL i S
supplied. Once the passage is c¢leaned, no 25 coating liquid exam ned
previously rempangel n the passage. This ensures accurate detection of the
inmpurities contained in the coating liquid now held in ~ g JuL 2002 g
_ the receptacle. I§ihbe soplupgllitquiod 15 qudsi-eppliyguidl mdribeits faxes to
supply solvent into the receptacle through the passage. A second coating
apparatus desigsed in ehdi szeohliembthedgndngbjdecti re’l ahappat dals for

coating a filmon a substrate by applying a coating liquid froma

| i qui dappl yi ngsekabeedt and hessdbsbr ape liyothiee ¢ oalt imd ilrigfuipbstid i e
conprising: a |iquid-applying nenber for applying the coating liquid; a
detectiXly deviseb$brate,

In the second method, the selected liquid-applying
member is moved to the first position and applies the
coating liquid to the substrate, only when the impuri-
ties are contained in the liquid in an amount less than

15 a reference value. Thus, it can be determined whether
or not too many particles exist in the coating liquid,
before the coating liquid is applied to the substrate,
as in the first method. 1If the impurities are con-
tained in the liquid in an amount equal to or greater

20 than the reference value, the selected liquid-applying
member is not moved to the first position and the
coating liquid is not applied to the substrate at all.

A first coating apparatus designed to achieve the
second object is an apparatus for coating a film on a

25 substrate by applying a coating liquid from a liquid-

applying member to the substrate located at a first

position. The apparatus comprises: a receptacle



10 detecting inpurities contained in the coating liquid; a first pﬂﬂ%JUL 202
* connecting a source of the coating liquid to the |iquid-applying nenber; a
second pi pe connecting the source of the coating liquid to the detecting
device; and a switching device provided on the first 15 pipe, for sw tching
supply of the coating |iquid between the Viqaid-applying menmber and the
detecting device . Unlike the first apparatus, the second apparatus is
designed to detect inmpurities in the coating liquid 20 in so-called in-line
fashion. The liquid.need_not be appli.ed fromthe |iguid-applyi nber,

for the pur potBOBHedeRECR REobRsEaT Se q TRor vegarn tid PR R T e

inpurities cont awgdgipgéﬁg% lfir%ﬁw' theamiﬁfuegfa%:ﬁ&%wihg%}phéﬁg glevi ce

may be a switChrng 2 VEé sSuch as a stcond appar at us

may have a plgralbityn fdlab%ied'f%@'&@é}gcg%ﬂ%\%}d&&f'é’ér?ééi%(e&’fiﬁoati ng

| i quid sourceS. Even Fn this case, _one pilpe suffices
to connect th oat | i quiLd : r 1 | .ﬁﬁy' e, and
detecting dev?%% gghegQ mgggq&??%g&gﬁiédgolaﬁngaf%%%% |1c “are to be

appl i eds from t he 'bgaké-rasﬁgxi %é@&%ap%acﬁé N ¢ N SHE N GPPASFYS, 100, a

cleaning unit may be used t0 clean a passage extending fromat |east the

receptacl e toghhesdgkechtBy day Gy Y G WD fNerspadd nped i gepd 1S

supplied. Once the passage is cleaned, no coating liquid exam ned

previously refRENgedBptActibe mRgs TROGonHE S RNHY shA Ll &t €1 flgt st iea of
the inmpurities contained in the coating liquid now held in the receptacle.

I'f the coatingyl aqguBel,Sar @iipst dd @ihl,1iike Sufflie afe e SitpP! devDbyend, i nt o
the receptacl e through the passage. 15 A first coating apparatus desi gned
to achi eve t heorhexdmpbpect iparaicdepaaintemhiititic anges seslage deéamg
section for coating a resist liquid on an object; a resist liquid source
for supplyi ngtdbhdeteststhki dmpartia ildye qoatdingedent ithe aest Sig suppl yi ng
pi pe for supply 20 ing the resist liquid fromthe resist liquid source to
the coating sktgudd; a sanpling pipe branched fromthe resist-supplying
pi pe; a valve provided at a node of the sanpling pipe and the
resi st-suppl yi ng pThe, fiivstswppahiatgss el e fficienttigatpenf dimui ke bet ween
the 25 coating section and the sanpling pipe; a particle counting device
for counting pasti epatiegi aeithgd weseyrihed stbaveui d supplied fromthe
sanpl i ng pipe; and
Even if a plurality of liquid-applying members,
15 such as nozzles, are used, the first apparatus need not
have a plurality of receptacles of the type described
above need not be used. Only one receptacle is
sufficient, in which case the apparatus is more simple,
occupies a smaller space, and can be manufactured at a
20 lower cost than otherwise.
The first apparatus may have a cleaning unit for
cleaning a passage extending from at least the recepta-
cle to the detecting device, through which the coating
liquid is supplied. Once the passage is cleaned, no
25 coating liquid examined previously remains in the
passage. This ensures accurate detection of the

impurities contained in the coating liquid now held in



~'6 ,~U~ 2002 - 10 means for supplying the cleaning solution to th46 JUL 2002
particle-counting device. The sanpling pipe, the valve, and the solution
suppl yi ng neans cooperate, supplying the cleaning 5 solution to the

particl e-counting device to clean the sanme. This prevents the resist liquid
fromsticking to the inner wall of the opt8cat cell incorporated in the
particle-counting device. Thus cleaned, the particlecounting device can be
operated in in-line fashion with 10 high efficiency. A second coating

appar at us desi,gned to achi eve t ird object . i,s an apparatus ¢qQnpr,isin
apgoating secty ?%ﬁeékﬁﬁf%g anegpgtCPPﬁhPH LR 05F25?515trg§i lq'iqgid

source for supplying the resist Ii uid.to %S.the %gating sgction; a
plurality of resi¥IEEUEpF yFAgSPPBEX FOLVEDSpL)FRg P Re PEEPSECLRquUI d from
the resist liquid squrce to the coating section; a plurality of sanpling

rou fF

pi pes branche 0] e ?e%?%?égﬁpplying pi pes, respectively; a plurality

f val i ded h - : " D q
o valves proviced gle 00gs 20 0ln{NEpBATEL ISR, RGRAT N ScRRE o A
coat nosll i helipary|hec c0aLLR0, BBt LoD204- UG, SO L9 0hPE 3

partiC'e'COU”QdB%é¥%63“%§eag§£?fﬁ?eg.éBaE@ﬁPU?SQPEB”Qthp§11§gﬁgﬁgunti”9

particles existing 1nthe re qui d suppfie rom" each o

sanpl ing pi pesp NG (PaRsnbOF S4PPh¥i 80bkReatel18cdbkd2002,- £hs¢l €ani ng
solution to the particl e-counting device through the neasuring pipe. In

this apparat upossalidils é&ﬁ§§islﬁ§9iQslQéﬁi@?aﬁﬁ@?hh@dmbﬂbert@Sr ,
particl e-counting device through the 5 sanpling pipeS and the neasuring

pi pe. Hence, aipPaAId cliee Cociting Ueyicq; sHf aéeéédﬁ?caee&&egfbbe
particles existing in various resist [iquids flow ng through the

resi st 19uppl yide:qiithiasy Shpeeit hes cteabange8oint the 608RiMGNYiHAAAS a
supplies the cleaning solution
first pipe connecting a source of the coating liquid to
the liquid-applying member; a second pipe connecting
the source of the coating liquid to the detecting
device; and a switching device provided on the first
15 pipe, for switching supply of the coating liquid
between the liquid-applying member and the detecting
device.
Unlike the first apparatus, the second apparatus
is designed to detect impurities in the coating liquid
20 in so-called in-line fashion. The liquid need not be
applied from the liquid-applying member, for the
purpose of detecting impurities in it. Without a
receptacle, the impurities contained in the liquid can
be detected. The switching device may be a switching
25 valve such as a three-way valve. The second apparatus

may have a plurality of liquid-applying members and a

plurality of coating liquid sources. Even in this case,



10"to the particle-counting device through the neasuring pipe, the r 4§ SPt i
liquid is prevented fromsticking to the inner wall of the optical cel
incorporated in the particle-counting device. Thus cl eaned, the

particl ecounting device can be operated in in-line fashion with 15 high

efficiency. A third apparatus designed +o &ch+eve the third object is an

apparatus of the sane structure as the first and second appar atuses

descri bed above. The particle-counting device incorporated in the third 20

apparatus has a Earticle-d&tectin section and a particle-cou tiqg section

The particl e- cBORt PhBSs8BEEIFESs tHeSOMEF &t FNCo R toMY) i I SRIBE R r

t han t hose mhiggiggglaarti tecting sec%#fn has dg%fcled fromlight
[

l.e-d

em tted from rESi E0S| REGPEEINEnEEY ieife 28k 155G A HRY 1F A ce can
s ot i | uengRaTE)et RELERERD o ReA D ot icife PReIms e 5% BRL 2002 - 12
liquid. A fourth gr tus %ﬁ;iqned.%g achieve the.third object is an

appar at us conp?Pgiﬁg. r88at'ﬁg 886 yﬁﬂ%ﬂﬂ%ﬂf%f%ésist liquid on an

bj ect; ist S Liqui f | yi t h ist. liquid to th

gojateicng e(r:te;slo?l; rei%‘g#hgu%%lﬁ:&% gagllrpﬁzruafl%glrsy’!s&%’ﬁ’yieangﬁts‘%waé”r’}eiﬂgrlf& i’gﬁﬁ'def rom
th ist liqyid [ QN5 i ' b hed
from the resi stCstaatyl oo are: " ranrog ra ot G o AP e e

sanpl i ng pi pe eggte&gscissitat xmpa'eseie%g_-imgg%éergd@eﬁsv@mqg}g witi Yeid the

coating liquid en the coating sectl the sanpling pipe; and a

particlecounti agadenyCei5A5dCadNshRPIRVL.! Clop X igikddyd hes resi st
liquid supplied fromthe “sanpling pipe. The 15 particle-counting device has

a particle-detgebhRgdsenbi eBatAd g2 1R lSrarield RHE-SBGU Ay fdmeot | ng
only particles other than those which the particl edetecting section has

detecteglg from [hgbheephbbagel.r OMhies iedls ulre@Uiadcudd tEhidtabt fvrarpargials is
advant ageous in the same respect as the third apparatus descri bed above. A

fifth apparatusmgesigned tenkalinede ihhenehicod tabigeati @fid howrnesentin
invention is an apparatus of the
the receptacle. If the coating liquid is resist liquid,
it suffices to supply solvent into the receptacle
through the passage.
15 A first coating apparatus designed to achieve the
third object is an apparatus which comprises: a coating
section for coating a resist liquid on an object; a
resist liquid source for supplying the resist liquid to
the coating section; resist-supplying pipe for supply-
20 ing the resist liquid from the resist liquid source to
the coating section; a sampling pipe branched from the
resist-supplying pipe; a valve provided at a node of
the sampling pipe and the resist-supplying pipe, for
switching supply of the coating liquid between the
25 coating section and the sampling pipe; a particle-
counting device for counting particles existing in the

resist liquid supplied from the sampling pipe; and



. . g JUL 2002
same structure as the second apparatus descri bed above. 25 The f|ftﬂ
-apparatus is characterized in that the particle-detecting section has a
relatively low sensitivity and is not influenced by the light emtting 1
6 JUL 2002 - 13 fromthe resin conponent of the resist |iquid. Not
i nfl uenced by such light, the particle-detltting section can detect
particles having sizes over a broad range, serving to count particles in
any resist liquid 5 with high accuracy. A sixth apparatus which is designed

esist liqu'd 5 with high accuracy. A six ch i's desi
Structure to ARy BRecor REERPIRY (o riaF e ST HOE ARG above. The

sixth apparatus_L.$. c t.erj inthat a filter is provided on the
resist-supplyiﬁakgf%geagghﬁgég¥téﬁﬁﬁs ream of the node of the sanpling pipe

and the resist-supphyin i ed of 0, filter
can be found to havgxgeggﬁlg&ﬁgg%giﬁ’citgﬁswvai%{lg'paarﬁ]?%é; ?ﬁ%%%gg;%_s 15 in
nunber in the i T NNG[RY fJ ti = i PP desi gned
to achi eve theg?ggﬁgﬁhgbﬁggpsgfqﬁﬁ?ﬁ%ﬁgﬁu%%g?%gﬁﬁﬁiggz: a ﬁ%H&

particlesdet eckpngt 386! k8Nt ndN$ad thallld L RIROUY I SEEH O 1dA the
particle-counting section counts only 20 particles other than those which

the particle-dghfeti N@hsachpirevchas dafectiad ft amdd ot reom td ek 14 £8Si st
liquid. In other words, the particle-counting section is not influenced by
the Iight enmittpd fihaext halnesifsttld @Ypdcadienca ]l tieasd &t &d CoMNEhEY
device can count 25 particles with high precision. A second

particl e-count pagtapparabustdes gred de. achwy e Idenddurdiie o eeicbé-t he
invention is identical 16 JUL 2002 - 14 in structure to the first
particl e- count tegnappgr devdcell@ars éeorpgparddd | ith K ing Sl en usith
characterized in that the particle-detecting section has a relatively |ow
sensiti¥dty andigh adfichkhagnced by the light 5 emtting fromthe resin
conponent of the resist liquid. The particle-detecting section has such a
sensitivity as to dateetopdr cioatdsichappayatus e sigrad tto aclyieat ethe han
0.16 Vim Not influenced by such light, the particle-detecting section can
detect particleBitd hhijeay diszan apgrrathrsogmbnpmnigsingeraigratingount
particles in any resist liquid with high accuracy. Additional object and
advant ages of &@etianefprofgoRitinga F@s ifsdr i duid e des @b jrGon ahi ch
foll ows, and

resist liquid source for supplying the resist liquid to

15 the coating section; a plurality of resist-supplying
pipes for supplying the resist liquid from the resist
liquid source to the coating section; a plurality of
sampling pipes branched from the resist-supplying pipes,
respectively; a plurality of valves provided at nodes

20 of the sampling pipes on the one hand and the resist-
supplying pipes on the other, each for switching supply
of the coating liquid between the coating section and
one sampling pipe; a measuring pipe to which the
sampling pipes are connected; a particle-counting

25 device connected to the measuring pipe, for counting
particles existing in the resist liquid supplied from

each of the sampling pipes; and means for supplying the



in part will be obvious fromthe description, or may be 15 | earned by

- practice of the invention. The object and advantages of the inventiP8 Jity 2002
be realized and obtai ned by nmeans of the instrunentalities and conbi nations
particularly pointed out in the appended cl ai ms. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG 20 The aceonpdnying draw ngs, which are
incorporated in and constitute a part of the specification, illustrate
presently preferred enbodi nents of the invention, and together with the
general descripfion,given. above and the detail ed description of the
preferred enmbo ie§§1 nfQLlHEveR EQIG&F DAL CLE-ELINEILR % FEVHSeci pl es of

t he invention.tﬁWCi % 'ﬁ a gersgective vi ew of a resist-coating 16 JUL
2002 - 15 and-*4RY2 ot RgMsF8tEM PnBoPForating a resist |iquid coating
apparatus which is the first_enbodi nent of the _inventiqon; .EFIG 2 is a
schemati c vieM/shom}ﬂgt%ﬁg PB?FEFggsViHSFGOBEaFFﬁdsépﬂéHHHE§ £E%M% ng to
the first enbodi nenpt _of .the invention: .EIG 3.i.s aplan view of .t resi st
liquid coaﬂlnf%ﬁ%g E u%ngﬁoaﬁeiRaﬁ?éFlETC?P@flEgiggglgghgﬁﬁﬁWgﬂAghﬁ

show ng resi f aquid oat.jyn ppar. i IS econd. enbodi nent
of the ﬁfesentééﬁé£gﬁéo%%gﬁgcghg ?ggaﬂgﬁgkggpgabggefheh?§§%§t W%nnd

coating appar ghase POMUDLANEL fy devILE oferic@sIkBIEBMNL LY AT NG the

resist liquid supplyrng system pipes used to count particles in the

resi st liquid gogde yapbingxhsdvhg $HPPLYiBAsSYetedt a14uiiReOARLALRA i n the
apparatus shown in FIG 4;
through the resist-supplying pipes. Since the cleaning
solution supplying means supplies the cleaning solution
10 to the particle-counting device through the measuring
pipe, the resist liquid is prevented from sticking to
the inner wall of the optical cell incorporated in the
particle-counting device. Thus cleaned, the particle-
counting device can be operated in in-line fashion with
15 high efficiency.

A third apparatus designed to achieve the third
object is an apparatus of the same structure as the
first and second apparatuses described above. The
particle-counting device incorporated in the third

20 apparatus has a particle-detecting section and a
particle-counting section. The particle-counting
section is designed to count only particles other than
those which the particle-detecting section has detected
from light emitted from resist liquid. Hence, the

25 particle~counting device can count particles with high

precision, because the particle-detecting section is

not influenced by the light emitting from the resist



FIG 7 is a flow chart explaining howthe particles in the liquid atd JuL 202
-counted and how the 20 particle-detecting section of a particle counter is
cleaned; FIG 8 is a schenmatic diagram showi ng the particle-detecting
section of the particle-counting apparatus; 25 FIG 9 is a graph
representing the influence the resist liquizdl ismposes on the |light em ssion
fromthe resist liquid when the particl e-counting apparatus (16 JUL 200z
- 16 counts the particles existing in the resist liquid; FIG 10 is a
graph depicting the influence the resist |liquid inposes on the |ight

em ssion from tlH&wigki st |iquid when the sensor used in the particle 5
counting apparatus is set at a low sensitivity; and FIGS. 11A and 11B are
graphs showi ng how tthdpaith ArraTafteduigredutderchivyd theethiagdeount ed
by the particle-counting apparatus. DETAI LED DESCRI PTI ON, OF THE | NVENTI ON
10 The first efbfGHertS &N tIRPIFHAESENCITREHT it v | FOReiREsERFBEAN Wit h
reference to FIGS. 1 to 3. FIG 1 shows a resist-coating and -devel opi ng
system 1. The $R% SREINT FeKSiiett tlot Gakh YR MRIIRCE brawaPELEL adhere
resists to the wafers, heat the 15 sem conductor wafers, coql the wafers to

a prescridhed tenyFErg FANLGs SYRP RS SthQ TegIRt Heguigdptenghe

coating section; resist-supplying pipe for supplying
the resist liquid from the resist liquid source to the
coating section; a sampling pipe branched from the
resist-supplying pipe; a valve provided at a node of

10 the sampling pipe and the resist-supplying pipe, for
switching supply of the coating liquid between the
coating section and the sampling pipe; and a particle-
counting device for counting particles existing in the
resist liquid supplied from the sampling pipe. The

15 particle-counting device has a particle-detecting
section and a particle-counting section for counting
only particles other than those which the particle-
detecting section has detected from light emitted from
resist liquid.

20 The fourth apparatus is advantageous in the same
respect as the third apparatus described above.

A fifth apparatus designed to achieve the third
object of the present invention is an apparatus of the
same structure as the second apparatus described above.

25 The fifth apparatus is characterized in that the
particle-detecting section has a relatively low

sensitivity and is not influenced by the light emitting



resists on the wafers, and heat the wafers after devel oping the resiftgsyuLA?
*shown in FIG 1, the system 1l conprises 20 a cassette station 2, a first
 transport arm 3, a transport nechanism4, a transport path 5, a second
transport arm6, a first armtrack 7, and a second armtrack 8. Cassettes
C, each containing a plurality of wafers Y3 are aligned on the cassette
station 2, along 25 the transport path 5. The transport nechani sm 4 can
noved al ong the transport path 5. It is designed to renove the wafers W
fromthe cassettes C and transport 1 6 JUL 2002 - 17 themto the first
mai n transportfzem Bhe Thesinaneppeneatnef3thnd résdsn dows id.ondlathe arm
tracks 7 and 8, respectively. The resist-coating and -devel oping system1 5
further conprisetluen¢edisbyiasechplogbssi thecappaticlsesetded imgpar at uses are
a brush washing apparatus 9, a water-washing apparatus 10, an adhesion
apparatus 11, %ﬁ@%ﬁﬂ¢r@F%p%@F@@EsPEZFlF&BSrgéVQPQC@éﬂﬁﬁgCaﬁpaﬁaﬂugéyi13, a
heati ng apparatus 14, and two develoging apparatuses 10 15. The appar at uses
9, 10, 11, 12 &#Pa4 SR hRFahge8CBRtoRAr§Lgdesf inha@nyr masiddkd iawid 8,
whil e the apparatuses 13 and 15 are arranged on the other side of the arm
tracks P and &l FRsACGRERTYg apparatus 9 rotates wafers W15 renoved
fromthe cassettes C and washes the maL

ers W The water-washi ng appar at us
10 applies water inAtﬁbx?%rﬁPB?rﬁtHFgH-bFBs%ﬁrgeFéSPePOtPhécgﬁg?ﬁges of the
wafers W thergh shéqg%thetmage%ﬁ W, The,k adhesi on _apparatys 11 renders
each waf er MIH§H¥dﬂﬁ55 PRI 28 shfPalBYCRERPRG 18 PBSPRPHES adhere to
the surface. The copoling. apparatuys_12 coaqals the fers W.to.a prgﬁf rm ned
temperature. THETERTSl “LBabEhGC Bpa: kPuRY P3%afhI FE AOERE T it o ¢ he
surfaces of the wafer LD Lesi st f'hn1 n_eac fer. W .The 25
heati ng appar a?%mgrﬂtlgse% sgg%térﬁg?gr ggé\ygéatg evmgtlﬁ{%r%egipggrgaﬁdl al’$o the
vaf ers W exposed: Lo-dd0Pfeq The PRYE QPERYCARPILALYSHT aLR o9 A the
| i ght - exposed
resist-supplying pipe and located upstream of the node
of the sampling pipe and the resist-supplying pipe.
Located upstream of that node, the filter can be found
to have become less efficient when particles increases
15 in number in the resist liquid.
A first particle-counting apparatus designed to
achieve the fourth object of the invention comprises: a
particle-detecting section; and a particle-counting
section. The particle-counting section counts only
20 particles other than those which the particle-detecting
section has detected from light emitted from resist
liquid. In other words, the particle-counting section
is not influenced by the light emitted from the resist
liquid. Hence, the particle-counting device can count
25 particles with high precision,

A second particle-counting apparatus designed to

achieve the fourth object of the invention is identical



16 JUL Z002 - 18 wafers Wand apply developing liquid to the wafeds$ WL 2002
- thereby devel oping the resist filmon each wafer W The waf er-processi ng

- apparatuses 9 to 15 are arranged close to one another, at appropriate
positions, 5 so that they occupy but a relatively small space and operate
with high efficiency. Wafers Ware brodghi4i nto and out of the apparatuses
9 to 14 by neans of the transport arns 3 and 6. As showmn in FIG 1, the
system 1 further conprises 10 a casing 16. The casing 16 contains the
cassette station 2, transport arns_ 3 and 6, transport nechani sm 4,

t ransport patHJBSgﬁqﬁq?%&kgo7t%%dfBrSEnHaR£+§lepFBE8§§PHgaQﬁﬁ&P&NﬁEes 9 to
15. The resist-coatin aratuses 13 are identical ch beln t he
fhrst enbodi ndite deqtnd et et TeoannE L ba SBRErSrub nbapparAteeRases vi | |
be descri bed, t ref rence to ) .
ol ot s conti ndh l%a’é‘bh%f?%gtﬁ%é@?nﬁei§é9nAEa§h8\Aﬁeqﬁt|*I"8§.Y2 and
3, the 20 apparatus 13 has essin chag?er 21 g sgb g k 22, a
chuck drive 2 O%ﬂeﬁq?#ﬁk%% %nhs ngFafﬂ 3%RC§§ Yhi-eR rovided in
t he casi.ng 13a., e ch [ Th huck
drive Z§ ?s Io@gﬁnﬁjggl ﬁgﬁ%han%gnp § b$ﬁg Erg gE% g égtzi gfé%'c "
rovided in t t
gut3| de the c@r%ggatlg{ﬁ%eé%%%}égﬁgcﬁg%?gne gé?gﬁ%ha?o ng(ﬁlbq %ter Win
16 JUu . 2002 t o] huck 22
can be rotat ec?%y thég%ég%%vg?%% h%ﬂémc‘h ﬁ!ﬂgl’l vgﬁé% £ E?grceggrrpl e, a
pul se notor. Hid & 17 CAMLE OLAL.C WRR Sig Bl aaluewh
control |l ed speeds. Gases can be exhauste romthe Center part of the

bottom of the ﬂ{@%&%mér@@@@ét% byeat 988 - €XhadsteBBABArERRY e3NOWN) such
as a vacuum punp, which is prOV|ded out si de the processing chanber 21.

Resi st 1lgi qui d 1 Pl /B s Cave Pea dbAbRAArhREEYIIBethEngr 8bNcdlnki pes 24 into
the drain tank 25. '‘As seen fromFIG 3, the resist-coating apparatus 13

further conpriggs il ded 48P, réoustr Bsgeidapptii RGgRoaetagaby.to N4, four
sol vent - appl ying nozzles S1 to S4, and four nozzle holders 31 to 34, all
provided in Additional object and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
15 learned by practice of the invention. The object and
advantages of the invention may be realized and
obtained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
20 The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the preferred embodi-
25 ments given below, serve to explain the principles of

the invention.

FIG. 1 is a perspective view of a resist-coating



15°the casing 13a. The resist-applying nozzles N1 to N4 are paired mﬁg$ thenn2
'sol vent - appl yi ng nozzles S1 to S4, respectively, constituting four nozzHes
units. The nozzle units are held by the nozzle holders 31 to 34,
respectively. The nozzle holders 31 to 34 are held by 20 the hol der 13b.
The hol der 13b has through holes (not showf. -The nozzles N1 to N4 and S1
to S4 are held in these through holes, each with its open end exposed to

t he sol vent atnosphere in the housing 13a. As shown in FIG 3, the nozzle
hol ders 31 to 34 have pins 3la, 32a, 25 33a and 34a, respectively. The pins
3la to 34a can3BE hESYBPPA Nt FY SO IMEONRRAL BT | a peesbser 1 badifat er.
The nozzle holders 31 to 34 are identical in basic ~ 8 JUL 2002 - 20
structure. Onl §o@kdNgo2PPR U WHE vt e Fixst 2rpedinanteqér thed. As
shown in FIG 2, a resist supplying tube 41 is connected at one end to the
resi st-appl yi ng"W&2H€™1 and at the other end to a 5 resist |iquid source
R1 which is Iocatedgﬁ tside the c sian13a” Aresis Iig@id is.therefore

I
suppli ed fromthe sédCce RES & SFOSHT H ViKY e e NEeE ¥ Bugh t he
resi st-sypplyi tube 41. A filter 42 is provided in the tube 41, for
[irtering out RASH OB, ARPams b (A Gre O 4 Hevs cbFEEE T qui
Mount ed on the %%%%i%% i hying mechani sm 43, such as a

S resi st -su
bel | ows punp, ftoOr suppﬂﬁnﬁ}tﬁh?rﬁgﬁﬁs ﬁ|%nnd to the nozzle N1 at a

predetermned [low sate. S06 Uisd WS, 900 el & Dol (18 ot

15 are identical to the first n asic s

resi st quuidsagﬁgr%% %pgwd%ﬁifgk%ﬁ§nq§ntly to the wafer Wfromthe

nozzl es N2, N3 Thus, the resi'st-'coati ng apparatus 13 can coat the

wafer Wwi th four digfer Q”tigr %siﬁthéxiaoﬁ(‘dg,ie%p smfrﬁ)g%?%%li??&lgépéar e

connected to the nozzle holder t enper at ur e- con

suppl i egot 0 theohelider adbalrdtiadhHike: ,ti@a-cr?éas@d%a @ﬁ@éa%ﬁereygehéhe

tube 35b. The fluid rrainfains at a desired tenperature the resist liquid
which flows thpeegknihandenta@yrst - suppl ying tube 41 and is eventual ly

applied to the wafer Wfromthe resist-applying nozzle N1. As illustrated
in FIG 2, a solvenriguppl WishG tgiké view of the resist liquid coating
apparatus shown in FIG. 4;
FIG. 6 is a diagram illustrating the resist liquid
15 supplying system, pipes used to count particles in the
resist liquid and washing liquid supplying system, all
incorporated in the apparatus shown in FIG. 4;

FIG. 7 is a flow chart explaining how the

particles in the liquid are counted and how the
20 particle-detecting section of a particle counter is
cleaned;

FIG. 8 is a schematic diagram showing the
particle-detecting section of the particle-counting
apparatus;

25 FIG. 9 is a graph representing the influence the

resist liquid imposes on the light emission from the

resist liquid when the particle-counting apparatus



. 6 JuL 2002
, 1 6 JUL 2002 - 21 45 is connected at one end to the solvent-apply?ng
nozzle S1 and at the other end to a solvent source T which is |ocated
outside the casing 13a. A solvent is therefore supplied fromthe source T
to the solvent 5 applying nozzle S1 through the solvent-supplying tube 45.
Mounted on the tube 45 is a sol vent-suppl ¥6ng-nechani sm 44, such as a punp,
for supplying the solvent to the sol vent-applying nozzle S1. Two tubes 36a
and 26b are connected to the nozzle holder 31. A 10 tenperature-controlling
fluid is supplied to the holder 31 through the tube 36a and therefrom
through the t§986h theh@FTiGL % ftbs hEngt 1 BB FEaifEnddasighie t he
sol vent which flows through the solvent-supplying tube 45 and is eventually
applied to the waf élL8wf |ﬁ§rﬁaﬂEF%%I@%H%ngﬁgygh@ hBE2PENSE thee nozzle

hol der 31 hol ding the resist-applying nozzle N1 and,the sol vent-appl yi ng
nozzl e S1 cant5é& gd %Wég%%#d%? 4hy {594t g8RLFE4OPoS LMok NEhove the

wafer Wby the scan grm 37 f a scan unit 37. The 20 scan unit 37 is so
desi gned t hat “€Fé-S&c ﬁq§Pﬁf§3ﬁﬂbaﬁp?mﬁ%P§ﬂrtH?% - 4nnthei BRAE f4&hi on,

'y in X axis, .Y _axi d .z axjs. tipned_above, th
et st - Bppl yi A8 RGN %01 4 <555 TP wL O PABSSOIYARTaBpri ng

nozzles S1 25 to , S tively. onstituti four.nozzles units.
I nstead, only thesﬁgg%gtBg%hfvv%ng%z%¥%sgfﬁpgg ﬁﬁo ng OHelt eby t he

nozzl e h0|der%a%%iEQe%4iﬂa¥%§§éd\$%ynumbe}§ &&{%1gg§e; 4% counted by

the particle-counting apparatus.
DETAILED DESCRIPTION OF THE INVENTION
10 The first embodiment of the present invention will
be described, with reference to FIGS. 1 to 3.

FIG. 1 shows a resist-coating and'—developing
system 1. The system 1 is designed to wash semiconduc-
tor wafers, adhere resists to the wafers, heat the

15 semiconductor wafers, cool the wafers to a prescribed
temperature, expose the wafers to light, develop the
resists on the wafers, and heat the wafers after
developing the resists.

As shown in FIG. 1, the system 1 comprises

20 a cassette station 2, a first transport arm 3, a
transport mechanism 4, a transport path 5, a second
transport arm 6, a first arm track 7, and a second arm
track 8. Cassettes C, each containing a plurality of
wafers W, are aligned on the cassette station 2, along

25 the transport path 5. The transport mechanism 4 can
moved along the transport path 5. It is designed to

remove the wafers W from the cassettes C and transport



and the sol vent-applying nozzles S1 to S4 may be repl aced by a singﬂ@ JUL 2002
- sol vent - appl yi ng nozzle which is secured to a certain part of the scan arm
37a. As shown in FIGS. 2 and 3, the resist-coating 5 apparatus 13 has a
resist receptacle 51 which is |ocated outside the processing chanber 21 and
bel ow the scan unit 37. The receptacle-511i7s a pipe having a flaring open
top. A probe 5la is connected to the I ower end of the receptacle 51, for
exam ning the 10 resist liquid supplied to the resist receptacle 51.
Connected to the probe 5la is a particle counter 52. The counter 52 is

desi gned to apph§m tortkgafpret maiasésrapsserto arie 3resilde |G5IsPALt t he
probe 5l1a, thereby to count the particles existing in the resist 15 |iquid.
The resist |iquf®scinah@d Br&frReBOVROMLORE Fhebarsi & rasksugh addrdai n pi pe
53, along with the resist |liquid and sol vent discharged fromthe drain tank
25. In operati®®SPechbY@}YWis placed on the spin 20 chuck 22 located in

t he processi ng chanber 21. The spin chuck 22 automatically holds the wafer
W by vacuum suct i ont NThESEhBERCARTEFBI28NHorAeye 1ORE NgpiSY SRIt K 22, wher eby
the wafer Wis_rotated. O the resist-applying nozzles N1 to N4, a nozzle
Nx is sel ect edf#BtBphI GOPRELSSS q¥EFLRY Sy ¥HLEL PrGGeE S 1 Pi%e ARPAT AfRSFra i s
noved to the nozzle holder holding the nozzle Nx. The no%gle Nx sel ect ed

may be, for exanpl PPRRRCHEEFSAIEpPI PFHGR WESELRG 2P§35atuS39méyzle NL. In
this case, the a{n1§7a i s_noved totthelppzzle | der_ 31, r%ﬁﬁf hgg hol der
S1 and noves tHR"ShnEd?0T2948EBPRER “PSsittir o "aBEVE SHRE ﬁﬁ?%g SThe 'sdt vent
is first i ed 1 t .5.desi_red st liaquidd.s th
bool i cd from (5o hi88) 0Ra PAERE 01 2o BRE, BB L35 SRR e SheRrA b 1S 1"

possible to coynﬂeégg?gggﬁgégggﬁgaggucgﬁér%&%§hggglb i%@éﬁgqgﬁgygggscﬁ t he

desired resist |iqui wa i S nmounted on the

[ k 22. j 373 d f | e,
The nozl hoi HET ST hoTRPRG TR redr ot CApnlyi 1a Boculie T e ARy ¢

sel ected nozzlgn N(je JP§eSERNLAEMhZAA LPRRRRS 7t ARANG!, dGhHi3L and noves it to
a position right 15 above the resist receptacle 51. The nozzle N1 applies
the resist |ioghdatDE@sébe18eaRAt 36| BrelarFadgRUeER! @he other side of
the arm tracks 7 and 8.
The brush washing apparatus 9 rotates wafers W
15 removed from the cassettes C and washes the wafers W.
The water-washing apparatus 10 applies water in the
form of a high-pressure jet, to the surfaces of the
wafers W, thereby washing the wafers W. The adhesion
apparatus 11 renders each wafer W hydrophobic at a
20 surface, making a resist firmly adhere to the surface.
The cooling apparatus 12 cools the wafers W to a
predetermined temperature., The resist-coating appara-
tuses 13 apply a resist liquid to the surfaces of the
wafers W, coating a resist film on each wafer W. The
25 heating apparatus 14 heats the wafers W coated with

resist and also the wafers W exposed to light. The

developing apparatuses 15 rotate the light-exposed



mned anount. The particle counter 52 counts the particles existing“isn‘"t"hém2
resist liquid in the probe 5la. After the counter 52 finishes counting the
+ 20 particles, the nozzle S1 applies the solvent into the receptacle 51,
washi ng the receptacle 51 and renoving the residual resist |iquid
therefrom If the nunber of the particles iighe counter has counted is equal
to or smaller than a reference value, 25 a wafer Wis placed on the spin
chuck 22, and the scan arm 37a noves the holder 31 to a position above the
waf er W The nozzle N1 applies the resist liquid to 16 JUL 2002 - 24 the
waf er Wwhi ch Vafes6alli Agd PPPiRe daYifdaP sl tHaW4 thicitde wfeafuler has
counted is greater than the reference value, an al arm device (not shown)
provi ded out si BBeFRBYr 8VeLopdag g eapfridtud W gh&aghesrales Wi arm  and
t he scan gram 37a npves the holder 31 back to the holder 13b. In this case,
the apparatus 13 pefP8r WBIRE -PEPCRSS I ARRGR e s e %R e taken to
reduce the nunber of particles existing.in the resist liquid. 10 Any one of
the other resi8kTapPeYi RYORBzELeOMD AR ILL /f Gt SRRRARF ke RESA 1 9BS hel d
by the nozzle holder 3 be connected to g s%yrce Rl of the desired

2
resist 19 quid.SPf tPﬁFsthgng ﬁscegé'e,bqthé SR VR LYy Siddve SRARE | e
hol d 31 back to t h .13b A5 th i h | i
honarat s ot oRPrRtE HObRoiER R S A e MRS M ho oAt sare 1o
th iti i 1 b h i st 1 | 51. th N2
oo Pos! e B lhBREY SpEnB e, Thel i HRAES oty al Ty kRl Gk i

anount. The co 2 unt he particles existing in the resist
liquid in the F)?%ﬁépgﬁ‘é, Q{'g‘gdgt %r“tr% %< whet her the resist li qui d shoul d be

appiied to a wafer yoLnBgh (Whipie ! NeSq i SRS YN RA dafholed N

sequence, the operator nmay répair the resist-supplying system connec

the 25 fpzz] e NlcagdnjngEud! Beel Badlidd A5 450l dshd HeeHatlesithp! Vi NG

mechani sm 43, thereby“reducing the nurmber of particles existing in the unit

amount of the £egt$bn 2, 18raWspdR2 arndd 3 ldndlisd SURMRAE nddiaagg! e NL.

Hence, the resistcoating apparatus 13 need not be stopped and can

continuously appl ¥yrhhepdesi paednr &Si dirnl itddckst 9 WHerss, Wnd wHRLONMPONent s
of the resist-coating apparatus 13 are automatically controlled by a

controller (noprébggglngrQpb@@dth@e@h@ resiist,- coati ng and - devel opi ng
system 1.
The resist-coating apparatuses 13 are identical,
15 each being the first embodiment of the present inven-
tion. One of the apparatuses 13 will be described,
with reference to FIGS. 1, 2 and 3.
As FIG. 1 shows, the resist-coating apparatus 13
comprises a casing 13a. As shown in FIGS. 2 and 3, the
20 apparatus 13 has a processing chamber 21, a spin chuck
22, a chuck drive 23, drain pipes 24, and a drain tank
25, which are provided in the casing 1l3a. The spin
chuck 22 is provided in the chamber 21. The chuck
drive 23 is located below the chamber 21. The drain
25 pipes 24 are provided in the bottom of the chamber 21.

The drain tank 25 is located outside the chamber 21.

The spin chuck 22 is designed to hold a wafer W in



If it takes the counter 52 a considerably long 10 tinme to count the AL 2
‘particles existing in the resist liquid in the probe 5la, the counter 52
need not be operated every tine the apparatus 13 coats the resist liquid on
a wafer W Rather, the counter 52 nmay count particles every tinme the
apparatus 13 finishes coating 15 of the lijguid on a prescribed nunber of
wafers W or may count particles at regular intervals of several hours or
several days. As can be understood fromthe above, the anount of inpurities
(e. g., particles) contained in any resist 20 liquid can be detected before
the resist |iqai Hordzoaabédpos iwdoer bWWatlium enstries .t o Ther mlandk iR
quality resist filmon a wafer W which helps to provide a flawl ess circuit
pattern on thecaaf be YWt8itede biyh&heesihsick elcgpieadlde 5Thes dhooskt etk o si de
25 the processing chanber 21, it is always away fromthe wafer Wplaced in
t he chanmber 2123The,r ésirsexkimgdied o Piud seomotomt. anilingt extilve 933 reashuck 22
provided in the Q6 ,lU Z02. - 26 chanber 21, while the liquid is being
suppl i ed from aagatesthe- appnychyckoz2l ati yagiohns ceadprddias Bpeerts prevent
the liquid fromdripping down to the spin chuck 22, it is desirable to

| ocate the recEpsgasl eap1bgt exhgusges fromowhenheendgroamie qff ddessi ng
chanmber 21. The receptacle 51 may be coupled to the holder 13b. In this
case, the spackotfomhefcispnpresessinghehapbaratds b¥3 acspoedimidter, and
the liquid will have far | ess chance of dripping dow to _the chanmber 21 or
the spin 10 chBBRNS2(NBECEHOYMhEURH @6 21 ¥BCHETy P¥BPe AR HeE processi ng
chanber 21. If the case where the resist receptacle 51 _is coupled to the
hol der 13b, thErQBéHeQrﬁpﬁ?&dﬁeégenﬁFoﬁﬁﬁélpﬁéCﬁéﬁgﬁé KdideR€SIF% o 34 from

the hol der 13b.to 1 i tion above th i st e 51 .Th
of the norzl oS NEYER RASCARLABHEy AR BRoGHE LG KETPRBrSEa ARALA nio the

| Tqurd Bhto thETREPef P bR Wb PRAIpATndgk 22, whiie the o oo
As seen from FIG. 3, the resist-coating apparatus

13 further comprises a holder 13b, four resist-applying
nozzles N1 to N4, four solvent-applying nozzles S1 to
S4, and four nozzle holders 31 to 34, all provided in

15 the casing 13a. The resist-applying nozzles N1 to N4
are paired with the solvent-applying nozzles S1 to 5S4,
respectively, constituting four nozzles units. The
nozzle units are held by the nozzle holders 31 to 34,
respectively. The nozzle holders 31 to 34 are held by

20 the holder 13b. The holder 13b has through holes (not
shown). The nozzles N1 to N4 and S1 to S4 are held in
these through holes, each with its open end exposed to
the solvent atmosphere in the housing 13a. As shown in
FIG. 3, the nozzle holders 31 to 34 have pins 3la, 32a,

25 33a and 34a, respectively. The pins 3la to 34a can be
held by a scan arm 37a, which will be described later.

The nozzle holders 31 to 34 are identical in basic



20 resist liquid is being applied to several wafers W one after andkbhelll 002
*an amount of the resist liquid to be applied to other wafers thereafter may
- be supplied into the receptacle 51 and the counter 52 counts the particles
inthe liquid in the probe 5la. The resist 25 coating can then be effected
W thout a break. As described above, the 2@ceptacle 51 is renote fromthe
hol der 13b in the resist-coating apparatus 13 16 JUu 2~ - 27

illustrated in FIGS. 2 and 3. Even in the apparatus 13, the scan arm 37a
may nove any nozzl e hol der_hol ding the resist-applying nozzl e not applying
the resist |i§dr@SRaGre A ef W@%D%%%%HP0%0%%%rc%ﬁc%h9@nf%anfﬁe Rol der 5
13b to the position above the receptacle 51, The particles in the resist
liquid can thé& Hﬁehﬁmﬂﬂ%ﬁfﬁhe%my $ R R LFn or dRrXEBLIREINtain the
resi st receptacl e .51 clean enpugh for nore accurate co nting of particles,
10 the open t SPPELYIAS ¢ el 51OMRSF bR k%bto%?o%%§ 521%R€ne, but when

the resist liquid is supplied into, t recept acl e in the predeterm ned
% R p p

le 51
amount . For t A&Sd8te 3R pose %P%?%%H?%gﬁ% i 3¢ nble RERYhngRE et B t he
he T eopdual Festet MR ThPid ot i et il €568 ARERiGe v s vt ded
t he drai i toQ, dr g} i st. biqui h | t f th
probe sin A castod’adh A Ractss PRIqhid B Shditeott SEpEETty FRER' "°
nbodi t of tr 4l i i b i i t t
Fleo A to 6 thE® SRRERRNRI VEL Lo D IERERG o tl i LERFOGRARC 10

conprises a C%ﬁienqle%%%%-ﬁ%%gﬁ%i%&h‘?@em16%%%&?%%&%%&;{%%%?{1 chuck

drive 143, drain 25 pipes a drain tank , the

chuck 142, drijye +343 j 1 i ; e; ' [ e,gasing
125a. The spi ﬁ“cﬁﬁ%ktf?zeoiq:l' %%@U{@é}&)@é%% lrgé%%gg%iﬁu%ﬁeaghanber

141. The chuckaghiive e:43F vich |1aratesk el o thdphqmtédllonwﬁedf@b@ pi pes

144 are provided in the bottom of the chanber 141 and connected to the

drain tank 1461 TRe at als iEAS dupp DEAI S Gl S féin 4 § hesedianbera 21, The spin

chuck 142 is designed to hold a wafer Win a horizontal position by vacuum
suction. The bbadkwhdpued) MRor GhaiEly Dyg ttiee chaks €11l vgu ld 3to Toge chuck

drive 143 is, for exanple, a pulse notor. The drive 10 143 can rotate the
spin chuck l4acatzleaNlout eoniredldtatkmined flow rate.
Since the three other nozzle holders 32, 33 and 34

15 are identical to the first nozzle holder 31 in basic
structure, three resist liquids can be applied inde-
pendently to the wafer W from the nozzles N2, N3 and N4.
Thus, the resist-coating apparatus 13 can coat the
wafer W with four different resist liquids.

20 Two tubes 35a and 25b are connected to the nozzle
holder 31. A temperature-controlling fluid is supplied
to the holder 31 through the tube 35a and therefrom
through the tube 35b. The fluid maintains at a desired
temperature the resist liquid which flows through the

25 resist-supplying tube 41 and is eventually applied to

the wafer W from the resist-applying nozzle N1.

As illustrated in FIG. 2, a solvent-supplying tube



speeds. Gases can be exhausted fromthe center part of the bottomc%GPWé 2002
‘processi ng chanber 141 by a gas exhaust neans (not shown) such as a vacuum
- punp, which is provided outside the processing chanber 141. Resist 15
liquid and sol vent, which have been scattered fromthe wafer W being coated
with the resist liquid, can be drai ned-thraugh the drain pipes 144 into the
drain tank 145. A drain pipe 147 is connected to the drain tank 146. The
resist liquid and the solvent can be drained 20 through the drain pipe 147
fromthe tank 147, and ultimately fromthe resist-coating apparatus 140. As
seen from Fl G43518 {$@NRESEEH- 52PNy QS &Latie® B2 VR REP IYIMT i ses a
hol der 125b, four resist appl¥in nozzles NL to N4, four solvent-applying
25 nozzl es S1 AR &ke Fhgarduf nGgEIQtH€Fd§P§ 91 3 §OLFRN L FPYHKiTded i n
the casing 125a., The, resi st-applying nozzles Nl to are paired with the
Solvent - appl y O 1% BeFasBRbONtSdde Ehsr £2581% 4381 PedPRTEN oIS
constituting four anzIes un@ts. ¥he nozzle units _are held by the nozzle
&rg

hol ders 151 t FNGZELOEE LSLPPYARY. AR NBE; FEURGRAdr $O1509 SOMYFMw hel d by
t he hol 125b. The holder.5 125b.h h h I t .sh . .Th
nogzlgsqﬁa to %@P%ﬁﬁnggﬂ?ggéﬁ éiegﬁéggg'nkgﬁg§8q§ﬁ% Jéﬁgﬁﬂsﬂgﬁpéﬁgﬁaﬁﬁth
it d to t t h in.the. h ' 125a. As will
be' desori bed | er MeutredcaRot FELEBBY Ag popes ARy DSRRUBELY ¥F The

I N1 10 . ti F i ff i QUi
nozzl es N, 10 AN EESPRS" RAELY gl Slkat” SRR bR A, ) Yo e
menti oned abovg, {fle £8bsht2pBPYYRN"ARELAS ML (OIS RupeRaizeed Wi th the
sol vent - appl yi ng nozzl es 1 0 . respectively, constituting four

nozzl es uni tS'arlclrf'siﬁ@daré’n&l:bfnhgetéagt%t tARPhYZDG NPEAlies WY to N4 may be
e ho d the

hel d by the nozz | ders 151 to 154, respectively, an

sol ventr@appl yi{Wh Ozt €8 Bohr&41FRY 28 uhiaPLacedppd idaSitkOlthe holder
sol vent - appl yi ng hozzle which is 20 Secured to a cértain part of a scan arm

157a (later depcripesiignAehshewBel Behl @ndd thiche rReaZ ke rlovlgtethel hded 154
have pins 151a, 152a, 153a and 154a, respectively. The pins 15la to 154a

can be held byigihe seed BI#1dSmainZaihideatcandesrtd’2eapRide udid Waie by a
scan unit 157, in three-dinmensional fashion, nanely in X axis, Y axis and
solvent which flows through the solvent-supplying tube
45 and is eventually applied to the wafer W from the
15 solvent-applying nozzle S1.
The nozzle holder 31 holding the resist-applying
nozzle N1 and the solvent-applying nozzle S1 can be
moved from the holder 13b to a desired position above
the wafer W by the scan arm 37a of a scan unit 37. The
20 scan unit 37 is so designed that the scan arm 37a can
move in three-dimensional fashion, namely in X axis, Y
axis and Z axis.
As mentioned above, the resist-applying nozzles N1
to N4 are paired with the solvent-applying nozzles S1
25 to S4, respectively, constituting four nozzles units.

Instead, only the resist-applying nozzles N1 to N4 may

be held by the nozzle holders 31 to 34, respectively,



Z axis. In operation, the scan unit 157 noves the scan 1 6 JUL 200218 o 2002
arm 157a to any sel ected one of the nozzle holders 151 to 1S4. Thus noved,
the scan arm 157 grasps, for exanple, the pin 151a of the nozzle hol der
151. The scan unit 157 further noves the scan arm 157a to a 5 position
above the wafer Wnounted on the spin €huwk 142. The sel ected nozzl e hol der
151 is thereby positioned above the wafer W As shown in FIG 4, four tubes
155a, 155b, 156a and 156b are connected to each nozzle holder. A 10
tenperature-controlling fluid is supplied to the nozzle hol der through the
t ube 155a and aertd® GRMAHFPRIEL AQRCATEDS Thet® | 3% FA¥i RRains at a
desired tenperatuyre the resist liquid to be applied through the

resi st - appl yi F¢HGEA% BYo & it s veh hrapplying nezzle which is
tenmperature-controlljing fluid.is supplied to the nozzle | der t hrough the
t ube 156a and sﬁ?é’rréidré'% t%ﬁf&t?‘t’hép{)ﬁtbedl@éb‘? SRR ¥ g%rm ntains at a

N7zl o o the wal erSWATSTh Gy G 1 Gh SHbpt 91 TP AT LA CTFORF UGSt o Lhe. |
be: descol bed WHEH LGS, dried 4o FIESEC AR &haes hth Ry he o
(o513t SuPPl YRR U e U G SOML Rl | MaRT A I BB R
solution 2 35 AR AF, ind Qe SHats SR PR AR Sy dylallt, 2002 -
o o e T o VoL o 0L LI e R Fa e, 1 2
to one anotheno Myt @Ry Lok tihd- 4 H&HtHUNY &), for examining the
10 resist liquid supplied to the resist receptacle 51.
Connected to the probe 5la is a particle counter 52.
The counter 52 is designed to apply, for example, a
laser beam to the resist liquid in the probe 51a,
thereby to count the particles existing in the resist
15 liquid. The resist liquid can be drained from the
probe 5la through a drain pipe 53, along with the
resist liquid and solvent discharged from the drain
tank 25.
In operation, a wafer W is placed on the spin
20 chuck 22 located in the processing chamber 21. The
spin chuck 22 automatically holds the wafer W by vacuum
suction. The chuck drive 23 rotates the spin chuck 22,
whereby the wafer W is rotated. Of the resist-applying
nozzles N1 to N4, a nozzle Nx is selected to apply the
25 desired resist liquid. The scan arm 37a is moved to

the nozzle holder holding the nozzle Nx. The nozzle Nx

selected may be, for example, the resist-applying



ol the pipes 161 to 164, respectively, for detecting the anounts 01 st‘mi- 2002
‘resist liquids remaining in the reservoirs RL to R4. Punps Pl to P4 are

* provided on the pipes 161 to 164, respectively. Further, filters 10 F1 to

F4 are provided on the pipes 161 to 164, respec tively. Still further,
air-operated valves V1 to V4 are provided®®n 4 he resist-applying pipes 161
to 164, respectively. Connected to the air-operated valves V1 to V4 are
sanpling pipes 171 to 174 which branch from 15 t he resist-applying pipes
161 to 164, respectively. Each air-operated valve has two outlet ports D
and M The fi PSg236t Ndt- pdiit thiiss cafmecthal an thia riesineept9i hgepi pe,
whil e the second qutl et port. Mis connected to the sanpling pipe. 20

Usual |y, the PPRELeolitlderpotlirs IFRSRS B haddehmiFL ol dieesathes Vi to
V4 are open and the second out]et ports ML to M4 are cl osed, whereby the
resist |iqui dS3MColCt Rr G&§H %85 BR o 2Ry e 6 d’acﬁcﬁr rsi sTh@ppl yi ng

nozzles Nl to , respectively. Ta 25 count the particles in the resist

li quids, mhenégﬁyeﬁécé§s S ﬁ@éiﬁﬁﬂuﬁ%ﬂﬂl?ﬁe[ﬁ%?%%qm§¥cﬁmﬂ-%P% opened,
whereby_.the resi st liquids fl.aw through.into the .~ 6 JUL 2002 -_ 32

sanpl i ng pi pe ef?‘fefio%ﬁ?r?tr 4¢e'$£}h%} r?c%’hjtlr?éj VHIQRLSERA RRZRACar e

| ocat ed domnspéean1of the filters F1 to F4, it can be readily determ ned
how nmuch parti'cl'es have increased in nunbers in the resist 5 liquid due to

the decrease in thg.etficiency .of the filter. The sanp|i ipes 171 to 174
Rith t%elf%l%ﬁ Jbat”i&?§qpsara unsecn]{)iedlné:itio

are connected to oné€ pi pe e pIpe con Y he downstream

end to a part'%?gg i BRUNLEr c%%guf -a{:rtill% %r&ﬂetq eqfé?pcam@leé’s 1e8>91t§t9m a

i ses
particl e-detecting Section a partic I'ng section 182. The

par ti cl edet eChngn3 eCLiafnBL Maheh dd il QULE AN SENL rodbec eSSt

| i qui ds can be supplied to the partic etecting sectton 1 rom

resi st18upDl Vi,ageRl ReS sLioki a0 alRf HAVOU Ghe SATPldNG i pES. Wi Lo 174

and then through the pipe 175. The section 181 det'ects e particles in any

resist |iquidosdppkb®d,t @hel sche 3&F1IRN IShAUNLS t o P LdhES, the
section 181 has detectéd. The resist liquid is then drained fromthe 20

particle-det eghkbndogedbl PB1HE t3r Qiéﬁfaﬂﬁbe_td{ea!ﬁés(!ﬂs(@-_a&fglyﬁ&g ko én Fl G
6, a systemfor supplying a cleaning solution is provided,” opposing the

particle counfier (188. ,Thhe $¥diceBlDHYIZIRS Nk )SO| UiHedsdm sampl 749 pi pe
160, a solution reservoir RO, a nmeter LO, a filter FO, and an air-operated
val ve V0. Thegsakpsi eheshplldeim@ 1pigiel htireaxtiands papddiid tight
15 above the resist receptacle 51. The nozzle N1 applies
the resist liquid into the receptacle 51 in a predeter-
mined amount. The particle counter 52 counts the
particles existing in the resist liquid in the probe
5la. After the counter 52 finishes counting the
20 particles, the nozzle S1 applies the solvent into the
receptacle 51, washing the receptacle 51 and removing
the residual resist liquid therefrom.
If the number of the particles the counter has
counted is equal to or smaller than a reference value,
25 a wafer W is placed on the spin chuck 22, and the scan

arm 37a moves the holder 31 to a position above the

wafer W. The nozzle N1 applies the resist liquid to



16 JUL 2002 - 33 resist-supplying pipe 161. The sol ution reservoi ?BRCBUIFSM
“connected to the upstreamend of the pipe 160. The tank 160 contains a

cl eaning solution, which is supplied through the pipe 160 under the
pressure of N2 S gas. The solution may be forced through the pipe 160 by
means of a punp, not by the pressure of N gas. The neter LO, the filter FO
and the valve VO are provided on the sol ution-supplying pipe 160, in the
order nmentioned fromthe upstreamend of the pipe Z60. 10 The nmeter LO s
provi ded to detect the anount of the cleaning solution remaining in the
reservoi rs ROtIEheafian & whdGh imesigiring. filf cthoutupeeriefetherom the

cl eaning solution., The air-operated valve VO has two outlet ports DO 15 and
MD. The secon®agiticdespdhie MYt b hatt@N1ed hs [HrRaues thaathe, the
first outlet ports DO is gpened and the second outlet port MOis closed. To
supply the cl E&FETETSS i3 101R 1 bR AT ifee 170t t?@"(’?}s@r‘a\ﬁ%‘ﬁ%@ ports
D1 to D4 are clgsed ag__g]the second outl et 20 ports I\% to M4 are opened,
wher eby the cPEEFS FORUGTH T4 6R2 19 RPRAIATYT el HANET 7S eRRi on 181

|
f th i cl 0 th h th i , i h d f th
O e 87 L1l SSRUnLS 10 AN ey P SIS, oRES5l 1y g O, L he
i ncor por at ed 1.1 tttp]%_l_ﬁlgl%aerl; |ﬂbe- d r?cé}i)ﬂsqiczéas(c:é’lsc %18%1!%.5%%‘?‘93@ with the

cl eani ng sol ution. Ccleaning sol utl fromthe
section 181 thr he draj ~ e i 74. To ly the
resist liquid t %lf%%gltswa%foer ohrf3 % hoeps eslg%%nlocrhuucrktﬁgéﬂ%é:so%?%eaﬂ%z%?ggﬁll, for
exanpl e, the r t i | CHL auihe reservagir RL 5 via
the neter L1. Q&hn%ﬁaéc%egﬁ% @%He;e}lsnoaé sé%%aji]lcdllésg S%Qplpﬁlergftgﬁt eé val ve V1,

the punp P1 syppliisgs 1tih& jfesist liquid to the valve V1 through the filter
F1. At the same time the T1rst outlet port D1 of the valve VI is opened,

wher ebygthe resi st anyaynd icy SSRPId@b A0 dd B I iy i) YL RLs PRELLHL tO
the nozzle N1 via tkrlllgqresi st -suppl yi ng gzlpel 1615_1%”?11’?%22' e le appltl:es t he

resist |iqui dngQ trbe \Walatip1W Rl kA e BPIE I USK th2 nd¥d BE RbEq&LSi St
liquid has been applied to the wafer Win the prescribed anmount, the first

outl et port D329f mh§ bRe cedinertéld it d asRtkcel el R HRL dEfvsed he resi st

liquid fromthe reservoir RL so that the resist liquid nmay be supplied to
the nozzl e Nlrasdsway ik iapp! i dhid hies e omfeey e Biaard esbwt3taquid is

applied fromthe other 20 resist-applying nozzles N2, N3 and N4, exactly in
the sane way asviesomhiehaazesliesthapfdy il badz e Nhhe holder 13b at
15 the same time the alarm device generates an alarm, and
grasps the nozzle holder 32 and moves the same to the
position right above the resist receptacle 51. Then,
the nozzle N2 applies the same resist liquid into the
receptacle 51 in the prescribed amount. The counter 52
20 counts the particles existing in the resist liquid in
the probe 5la, to determine whether the resist liquid
should be applied to a wafer W or not. While these
steps are being carried out in sequence, the operator
may repair the resist-supplying system connected to the
25 nozzle N1 and including the filter 42 and the resist-

supplying mechanism 43, thereby reducing the number of

particles existing in the unit amount of the resist



How the particles in the resist liquid are counted in the resist- coélanUL W
apparatus 140 will be explained, with reference to the flow chart of FIG

- 7. 25 To count the particles existing in the resist liquid flow ng through
resi st-supplying pipe 161, a count-starting signal is supplied to the valve
V1 after 1s ~a~ Zoo2 - 35 the punp P3 has drawn the resist liquid
fromthe reservoir RL via the neter L1, and the second outlet port ML of

the valve V1 is opened (Step ST1). The resist liquid is thereby supplied
fromthe secon ,5 o tlet % ML to the rt| Ie det ecting secti.on 181 of

the particle ¢ ugh tRe 83 ?nﬁ plpgeT?T'aﬁgetﬁ@Sd1 s 175.

Th t 181dttth tI th t | d (St
ST2)  “Ther caf (694 C 1 Saei o ic “bik 64 5EobBSHc 36 Bk o, “and the

PL d h h RL,(Step ST3).. In ord
o hohi eve: accll St H GOUHY b1y phie) (FRere ﬁ%g%f%g hé %ﬁst Sy ed up

with the resi liquid supplied fromthe reservoir . is therefore
desired that the 15 sequence of Steps ST1 to ST3 be carrled out several

tines. Upon compl etiign GlnfifefOUNLE NOnOT 01 LLELeS i hiCaEBaak g 44 O 19

drained Tromthe pipe 1 e particle ion

(particul arly. o 10, 20,00 1621 1FeLbAe081108 59URTELNLBG1RS,CLERRed More

precisely, the second outlet port MO o |roperate vaI O provi ded

on the soluti I e S d T I I i
solution is tﬁgfgﬁgpé%%%?T@%@fgifﬁ%épéf??gﬁeé§%?§2§|ﬁgdseggfg%e?gf@gs under

the N2 gas pr & ihrough the filter FO, the second outlet port MO of
t he val ve VO and the pi pe 175. The pipe 157 and the section 181 are cl eaned

with the .~ 6 ~u1R202 taldbs @k@aéwﬂtéﬁlyﬁlanc&%fae%éhy Weay
conpl etion of the cleaning, the second port MO of the air-operated valve VO
is closgd (Stepindto douk®Utlie theroicies! €8i6Kingi N tRet Resigsl St
liquid in the probe 51l1a, the counter 52 need not be
operated every time the apparatus 13 coats the resist
liquid on a wafer W. Rather, the counter 52 may count
particles every time the apparatus 13 finishes coating
15 of the liquid on a prescribed number of wafers W, or
may count particles at regular intervals of several
hours or several days.
As can be understood from the above, the amount of
impurities (e.g., particles) contained in any resist
20 liquid can be detected before the resist liquid is
coated on wafers W. This ensures to form a high-
quality resist film on a wafer W, which helps to
provide a flawless circuit pattern on the wafer W.
Since the resist receptacle 51 is located outside
25 the processing chamber 21, it is always away from the

wafer W placed in the chamber 21. The resist liquid

would not contaminate the spin chuck 22 provided in the



51iquid flow ng through resist-supplying pipe 162, a count-starting\gpgﬁﬁ‘rzmn
is supplied to the valve V2 after the punp P2 has drawn the resist liquid
*fromthe reservoir R2 via the neter L2, and the second outlet port M of
the valve V2 is opened (Step ST7). The 10 resist liquid is thereby supplied
fromthe second outlet port M2 to the par@bcl e-detecting section 181 of the
particle counter 180 through the sanpling pipe 172 and the pipe 175. The
section 181 detects the particles existing in the resist liquid (Step ST8).
15 Upon conpl etjion of the counting of ,particles, .the secqnd outlet port M
of the air-opetd Qaébe whiie EﬁﬁsiagPSgebSS%Q}PgNé%PP%HﬁEif1¥%ﬂ | et
port MO of the air-operat;d val ve YO nDunteg on the piﬁe 0 i§¥fpened
(Step ST10). FFTher2RReY baPt PRFE-Bet BEP hHGC20S5EELRGH®1SL “(pdd i cul arl y,
the optical cell) of the cpunter 180 ig _cleaned, (Step ST11). Upon

conpl etion of ¥h V%T%aﬂ?%g?l?ﬂédséEBWdaﬁprl@@ S%WPhEOaliﬁéﬁﬁPékéa“vafve VO
is closed (Step,ST12), . T { ¢l hn e sist liquid fl.ow t hr ough
25 resist-supp yin%tp}%éaﬁ%ggééggtﬁéni géggtg “ahdc<¢ 33?3& é éﬁ%éﬁﬁls to

OTLS) o Tpi S SV AT LRGSEOR LR LR LRCLIEUR Shalh B 1 oD
resist | quid {1 o g 10rouoPay esbstsaURBLY LBOLAEPRo1G4 g et agt ed and

counted, in the way as se exIsting in the resist Iiqui ow ng

t hrough t he pipe; Tq resists; hi gyikd : OW t hreo r.esi
suppl yi ng pi pe@gﬁ%%asl(%?,%%;g%%éléh gggdéﬁgéﬂgquabjggc#g% Hﬁb%t r(;%st!@st

particl e- countj g Pf 95LSSma M1 &P Qﬁ&eﬁhép?@hﬁ&adwaﬁgmav%atf*&ef 1ddey can

automatically be subjected to t he process I n any other order and at any 10

desired intervalsncéd o ACELIPBIRE HbiA BB SREI BhhABe$e@YeRee tHLFAMR St or ed
in a nmenory. Wienever the nunber of the particles counted is gredter than a

referenge val Uehudlt 2 Arvecigys&eth80hosheyn) 3pensr abastan falod MhelS The
sol ution-supplying systemincluding the sol ution-supplying pipe 160 can

cl ean bot h t hepfddes slifhg adilathber parti cl e-det ecting section 181 whenever
necessary. The resist hardly remains in the optical cell of the section 181
or contamn nates thelSeglhié atad8lwh@be ThRepaebisterecuptac1&86G1cds t herefore

accurately count the particles which exist in the resist liquid fl ow ng

coupled to the holder 13b, the scan arm 27a need not
move the nozzle holders 31 to 34 from the holder 13b to

15 a position above the resist receptacle 51. Thus, one
of the nozzles N1 to N4 can apply an amount of the
resist liquid into the receptacle 51 while any other
resist-applying nozzle is applying the resist liquid
onto the wafer W held on the spin chuck 22. While the

20 resist liquid is being applied to several wafers W, one
after another, an amount of the resist liquid to be
applied to other wafers thereafter may be supplied into
the receptacle 51 and the counter 52 counts the
particles in the liquid in the probe 5la. The resist-

25 coating can then be effected without a break.

As described above, the receptacle 51 is remote

from the holder 13b in the resist-coating apparatus 13



t hrough each of the resist-supplying pipes 161 to 164. The counter 15& iJEL m
an efficient device since it can count the particles existing in the resist
*liquid 25 flowing through a plurality of resist-supplying pipe, i.e., the
pi pes 161 to 164. The resist |liquids may have different viscosities. 16
JUL 2002 - 38 Even in this case, each-regvst-liquid can be supplied to the
particle-detecting section 181 in an appropriate anmount, provided that the
punps Pl to P4 are of the type which can supply resist liquid at a
different flow5 rates. Needl ess to_say, the punp provi ded on each
resist-supplth}Wﬁﬁﬁ?Qﬁﬁ1%ﬁuﬁﬁ@sre%iéﬂdl3quigv?6 iRethssapparagus 13,

resi st-applying nozzle in such a flow rate that the nozzle applies the
liquidin a dé§19r Fht 177 Y WBPBR 1Y 1007REe sBPUERENNRYBARGI G Spi pe
160 is located farther fromthe ga{ticle cougter 180 than the_. . .

resi st - suppl yi%f§ 5 péPPle 19 N%%2 19hROt| 8BRS oFi8i SRS 4S§Hprigd iy om t he

| 160 h i 17 h f h f i 175 d
0,500, £t e B 5, 530 AAELELorscLRRT Al nag 5% LRe RaghTs ond
b d, t i | f | yi diff t f cl i
be U2es "L S0 HLPS Bt Sl SoBBLL RS HLSESRLA PSS, O pfLeetlTS |

, f th I i SOl ut i d,i i_t.h whi ch
L S e s £ SO

the pipe 175 ang. t S ' 81 may be cleaned efficiently and thoroughly.
The particle %&&nt@?“elgfégvﬁ%&be described in detail, with reference to

FIG 8. 25 As desc@&x3¥&g¥n/%-ééﬁr€%£ﬁLgé if?yﬂggrréggsgggﬁ !gﬁs t he

particl e-detecting section 1 clre-counti Section 182. As

h in FIG 8, J - t] h 83,
:e222r|284, aﬁﬁjgﬁh%b?égh %éﬁﬁggé%.aéﬁgrﬁggeégggéﬁéﬂda?hgagg§§g$%V84 :
oppose jgach otdyeyr -orﬁﬁ}fhfeo%p'oé, & Srbog £§91@esreﬁ9%tebs kéggrlciéé,eand the

sensor 184. To cou articles 5 existing int resi I quid supplied

into the optiGaly Galre 1&ut thteh 268E 2831801 1 5qRilassr shgpmita theocel |
18S, illumnnating the particles in the resist ?qu|d. The sensor 184

detects the paHd GleRfegtusid |4 Uninated ppedgeashahesd amgldaks Wrbghthe
correspond to the particles 10 detected. The signals are input to the

particle countgaik sraigaye 182.c Idgn segt uait 18y phecesffiectbd sbgraks,
generating data representing the nunber of the
receptacle 51, for applying a solvent into the recepta-
15 cle 51 to remove the residual resist liquid therefrom.
Furthermore, a pump may be provided on the drain pipe
53 to drain the resist liquid and the §olvent from the
probe Sla.

A resist-coating apparatus 140 according to the

20 second embodiment of the present invention will be
described, with reference to FIGS. 4 to 6.

As shown in FIGS. 4 and 5, the resist-coating
apparatus 140 comprises a casing 1l25a, a processing
chamber 141, a spin chuck 142 a chuck drive 143, drain

25 pipes 144, and a drain tank 146. The chamber 141, the
chuck 142, drive 143, pipes 144 and tank 146 are

provided in the casing 125a. The spin chuck 142 is



particles the sensor 184 has detected. When the |aser beamis appliehst‘é)uL 0
“the resist 15 liquid in the optical cell 18S, the resin conponent of the
“resist liquid emts light. The light emtted fromthe resin conponent

| owers the accuracy of counting particles which have a size |less than, for
exanple, 0.25 um |Influenced by this |+gh28 the sensor 184 20 nmakes counts
a, b and c of particles having sizes less than size L, which are greater
than the nunbers of the particles of these sizes actually existing in the
resist liquid, as is seen fromFIG 9. (The shaded region in FILG, 9

i ndi cates t he ReRIEed heh s ofhambenslplovi Bo. ghugkndeivet dd8 g&rticl es,
due to the light fromthe resjn conponent.L Thus, the sensor 184 cannot
accurately courRCPEq iReEVWnble nghamBereltbss Thandraip pipesodd4 axe size
L. As can be underg%qfd,fron1FlG. 9, tFe ﬁensor 84 cgn make accurate
counts d, a arRFVHfed nEn pliei RPEECRARE NG %iiﬁémé?Eaﬁ L eRdnceppecitechot

i nfl d by the 5 |ight enitt h ' ’ t of the resist
| Tqui . Ther oSt &% I THnE 80E L4 Gonabre 1630 kukaE OF AARSCEFoS8 AR ol os

whi ch have a sj,ze ual r greater than L may be used to determ ne
mhether%%r nottQ%e ﬂ%@?%%o%?QUid contain an excessive nunber of 10

icles, [ f . ' hayi [ I h L.
The. threshol d part 1 ate o2 PhRBARE SR BhetuRa"SP B BRBEsR Buia
ined. Thus,t PQot Ll e-counti i 182 f
o acessi ng  hetSi el ARLEL adF Lo On 7 PREME EaRRuBR, L aRBCE R Iged in

accordance w thy e WAe ¢4 ba 891 Shol LAULE afBDET FAbY. BALILALEY assure

so-called "logarithmc normal di st ution” I nterns of théir sizes.

smal | er the|xggi¢ge¥%?tf§,gfgﬁléﬁaﬂgf@?rag%u{ggnhokérgomgﬁﬁtB?&%@pre

necessary to count snall particles i'h resi rquid, as \ as large ones,
in order to defgef e AcGAkSt €hy wfﬁg@ﬁu@k 0% alaevgggahg eemgbfiﬁ.ehoo

many particles. If the counts a, b and c the sensor 1 makes of particles
having sizes |gsseddan @as&d Z8ah BEdeXhheS a8 eribh! HRACEEANLY L PR SH

emtted fromthe resin conponent of the resist liquid are not

the bottom of the processing chamber 141 by a gas-
exhaust means (not shown) such as a vacuum pump, which
is provided outside the processing chamber 141. Resist

15 liquid and solvent, which have been scattered from the
wafer W being coated with the resist liquid, can be
drained through the drain pipes 144 into the drain tank
145. A drain pipe 147 is connected to the drain tank
146. The resist liquid and the solvent can be drained

20 through the drain pipe 147 from the tank 147, and
ultimately from the resist-coating apparatus 140.

As seen from FIG. 15, the resist-coating apparatus

140 further comprises a holder 125b, four resist-
applying nozzles N1 to N4, four solvent-applying

25 nozzles S1 to S4, and four nozzle holders 151 to 154,

all provided in the casing 125a. The resist-applying

nozzles N1 to N4 are paired with the solvent-applying



consi dered, as nentioned above, it wll be inpossible 1 6 JUL 2002 46 4L 2002

to correctly determ ne whether the liquid contain an excessive nunber of
“particles. In the present enbodi nent, the sensitivity of the sensor 184 is
reduced. As a result, the counts it 5 nmakes of relatively snmall particles
are less influenced by the light emtted fygomi he resin conponent of the
resist liquid, as is illustrated in FIG 10. It is only the particles
having a size less than size L' which is less than size L. The size L' is,
for exanple, 10 0.16 um The sensitivity of the sensor 184 nmay be reduced
to the sensitiupegles 8ét sot Sgar trieslpes thand Ing & visAsl wouiang tHowr great er
than 0.16 ,um Although the counts a' to f' the sensor 184 nmkes of the
particl es overnpReleft kndtsang&@hef neized earunirtd arxe/digld defucee nszzhey can
be corrected on the basis of the counts the sensor 184 nmkes of particles
exi sting in a hpddrastlble§oi A5the resmasdiivedy. 18He swar ks huldenat er,
whi ch contains _nothing which emts |ight when the | aser beamis applied to
the 1iquid. 201P% £8 RABWATEnEELoarti dines Nodemadeoh { The Mo 14RE he esi st
liquid in tw distinctive manners, as is illustrated in FIGS. 11A and 11B.
If the particl &42PnBRrEatBEoNGNPOLESad "Hoih A )rl GTheL Ao Htas Bl pkP haps
because the resist liquid in. the reservoir has 25 been caqontam nated or
because any deVﬁc@degngBe§4oﬁr?h ist - VP YIRS urR2FBns. In

t hi t, the, resist-coati tus 140 nust be st d .16 JUL 2002
42 i mredi at BEGD ARE BBBPOBTAaFeTRRRELS, SHS Y YTk AP I PR e e

nb f tcles, Lf th i Gl J adual | in FIG
pumer O P2 LELRul b8 SheR e e e g kv, (1,
Sl LSUBPLY BB bt BRKEPSSATA G ST She Gl Bl BB, 52,
b o pch h I Gl i . . i
P 1o 895 | 0o e EHSRIOR NS AL BRI Pt N L PAD SN e

control s the r@ﬁé?{a%??ét BBgagggi'gglezéﬁJ WG, e 1d R t%lqee ‘r’\%‘fht he

nunber of the par es coun e sensor 184 exceeds t erence
val ue. The presgtki pygntion is not limted to the 15 enbodi nents descri bed
above. Rather, various changes

As mentioned above, the resist-applying nozzles N1

to N4 are paired with the solvent-applying nozzles S1

15 to S4, respectively, constituting four nozzles units.
Instead, only the resist-applying nozzles N1 to N4 may
be held by the nozzle holders 151 to 154, respectively,
and the solvent-applying nozzles S1 to S4 may be
replaced by a single solvent-applying nozzle which is

20 secured to a certain part of a scan arm 157a (later
described).

As shown in FIG. 5, the nozzle holders 151 to 154
have pins 151a, 152a, 153a and 154a, respectively. The
pins 15la to 154a can be held by the scan arm 157a.

25 The scan arm 157a can be driven by a scan unit 157, in
three-dimensional fashion, namely in X axis, Y axis and \

Z axis. 1In operation, the scan unit 157 moves the scan



and nodi fications can be made. For instance, the resist-coating appggajuus 2002
according to the invention may have only one resist-applying nozzle.

" Further, the piping systemfor supplying resist |liquids and cl eaning 20

solution is not limted to the one shown in FIG 6. Still further, the
resin liquid may be applied to LCD gl ass 3sobstrates, instead of
sem conduct or wafers W Additional advantages and nodifications will read

ily occur to those skilled in the art. Therefore, the 25 invention in its
broader aspects is not limted to the specific details and representative
enbodi ment s sHdlh BhiR de3 3nbhetr kefeed. onecof diingl yozghei Badders185jug 2aQ@
- 43 nodifications may be nmade wi thout departing fromthe spirit or scope
of the generaltq Mt i VENYDMERYRD astBRf Py %?mtg%7a%ﬁéﬁﬂéd €P&i ns and

t heir equival ent. 16 JUL 2002 - 44 CLAIMS 1. An apparatus for coating a
filmon a sub<¥aiRtSy thipiBihgl 312 0afi Ry | nees e rhekilar| L8di d- ABBI ying 15
QU 0- appl yi FATBHIGTE 1677 S SAHG TRESToBRS e 1 qHFD: L5/ AetBeri ng devi ce
Lo, det Scl1 19 LIBUILL <920 SO0l 0Ed, ) MG o ana tLoutdy & LSt bl pe

142. The selected nozzle holder 151 is thereby

positioned above the wafer W.

As shown in FIG. 4, four tubes 155a, 155b, 156a

and 156b are connected to each nozzle holder. A

10 temperature-controlling fluid is supplied to the nozzle
holder through the tube 155a and therefrom through the
tube 155b. The fluid maintains at a desired tempera-
ture the resist liquid to be applied through the
resist-applying nozzle to the wafer W. Similarly, a

15 temperature-controlling fluid is supplied to the nozzle
holder through the tube 156a and therefrom through
the tube 156b. This fluid maintains at a desired
temperature the solvent to be applied through the
solvent-applying nozzle to the wafer W.

20 A system for supplying resist liquids to the
resist-applying nozzles N1 to N4 of the resist-coating
apparatus 140 will be described with reference to
FIG. 6. FIG. 6 shows not only the resist-supplying
system, but also a counter for counting particles

25 existing in the resist liquid and a system for supply-

ing a cleaning solution.

As seen from FIG. 6, four resist-supplying pipes



a 'second pi pe connecting said source of the coating liquid to said 46 JuL 2002
~detecting device; and 25 a switching device provided on said first pipe,

- for switching supply of the coating liquid between said |iquid-applying
menber and said detecting device. 2. An apparatus according to claim1,
further conprising a cleaning unit for-cl 8ani rg a passage extending from
said switching device and said detecting device, through which the coating
liquid is supplied. 5 3. A coating apparatus conprising: a coating section
for coating a resist liquid on an object; a resist liquid source for

suppl ying the Fekisi62iqlfd apdsifd asst rrgnestedont PO & &Gty yi ng
pi pe for supplying the resist liquid fromsaid resist liquid source to said
coating secti ofeS1s4gapRLYdngonozatesaNdakfl Nig pinge atr dheh&atiemErdi d

resist supplyin i pe; 15 a valye provided at a node of said sanpling pipe
and said resis?-sgﬁg+§Fnﬁe§?5ﬁ?lF6ngmﬁthiﬁ ?ngﬁﬁloFQﬂR?QiﬁﬁQ#b'quuid
bet ween said coating section _and said sanpling.pipe; particl e-counting
devi ce for counting%%%rf?%f%E'EBPBiV%PHnQLPﬁstHglrégi3@4IFHU?H“%uppIied

from sai lin | pe; an
om sa 9 Sanpparglféfetoabge another. Meters L1 to L4 are mounted

on the pipes 161 to 164, respectively, for detecting
the amounts of the resist liquids remaining in the

reservoirs R1 to R4. Pumps Pl to P4 are provided on
the pipes 161 to 164, respectively. Further, filters

10 Fl to F4 are provided on the pipes 161 to 164, respec-
tively. Still further, air-operated valves V1 to V4
are provided on the resist-applying pipes 161 to 164,
respectively. Connected to the air-operated valves V1
to V4 are sampling pipes 171 to 174 which branch from

15 the resist-applying pipes 161 to 164, respectively.
Each air-operated valve has two outlet ports D and M.
The first outlet port D is connected to the resist-
supplying pipe, while the second outlet port M is
connected to the sampling pipe.

20 Usually, the first outlet ports D1 to D4 of the
air-operated valves V1 to V4 are open and the second
outlet ports M1l to M4 are closed, whereby the resist
liquids flow through the pipes 161 to 164 to the
resist-applying nozzles N1 to N4, respectively. To

25 count the particles in the resist liquids, whenever
necessary, the second outlet ports M1l to M4 are opened,

whereby the resist liquids flow through into the



neans for supplying the cleaning solution to said particle-countiﬁbsdgﬂiap?
4. An apparatus according to claim3, wherein 25 said particle-counting

* device has a particle-detecting section and a particle-counting section for
counting only particles other than those which said particle-detecting
section has detected fromlight emtted f3@mresist liquid. 5 An apparatus
according to claim3, wherein said particle-detecting section has such a
sensitivity 5 as to detect particles having a size equal to or greater than
0.16 a m 6. An apparatus according to claim3, further conprising a filter
provi ded on sai3NRENEGRRADI §T hgtBi pétanderpestdyedyst r SN e node of

said sanpling 10 pipe_and said resjst-supplyin i pe. coati appar at us
conprising: a YHhe ke ibh 26 LBSAFRY QOF"@gFgf‘:‘aF‘i 83 (‘}%@n éﬁ-t@%p%ct ; ~
6 JUL 2002 - 46 a resist liquid source. for, suppl.ying,the resist 15 liquid
Lo sai d coati iyt StRtibn: 1t GRArP; Foeotl¥epEEEDABERyNRY AHGRs for supply
ing the resist liquid fromsaid resist Liquid source églsaid.cqgting

section; a m!ﬁéﬁﬁ_ o %%ﬁ%lfﬂ@rﬁ?ﬁgg bPaHBWEﬁrFr6ﬁ1 °d TEF LSt
nodes o Sai & SOHES %I FRcth YReteABehANdthRe LS PR TR I yi ng
pi pes on the(¥{¥¥erpach for switching supply
The sampling pipes 171 to 174 are connected to
one pipe 175. The pipe 175 is connected at the
downstream end to a particle counter 180. The particle
10 counter 180 comprises a particle-detecting section 181
and a particle-counting section 182. The particle-
detecting section 181 has a light source and a sensor.
The resist liquids can be supplied to the particle-
detecting section 181 from the resist-supplying pipes
15 161 to 164 through the sampling pipes 171 to 174 and
then through the pipe 175. The section 181 detects the
particles in any resist liquid supplied to it. The
section 182 counts the particles the section 181 has
detected. The resist liquid is then drained from the
20 particle-detecting section 182 through the drain pipe
147.
As shown in FIG. 6, a system for supplying
a cleaning solution is provided, opposing the particle
counter 180. This system comprises a solution-
25 supplying pipe 160, a solution reservoir RO, a meter LO,
a filter FO, and an air-operated valve V0. The

solution-supplying pipe 160 extends parallel to the



of "the coating liquid between said coating section and 25 one sanpl{§giuL 2002
‘pi pe; a neasuring pipe to which said sanpling pipes are connected; a

" particle-counting device connected to said nmeasuring pipe, for counting
particles existing in the resist liquid supplied fromeach of said sanpling
pi pes; and 5 means for supplying the cl-eadi3ng-solution to said
particle-counting device through said neasuring pipe. 8. An apparatus
according to claim7, wherein said particle-counting device has a
particle-detecting section and a particle-counting section for counting 10
only particl est®?het-$RERLYABFePiREcH 6dai d Ther siodlud iger easary SiectRbn has
detected fromlight emtted fromresist |iquid, ~ g ~UL 2002 - 47 9. An
appar at us accok®li fgneectedi kP~thghupsitress @nsacti dhe ddrectitfy séB® on has
such a sensitivity 15 as to detect particles having a size equal to or
greater than OtABKELGP dONtAANSpBaFdLRS 1AGSPdiutd oo #Idich 35 furt her

conprising a plurality of filters prqvid on sai d resist-supplying. pipes,
respectively, %Yﬂplb%%t EErEBg pE?‘FeQH’P@f Qe UnGGes the Lhss Ic?fng"%)i pes

on the one hand, and 53l dsLe3EhnSHRY Ke"FoHRE Bkt P pigSsPegt ! Vel v:
by means of a pump, not by the pressure of Ny gas. The
meter LO, the filter FO and the valve V0 are provided
on the solution-supplying pipe 160, in the order
mentioned from the upstream end of the pipe 160.

10 The meter L0 is provided to detect the amount of
the cleaning solution remaining in the reservoirs RO.
The filter FO is designed to filter out particles from
the cleaning solution.
The air-operated valve V0 has two outlet ports DO
15 and M0. The second outlet port MO is connected to the
pipe 175. Usually, the first outlet ports DO is opened
and the second outlet port MO is closed. To supply the
cleaning solution through the pipe 175, the first
outlet ports D1 to D4 are closed and the second outlet
20 ports Ml to M4 are opened, whereby the cleaning
solution flows to the particle-detecting section 181 of
the particle counter 180 through the pipe 175, passing
the nodes of the pipe 175 and the sampling pipes 171 to
174. The optical cell and the like incorporated in the
25 particle-detecting section 181 is cleaned with the
cleaning solution. The cleaning solution is discharged ‘

after use, from the section 181 through the drain



11° A coating apparatus conprising: a coating section for coating avt8siUit 262
‘liquid on 25 an object; a resist liquid source for supplying the resist
liquid to said coating section; resist-supplying pipe for supplying the
resist liquid fromsaid resist liquid source to said coating section; a
sanpling pipe branched from said resist- 53upp! ying pi pe; a valve provided
at a node of said sanpling pipe and said resist-supplying pipe, for
switching supply of the coating |iquid between said coating section and
said sanpling pipe;, and 10 a particle-counting device for counting
particles exi sPiB§ dA4the resist liquid supplied fromsaid sanpling pipe,
said particle-counting device having a particle-detecting section and a
particle-counting Te8apply 2bgoressst dd@uish tortheomaisy Wwrey Baeticl es
ot her than those 15 which said particle-detecting section has detected from
light enitted FPé&M FBYFKt 1ARqdiram the A9zzdgamdt.ufose @ralimket e ai m 11,
wherein said particle-detecting section _has such a sensitivity as to detect
particl es havi R§PR BilzE8raygathfor&sisd Jriginidr fesh theigresggvair R

apparatugs according to claim11, further
PP ? vga ghe meter L&. When a resist-applying signal is

supplied to the valve V1, the pump Pl supplies the
resist liquid to the valve V1 through the filter F1.
At the same time the first outlet port D1 of the valve
V1l is opened, whereby the resist liquid is supplied

10 from the first outlet port D1 to the nozzle N1l via the
resist-supplying pipe 161. The nozzle N1l applies the
resist liquid to the wafer W held on the spin chuck 142.
After the resist liquid has been applied to the wafer W
in the prescribed amount, the first outlet port D1 of

15 the valve V1 is closed. The pump Pl draws the resist
liquid from the reservoir Rl so that the resist liquid
may be supplied to the nozzle N1 and may be applied to
the next wafer W.

The resist liquid is applied from the other

20 resist-applying nozzles N2, N3 and N4, exactly in the

same way as from the resist-applying nozzle N1.
How the particles in the resist liquid are counted

in the resist-coating apparatus 140 will be explained,
with reference to the flow chart of FIG. 7.

25 To count the particles existing in the resist
liquid flowing through resist-supplying pipe 161, a

count-starting signal is supplied to the valve V1 after



conprising a filter provided on said resist-supplying pipe and | ocatyegl JuL 2002
*upstream of the node of said sanpling pipe and said resist-supplying pipe.
25 14. A particle-counting apparatus conprising: a particle-detecting

section; and a particle-counting section for counting only particles other

than those which said particle detectinrg gacti-on has detected fromlight
emtted fromresist liquid. 15. An apparatus according to claim 14, wherein

5 said particle-detecting section has such a sensitivity as to detect

particles having a size equal to or greater than 0.16 El m 1 8 JU Z00 49

16. A nethod otheoRePRgPh hé§i§Fa§6I%@ﬁoﬁe@ﬁﬁﬁ)k%%ﬂk%tﬂ%ﬁ@ntméing at | east

a first nozzle that is noveable froma hone position where the at |least a

first nozzle iEeFREVRLErRinBLidubher HESero Ld ir 8GN ISAGUA k1 9

position in which the at | east EHfirSt nozzle is over the substrate,

conprisi ng t heP3¥epdl oft thF HBLUPnYlt HE SPEIECat(E st Bhki alThE
Al | ovebl ¢ maxi W FE rf ETHORDLF FDRAEPYE SEEATAR el (St od | n t he
(oo ot sp) Ut on, g b cont g0 (o) pconiiolling A tlan rate of he kesiel
of sl d suppl yF PRREEELELEcROBR PR TEBRERAER Gl SR 1S (BT oLl bt
SoLut 190,10, beaas g eLer p7se! CpLBLab RN A alned i comlepeld
O CoPOnT et TGAERL NG T URELLBRIS AN (Sl Tl
Thereafter, the second port M1l of the valve V1 is
10 closed, and the pump Pl draws the resist liquid from
the reservoir R1 (Step ST3). 1In order to achieve
accurate counting of particles, the pipe 175 must be
filled up with the resist liquid supplied from the
reservoir R1l. It is therefore desired that the
15 sequence of Steps ST1 to ST3 be carried out several
times.

Upon completion of the counting of particles, the
resist liquid is drained from the pipe 175. Then, the
particle-detecting section 181 (particularly, the

20 optical cell) of the counter 180 is cleaned. More
precisely, the second outlet port MO of the air-
operated valve V0 provided on the solution-supplying
pipe 160 is opened(Step ST4). The cleaning solution is
thereby supplied to the particle-detecting section 181

25 under the Nj gas pressure, through the filter F0, the
second outlet port MO of the valve V0 and the pipe 175.

The pipe 157 and the section 181 are cleaned with the



particle counts according to the different particle dianeters and otk &iJuLngl)
*a count of 15 particles in the sanple having particle dianmeters greater
“than the reference particle dianmeter by discarding any particle counts that
correspond to particles in the sanple having particle dianeters snaller
than the reference particle dianeter; ¢e)3setting the at |least a first
nozzle to the resist coating position and supplying the at least a first
nozzle with the resist solution corresponding to the resist solution
formng 20 the sanp]e and discharging t he suaglied resi st solution fromthe
at |east a firsi®HoRH SOHELCPNESERBsETale WHBAN FEMPI&HLOSF Yfartthel es in
the sanple having particle dianmeters greater than the reference particle

di ameter is IEEE?Q¢%ﬂﬂsa?%eaf?SﬂﬁﬁlEoﬁﬁxmguﬁﬁlFﬁﬁtaﬁ6ﬁ8§PF@%ﬁﬁ(W% ve
spreadi ng the disphargeqﬂie?ist solgtion on to the substrate to thereby
coat the 25 sUfsthBielOSoEI(AFBPASEO An. A3. A A9. AA% A. Al . A% Ay. A
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sequence program stored in a memory. Whenever the
number of the particles counted is greater than a
reference value, an alarm device (not shown) generates
an alarm.

15 The solution-supplying system including the
solution-supplying pipe 160 can clean both the pipe 175
and the particle-detecting section 181 whenever
necessary. The resist hardly remains in the optical
cell of the section 181 or contaminates the section 181.

20 The particle counter 180 can therefore accurately count
the particles which exist in the resist liquid flowing
through each of the resist-supplying pipes 161 to 164.
The counter 180 is an efficient device since it can
count the particles existing in the resist liquid

25 flowing through a plurality of resist-supplying pipe,
i.e., the pipes 161 to 164.

The resist liquids may have different viscosities.
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10 The solution-supplying pipe 160 is located farther
from the particle counter 180 than the resist-supplying
pipes 161 to 164. The cleaning solution supplied from
the line 160 to the pipe 175 can therefore clean the
nodes of the pipe 175 and the sampling pipes 171 to 174.

15 Two ore more solution-supplying pipes may be used,
not one pipe only, for supplying different types of
cleaning solutions to the particle-detecting section
181 through the pipe 157. If so, one of the clearing
solutions can be selected in accordance with which type

20 of a resist liquid has been supplied to the section 181,
so that the pipe 175 and the section 181 may be cleaned
efficiently and thoroughly.

The particle counter 180 will be described in
detail, with reference to FIG. 8.
25 As described above, the particle counter 180

comprises the particle-detecting section 181 and the

particle-counting section 182. As shown in FIG. 8, the
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The sensor 184 detects the particles thus illuminated
and generates signals which correspond to the particles
10 detected. The signals are input to the particle-
counting section 182. The section 182 processes the
signals, generating data representing the number of the
particles the sensor 184 has detected.
When the laser beam is applied to the resist
15 liquid in the optical cell 185, the resin component of
the resist liquid emits light. The light emitted from
the resin component lowers the accuracy of counting
particles which have a size less than, for example,
0.25 um. Influenced by this light, the sensor 184
20 makes counts a, b and c of particles having sizes less
than size L, which are greater than the numbers of the
particles of these sizes actually existing in the
resist liquid, as is seen from FIG. 9. (The shaded
region in FIG. 9 indicates the counts the sensor 184
25 provides of non-existent particles, due to the light
from the resin component.) Thus, the sensor 184 cannot

accurately count particles having a size less than
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only those particles which have a size equal to or
greater than L may be used to determine whether or not
the resist liquid contain an excessive number of

10 particles, not using the counts of the particles having
a size less than L. The threshold particle size L
depends on the type of the resist liquid examined.
Thus, the parameters set in the particle-counting
section 182 for processing the signals generated by the

15 sensor 184 should be changed in accordance with the
type of the resist liquid.

Generally, particles assume so-called "logarithmic
normal distribution" in terms of their sizes. The
smaller the particles, the greater number of them. It

20 is therefore necessary to count small particles in
resist liquid, as well as large ones, in order to
determine accurately whether or not the liquid contains
too many particles. If the counts a, b and c the
sensor 184 makes of particles having sizes less than

25 size L and which are influenced by the light emitted
from the resin component of the resist liquid are not

considered, as mentioned above, it will be impossible
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only the particles having a size less than size L’
which is less than size L. The size L' is, for example,
10 0.16 um. The sensitivity of the sensor 184 may be
reduced to the sensitivity to detect particles having a
size equal to or greater than 0.16 um. Although the
counts a’ to £’ the sensor 184 makes of the particles
over the entire range of size are relatively reduced,
15 they can be corrected on the basis of the counts the
sensor 184 makes of particles existing in a liquid
filled in the optical cell 185, such as pure water,
which contains nothing which emits light when the laser
beam is applied to the liquid.
20 It is known that particles increases with time in
the resist liquid in two distinctive manners, as is
illustrated in FIGS. 11A and 11B. If the particles
increases abruptly as shown in FIG. 11A, this is
perhaps because the resist liquid in the reservoir has
25 been contaminated or because any devices provided on

the resist-supplying pipe malfunctions. 1In this event,

the resist-coating apparatus 140 must be stopped
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10% (& () - new ones. In whichever manner the particles increase,
the alarm device (not shown) gives an alarm to the
10 operator or the host computer which controls the
resist-coating and -developing system 1 (FIG. 1) when
the number of the particles counted by the sensor 184
exceeds the reference value.
The pfesent invention is not limited to the
15 embodiments described above. Rather, various changes
and modifications can be made. For instance, the
resist-coating apparatus according to the invention may
have only one resist-applying nozzle. Further, the
piping system for supplying resist liquids and cleaning
20 solution is not limited to the one shown in FIG. 6.
Still further, the resin liquid may be applied to LCD
glass substrates, instead of semiconductor wafers W.
Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the
25 invention in its broader aspects is not limited to the
specific details and representative embodiments

shown and described herein. Accordingly, various
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a first pipe connecting a source of the coating

liquid to said liquid-applying member;

a second pipe connecting said source of the

coating liquid to said detecting device; and

25 a switching device provided on said first pipe,

for switching supply of the coating liquid between said

liquid-applying member and said detecting device.

2. An apparatus according to claim 1, further

comprising a cleaning unit for cleaning a passage

extending from said switching device and said detecting

device, through which the coating liquid is supplied.

5 3. A coating apparatus comprising:

a coating section for coating a resist liquid on

an object;

a resist liquid source for supplying the resist

liquid to said coating section;

10 resist-supplying pipe for supplying the resist

liquid from said resist liquid source to said coating

section;
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particle-counting device.

4. An apparatus according to claim 3, wherein
25 said particle-counting device has a particle-detecting
section and a particle~counting section for counting
only particles other than those which said
particle-detecting section has detected from light
emitted from resist liquid.

5. An apparatus according to claim 3, wherein
said particle-detecting section has such a sensitivity

5 as to detect particles having a size equal to or
greater than 0.16 um.

6. An apparatus according to claim 3, further
comprising a filter provided on said resist-supplying
pipe and located upstream of the node of said sampling

10 pipe and said resist-supplying pipe.
7. A coating apparatus comprising:
a coating section for coating a resist liquid on

an object;
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said sampling ‘pipes on the ¢dne hané)énd said resist-

supplying pipes on the other, each for switching supply

of the coating liquid between said coating section and
25 one sampling pipe;

a measuring pipe to which said sampling pipes are
connected;

a particle-counting device connected to said
measuring pipe, for counting particles existing in the
resist liquid supplied from each of said sampling
pipes; and

5 means for supplying the cleaning solution to said
particle-counting device through said measuring pipe.

8. An apparatus according to claim 7, wherein
said particle-counting device has a particle-detecting
section and a particle-counting section for counting

10 only particles other than those which said particle-
detecting section has detected from light emitted from

resist liquid.
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comprising a plurality of filters provided on said
resist-supplying pipes, respectively, and located
20 upstream of the nodes of said sampling pipes on the one
hand and said resist-supplying pipes on the other,
respectively.
11. A coating apparatus comprising:
a coating section for coating a resist liquid on
25 an object;

a resist liquid source for supplying the resist

liquid to said coating section;

resist-supplying pipe for supplying the resist
liquid from said resist liquid source to said coating
section;

a sampling pipe branched from said resist-

5 supplying pipe;

a valve provided at a node of said sampling pipe
and said resist-supplying pipe, for switching supply of
the coating liquid between said coating section and
said sampling pipe; and

10 a particle-counting device for counting particles
existing in the resist liquid supplied from said
sampling pipe, said particle-counting device having a

particle-detecting section and a particle-counting
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comprising a filter provided on said resist-supplying
pipe and located upstream of the node of said sampling
pipe and said resist-supplying pipe.
25 14. A particle-counting apparatus comprising:

a particle-detecting section; and

a particle-counting section for counting only

particles other than those which said particle-
detecting section has detected from light emitted from
resist liquid.
15. An apparatus according to claim 14, wherein
5 said particle-detecting section has such a sensitivity
as to detect particles having a size equal to or

greater than 0.16 um.
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the substrate to a resist solution coating position in which the at least a first nozzle is
over the substrate, comprising the steps of:
5  (a) holding the substrate substantially horizontally;

(b) determining a reference particle diameter and an allowable maximum limit number
relative to particles to be counted in the resist solution to be coated;
(c) controlling a flow rate of the resist solution to be coated through a supply passage in
communication with the at least a first nozzle and forming a sample of predetermined

10 size outside of said supply passage based on the controlled flow rate of the resist
solution to be coated before said resist solution is used to coat said substrate;
(d) irradiating the sample with light and detecting scattered light components indicative
of particles having different particle diameters being present in the sample to obtain
particle counts according to the different particle diameters and obtaining a count of

15 particles in the sample having particle diameters greater than the reference particle
diameter by discarding any particle counts that correspond to particles in the sample
having particle diameters smaller than the reference particle diameter;
(e) setting the at least a first nozzle to the resist coating position and supplying the at
least a first nozzle with the resist solution corresponding to the resist solution forming

20  the sample and discharging the supplied resist solution from the at least a first nozzle on
to the substrate when the count of particles in the sample having particle diameters
greater than the reference particle diameter is less than said allowable maximum limit
number; and
(f) spreading the discharged resist solution on to the substrate to thereby coat the

25  substrate.



