TI TLE OF THE | NVENTI ON METHOD AND APPARATUS FOR COATINQ%@A@“;NLEEEAN ECT
BEI NG PROCESSED BACKGROUND OF THE | NVENTI ON 5

invention relates to a nethod of coating a filmon an ogaﬁﬁg ?f h@ S a
serm conductor wafertor an LCD substtate, an apparatus f a filmon
__such an object, and an apparatus for countl?g particles exgﬁﬁigg In Ahe
-coating liquid. 10 In the manufacture of a semc

acircuit pattern is formed by means of so-called photolithography. {The’ '
phot ol i t hography conprises the steps of: coating a photoresist on a

sem conduct or wafer, exposing theI1iE @rIHE INVENTION by using a 15

phot omask, and devel oped t he photoresi st thus exposed to light. In the

phot or esi st - coaMETHON apiD APRPARAIUS HOR|WEATING[FPIHIEM @N tAN tdBIROSNt er

part of the sem conductor wafer &/on1a nozzl e | ocated above th&wafer,

while the 20 BEANGe PROCIEGSED av¥ spi n chuck is spinning at high speed. The
resist liquid thus appliet spread by virtue of the centrifugal force the
waf er exerts while spinning. ABAGKEBOUND, OF THE| ENVENFEONavi ng an uniform
thickness is formed on the entire surface of the sem conductor wafer. 25
The seni cdnduct or waflde Enasate invgntion |1lad@edom methpd @ ected to

heat treatnent, |ight- exposure, devel opnent and etching. A circuit pattern
-2- coating a film on an object such as a semiconductor

wafer or an LCD substrate, an apparatus for coating 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

9900947 -4

22 FEB 199



I's thereby fornmed on the sem conductor wafer. The circuit pattern may not
be a desired one if the resist filmcontains particles. To forma resi st
filmcontaining as few particle 5 as possible, a filter is interposed
bet ween the nozzle and the resist liquid source to filter out particles
fromthe resist liquid. The efficiency of bhe_filter gradually decrease
with tinme. Hence, the filter may fail to filter out particles after a | ong
use. Unless 10 the filter is replaced with a new one, nany particles
wWill remain in the resist liquid. To decide whether or not the filter
shoul d be repl atedthéxrébyn femmeneoni the sserbesndugtan wiefer ni MBhéow nuch
the efficiency of the filter has decreased. 15 To this end it is

requi red that théreaitipatkerm may netibe &idpsired erantibdtiefveeishe
liquid is applied to sem conductor wafers. It is proposed that the particle
count ers comer i Hn| gortaingpParbicl8ed to count the particles in the
resist liquid. 20 Here arises ,a problem_  The conventiona

particle counters artodERFBnadrediebubi lPFentawdingasi Ry iParbiEdPscosity

i qgui ds such as pure ter and_hydrofl|lu-. oric acid, not to count particles
5 i grvi scorbrhorH N B hChLLER cbF siRTTRESE MR EIOtE TheciofelSor oo
several cP to several hundreg P. .Lf a convent%o al _particle counter is
pl aced between ?ﬂg ﬁ%?z?%shi fﬁ%uégn?gﬁﬁﬂ%cY%r ﬁéh%ﬁ Ay RREWFFSa 1 ong

time to count o -3 the resist liquid. The efficiency of the filter
gradually decrease with time. Hence, the 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 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 liéuid 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. If a conventional
particle counter is placed between the nozzle and the

semiconductor wafer and used for a long time to count



particles in the resist liquid applied fromthe nozzle, the resist liquid
sticks to the inner wall of the optical cell of the counter. Mich tine and
| abor are required to wash the particle counter. In view of this, 5 t he
conventional particle counter cannot be used in an in-line fashion as is
enpl oyed to count particles existing in pureywater or hydrofluoric acid.
The counter nust therefore be |located outside the |ine of manufacturing
sem conductor devices. In this 10 case, the resist liquid nust be
sanpl ed, and sanples nust be supplied to the particle counter. This also
requi res much ti peramdleabon. thikeresnseniignall ppplietefrountbe vamade.be
used to count particles in the resist liquid, for another 15 reason.

It applies a |ighkhebeamistudihquédasktasks beathet dnaeriyald o6 &bent
particles existing in the |liquid. Wen the conventional particle counter
applies a |ight besired erdlredi shel rqunéers heMreBi §imej gnddlakpPrsareght .
This nmakes it difficult for the counter to 20 count particles in_ the
resist |iquid w ErRaaizads to wpght thenpgrticdar aeyntere EFIBUNARRYOCEFtRiE ,

| NVENTI ON The first object of the inven&ion is to provide a nethod of
coating a Pilm ofhg Sgp¥epkienal,paxtdn 25°°untBEngBn8tcB§tPﬁS | QU

- 9., ist Liquid) i lied to th bstrate f Li.qui d- appl yi
(fer Buneoe! pHutl, eSoRRBb, 39,18 ERABHRE: 3 BobbrpAg ity PPl ving

existing in pure water or hydrofluoric acid.
The counter must therefore be located outside the
line of manufacturing semiconductor devices. In 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 thé resist liquid, for another
15 reason. It applies a light beam, such as a laser beanm,
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 subst;ate, 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



liquid contains inmpurities (e.g., particles) in an anmount so large as to

| ower the yield of products to be made by using the film The second object
of the present inventionis to 5 provi de an apparatus whi ch perforns
the fil mcoating nethod described above. The third object of this invention
Is to provide an apparatus for coating & fid m-on a substrate, in which the
particles in the coating |iquid 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 firstigeddipgnkeiRddiBBYrg§héast 62adt ai HaFEEC]_L%S) in{@pst obj ect

Is a method of coating a filmon a substrate by applying a ¢oating |ljquid
to the substrat@"PBRht 29 é?rﬁefPFSF°p6§WFFoEPeTﬂé££§tﬂgdpﬁﬁﬁbFF§eg°thg

steps of: applying the coating liguid at a second position (generally known
as "dunmmy dispeﬂggﬁgg og?lnﬁoghe g%h@n") bef ore applying the coating |iquid

i qui d applied at t hEREoRSRATROSPIFER. SnClBsb eaeRE LPRERFIPRI TRoBPLi on i s
posi 1 on ey 1PBarife PR epbaBefrpoknith, bEFaRRs Ehe PELASEAREIAG,
shoul d be set iﬂ 8Ro3' 8850 ibgaoggoggg substrate, so that the coating
liquid applied ac ﬁﬂe -g-

The third object of this invention is to provide
an apparatus for coating a film on a substrate, in
which the particles in the coating 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 ceoating liquid to the substrate
located at a first position. The methbd-comprises the
steps of: applying the coating liquid at a second
position (generally known as "dummy dispensing posi-

20 tion") before applying the coating liguid 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



second position may not be applied to the substrate. To detect inpurities,
I f any, contained in the liquid applied at the second position, the liquid
may be coll ected, and a device such as a particle counter may 5 be used
to detect the inpurities in the collected liquid. As described above, the
coating liquid is applied at the second posption before it is applied at
the first position, and the inpurities contained in the 10 liquid
applied in the second position are detected. Hence, before applying the
coating liquid to the substrate it can be determ ned whether too nmany
particles exist §9FQNe POSAGLAN Mayuinet ke anplied it thy Prbsferate ed

I mredi ately before the liquidis 15 | applied in the first position, at
regul ar interval® teé’\FeaVPc“irrFé"’ter?e' 1F A i SAPFARIKRE dhridi@ r} B¥eidunber
of substrates. A second coating nethod designed to attain the first object
is a method of ARRILES & itltqﬁ %ﬁca?rég posi e IMARPR coati ng
liquid to the subﬁgigtecbpcat d at a first position, framone o

f
plurality of Iidi 355 r?é“ﬁrﬁ"rﬁ}eervs".ceﬂﬁ%c %c?dlpc%?ﬁfrr‘i : sc‘?‘ffét%]?erlbiyofa
o f SERAR . ¢ . . S Ol
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before applying {ie qpating liquid at the first position; and detecting
i mpurities contain d5i'n the coating liquid applied at - - 6-

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 liquid 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



t he second position; and noving the selected |iquid- applying nenber to the
first position and applying the coating liquid fromthe sel ected

l'i qui d-applying nmenber to the substrate, only when the inpurities are con-
5 tained in the liquid in an anount |ess than a reference value. Since
a plurality of liquid-applying nmenbers are 6ised in the second net hod, any
desired one can be selected and used to apply the coating liquid to the 10
substrate. In the second nethod, the selected quuid[appléing nﬁnber S
noved to the first position and .applies the coating liquid to the,
substrate, only SfefsCRRd r?ﬁt?r‘it-lc{)’{);esa%ﬂ' AUGH R SeteHked i biawidn an

anmount | ess than 15 . ar ferggggyy Thus, it can, be determ ned

| ue. !
whet her or not {68 FEMASH é'sittufrr?ft rPé’Sd‘&dﬂ;hg“}q (ﬁHle,YJEEHdo‘i'fﬁt hﬁ
' liquid i | trate, i n.the first. nethod. t he
mpur i es ar e GORCIRR AMAURe teH A &9tehe l‘%‘c?f?é?lxld‘%nrmb‘iﬁ%%’f or
20 h h _ i . -.appl ying nenber is no
noved tf) ?Ret f ?F??E%%E{g??g\r{l@é#%'t tﬁ:lgﬁ ogr?e%qﬁq}équlﬁggu%s&%oetgaaﬁ% i 70 the

substratesat al legifel iS At i i af SanQﬁﬁi;grlee% iev ond
object is an appgrlateus lf or coatll glqg%qul r#on a ¢ %u}‘gag{]raatlge%é}eea%g yi ng
a coating |iquiégafiyema liquid- applying nenber to the substrate | ocated at

a first position. The apparatus conprises: a receptacle -7-
Since a plurality of liquid-applying members are

used in the second method, any desired one can be
selected and used to apply the coating liquid to the
10 substrate.

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



| ocated at a second position, for receiving the coating liquid applied from
the |iquid-applying nenber; and a detecting device for detecting inpurities
contained in the coating liquid applied into the receptacle. 5
Preferably, the receptacle is | ocated not above the substrate. It nay be
one which flares at its top. The receptaclg 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 detect
the inpurities contained in the coating |liquid. The first aEﬁaratus_can
efficiently perloratedeatiatseoandnposethed, dEeerreedivbpdetheyenating
plurality of I|qU|d appl yi ng nenbers, 15 such as nozzles, are used, the
first apparatusli@eddnapphied ﬁrﬁmthﬁ|lyQQ¥dT%EEbeB9e@eBPEFheaﬁgpé
descri bed above need not be used. Only one receptacle is suffigient, in
whi ch case the gﬁbﬁ?é%ﬁg ¢§Vhﬁ?engnﬁPEecBéﬁﬁp+%Eu€?§h%?I%?HEﬁéEEd &Rd can
be manufactured at a i B herw se i rst apparatus
may have a cIeaﬁpﬁgcﬁﬁango}lgPéan?ﬂg ie a%gﬁﬁet%§tﬁﬁﬂ?ﬂ a? Bm at least the
recept a- Ie to the g ctégg devg e(t:hr gfe hi g atg gb uid is
suppl i ed. Cnce the pa% ﬁﬁ Y¢| EBReHSCRBTS AT Frge 'y 8x ni ned
previousl y remjns Lp,Lpe,passage. »Ihi ecp ar%ﬁ$6fiﬁssdsge§£goeosf. the
i mpurities cont 'n e coa I'ng |qU| now -
The receptacle may be connected to the. detecting device
by é tube, a pipe or the like. The detecting device is,
for example, a particle counter which uses a laser beam
10 to detect the impurities contained in the coating
liquid.
The first apparatus can efficiently perform the
fist coating method described above.
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
cleahing 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



the receptacle. If the coating liquid is resist liquid, it suffices to
supply solvent into the receptacle through the passage. A second coating
apparatus designed to achieve the 5 second object is an apparatus for
coating a filmon a substrate by applying a coating liquid froma |iquid-
appl ying menber to the substrate | ocated atg afirst position, conprising: a
| i qui d- appl yi ng menber for applying the coating |iquid; a detecting device
for 10 detecting inpurities contained in the coating liquid; a first
pi pe connecting a source of the coating liquid to the I|iquid-applying
nenber; a seconth@i pecepkaetei nglfhbheotpating LhauidatFngesiql 4 iayiche
detecting device; and a sw tching device provided on the first 15 pi pe,
for swtching siippfyfbiceneteotePRyy| FlvanbetNEenthRe L PFERLACAFD Vi g
menber and the detecting device. Unlike the first apparatus, the second
apparatus is deShgpeeh:bhaePa8%a9%purities in the coating liquid 20 in
so-called in-line fashion. .The |iquid need, not ,be.appl,ed fromthe
| i qui d-appl yi ng ne r?e?%?dtﬁ%aﬁbgBOQBPBFaHBFeé?FﬁgggﬂpgpiPF%&eWﬁiQhe
W t hout receptacle, the ippurities contained in the.liquid.can be
et oot ed 5 The. SBREERBPJebF Lbe na)  BRBA=S R PohPRoco8ting d, RiIR ol 4rs o
three-way val ve, cond ratu haye,a _pl.ural i of . ..
Iiquid-applyingsﬂg%gg?ggag %ﬁﬁfg%ﬁﬁisygg tégﬁt}ﬁgeﬁﬁqgfghggu}égg}dEven in
this case, 'géplying member to the substrate located at a first
position, comprising: a liquid-applying member for
applying the coating liquid; a detecting device for
10 detecting impurities contained in the coating liquid; a
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,



one pipe suffices to connect the coating liquid sources to the detecting
devi ce, and detecting device can exam ne different coating |iquids which
are to be applied fromthe |iquid-applying nenbers. 5 In the
second apparatus, too, a cleaning unit may be used to clean a passage
extending fromat |east the receptacle to ghe_detecting device, through
whi ch the coating liquid is supplied. Once the passage is cleaned, no
coating liquid exam ned previously remains 10 in the passage. This
ensures accurate detection of the inpurities contained in the coating

| i qui d now hel drien pilpe raatfbicrs eto |sonpect obhe ngeat jug dl iguidssoureegui d,
it suffices to supply solvent into the receptacle through the passage. 15
A first coatindapg detededng ey ice actnd\deteeting rdevbfeceans an

appar atus whi ch conprises: a coating section for coating a resjst liquid on
an obj ect; a r&axaning fdiffaxrrteLodbing phignhds tHelchs®E® FPgBRd to the

OO0 St o T P B P L ShaP BB NemBen. ool st T
Fhe sampid ng. pi pe. arkl (HE 1485 AL CRRFSRREE bl 560 187 LAFRLRBrOnChoBRY of
bi pe: _a. parti ol Ah Th GOV &8 RETSRBRrTT R pare | Erah aki SERAG AL he
resist liquid supplied fd qm g, SAPLLOEY #SvidEY throudR which the
coating liquid is supplied. Once the passage is
cleaned, no coating liquid examined previously remains
10 in the passage. This ensures accurate detection of the
impurities contained in the coating liquid now held in
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



means for supplying the cleaning solution to the particle-counting device.
The sanpling pipe, the valve, and the solution- supplying neans cooperate,
supplying the cleaning 5 solution to the particle-counting device to

cl ean the sanme. This prevents the resist liquid fromsticking to the inner
wal | of the optical cell incorporated in-thE)pafticle-counting device. Thus
cl eaned, the particle- counting device can be operated in in-line fashion
with 10 hi gh efficiency. A second coating apparatus designed to achieve
the third object is an_ apparatus, conprising: a coatjng, section for coating
a resist |iquid ARG B% HPPLY IRG| She | FHeRrriRY T LU F PN sERpFY® g t he
resist liquid to 15 | the coating section; a plurality of

resi st - suppl yi ndP3 L orORMHY i FGViFe resist 1iquid fan1the resi st

liquid th ti tion; | |t f [ '

br anched from the oS -SAIR Sih G hPPestnt cLpbis 3%?@?@6})?”‘3%‘5#?55-3f d
| | ded at ' | h

Ve rost str supdiuRELY Brg deans feobeFate  baukPy SLRE r Y o188 a0 0, * e

coating |i§nﬂfit§%%§#%hﬁ[§?c’ | 8&??81&9@oéﬁgiﬁgedé@¥£%!Pg £188n he

measuring pi pe to e sanpl i ng pipes are€& connec

Count  ng parti clemes e PRSI RRE e P G CREEY LhOpreRFekLib PO e

counting particles existing resist liquid sapj _
sanpling pipes; ed {Bads §911 SPPENENGptH€al c&iPaﬂhégrﬁéfgﬁéénihothee

particl e-counting device |
particle-counting device. Thus cleaned, the particle-
counting device can be operated in in-iine fashion with
10 high efficiency.

A second coating apparatus designed to achieve the
third object is an apparatus comprising: a coating
section for coating a resist liquid on an object; a
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



t hrough the neasuring pipe. In this apparatus, various resist liquids can
be supplied into the particle-counting device through the 5 sanpl i ng
pi pes and the neasuring pipe. Hence, one particle-counting device suffices
to counting the particles existing in various resist liquids flow ng
t hrough the resist-supplying pipes. Since tihhe cl eaning sol uti on supplying
nmeans supplies the cleaning solution 10 to the particle-counting device
t hrough the nmeasuring pipe, the resist liquid is prevented fromsticking to
the inner wall of the optical cell incorporated in the particle-counting
devi ce. Thus cl edeainchsdartiian &o ddmntRant isehg OWHH e dPpeke ed in
in-line fashion with 15 high efficiency. A third apparatus designed to
achi eve the thi rtdisBi®eithes MeRsaPdIRRIPDf the same structure as the first
and second. apparatuses descri bed above. The particle-counting device
incorporated in the ti rtdiFy aPPALFFIF at AL IS FHHEYE HAMTERETMPRect i on
and a particle-counting sectioqﬁ%The article-counti section is designed
to count only paRRYi&d JiHG theaPa ST &g %QﬁeﬁQﬁR?ﬂ%iﬁkﬁ -
section has detected from./light emtted fromyresist |iquid. Hence the 25
particl e- Count i iRVt p(,laq?%ccﬁﬂf{n%t“fecqsé‘érwq P Yh }k%’b‘f% o€ because
the particl e-detecting sectiqn is pot.influence the. 1. Ltting from
the resist N %iftlé%%iEQEﬁ{lng evice suf%&cé%t%B JBuAEﬁHE &%
particles existing in various resist liquids flowing
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



A fourth apparatus designed to achieve the third object is an apparatus
conprising: a coating section for coating a resist liquid on an object; a
resist 5 |l i quid source for supplying the resist liquid to the coating
section; resist-supplying pipe for supplying the resist liquid fromthe
resist liquid source to the coating sectiopy a_sanpling pipe branched from
the resist-supplying pipe; a valve provided at a node of 10 t he
sanpling pipe and the resist-supplying pipe, for switching supply of the
coating liquid between the coating section and the sanpling pipe; and a
particle- countlibguédvice for counting particles existing in the resist
liquid supplied fromthe sanpling pipe. The 15 particle-counting device
has a particl e-det echi figustht Appaxatus gestigord- touachAgveetheothizd
counting only particles other than those which the particle- detecting
section has deteeiegtfidndni gpPasatusegonMpsisingiish FPatiag sgection The
fourth apparatus is advantageous in the sane respect as the third apparatus
descri bed abovefoR ¢PathngpParatistddiAyiddopoaBchRPdfEtthd KBEAE obj ect of
the present invention is an aggaratus of the_sane stru&ture as the second
appar at us® descr 1 b@@idp8ourcestor sypplyingnhthgpargiss Ldaufdr 6t &Pfzed in
that the particle-detectin .segtion,h%s a relatively lqQw sensitivity and is
not influenced $92 h%gl§§ﬁ€18ﬁ?tFFﬁés ‘SPPE§Y4nFrBﬁ£th°Fe§PRP giPdnent of

the resist llquLHé %Qéist 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-cpunting 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



i nfl uenced by such light, the particle-detecting section can detect
particles having sizes over a broad range, serving to count particles in
any resist liquid 5 wi th high accuracy. A sixth apparatus which is
designed to achieve the third object of the invention is an apparatus
identical in structure to any one of the figst_to fifth apparatuses

descri bed above. The sixth apparatus is 10 characterized in that a
filter is provided on the resist-supplying pipe and | ocated upstream of the
node of the sanpling pipe and the resist-supplying pipe. Located upstream
of that node, tBeohi therreahnbeompondntoolfiathebeesiet| tsguddlii cNebt when
particles increases 15 in nunber in the resist liquid. A first

particl e-counti hgfappacaetubydescynédght ,atheepartheléedetbcbbpgct of the

i nvention conprises: a particle-detecting section; and a particl e-counting
section. The pasetctliencoant dafjesbcpavticdant bavbhg 20zes opeart acbeeadt her
t han those which the particle-detecting section has detected fromlight
emtted from resaBgeli garvingntet gepnkorastiches pint ppyerediidti Agaydet i on
is not influenced by the Ilight emtted fromthe resist |iquid. Hence, the
particl e-2ount i KgtHebhigh BERUEBGHT 25 particles with high precision. A

second particle-counting agparatus desi%ned to achieve the fourth object of
the invention is ideft FeZER apparatus; yhich i designefete; pshieve

article-counting a rat us. . . )
P tﬂe gﬁgrg ogject of the invention is an apparatus

identical in structure to any one of the first to fifth
apparatuses described above. The sixth apparatus is
10 characterized in that a filter is provided on the
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 emittea from resist
liquid. 1In 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



The second particl e-counting apparatus is characterized in that the
particle-detecting section has a relatively low sensitivity and i s not
i nfluenced by the light 5 emtting fromthe resin conponent of the
resist liquid. The particle-detecting section has such a sensitivity as to
detect particles having a size equal to ar grgeater than 0.16 [ERRim  Not
I nfl uenced by such light, the particle-detecting section can detect
particles 10 havi ng si zes over a broad range, serving to count
particles in any resist liquid with high accuracy. Additional object and
advant ages of then stemdtarendd the dhitrstomar tiie tgre e dm Pt RER NG Wh.
follows, and in part will be obvious fromthe description, or may be 15
| earned by pract iTe dfeadnd iBaRiGIGT courHel nshjaRRa Lt Sa diFa ithiyeac kT i 3Rd
i nvention may be realized and obtained by neans of the instrunentaljties
and conbi na- tiond gt dheamarisidetarting see ety 2 1xg At v er
DESCRI PTI ON OF THE SEVERAL VIEW5S OF THE DRAW 20 qu_
acconpanyi ng dr adifSeNRCY e antk drshdict éd"%i?%dc&i'sﬁ}l%t hart of
t he specifi_cation, jllus- trat resently preferred odi nents af, t he
nvent on, Sand ¢ GRARINGEHPT I Gre L ‘SITUETAING F o SRt L idhe
det ai |l ed descri ptj,on of .t.h ref.erred enboqhi 2 nt.s given bhel ow,
serve to explain 'J'i}Hee Li_ﬂ’rith’t:clelpqo"e eto%ﬁtlf{ég iTRE olrb%_as':lsétﬁl 3 _ssqaan Il'fls‘f)Jet_(::’fi ve
view of a resist£P3d Mhtect perrid¥éh WRMPH LAY YRR PP N0 2
greater than 0.16 um. Not influenced by such light,
the particle-detecting section can detect particles
10 having sizes over a broad range, serving to count
particles in any resist liquid with high accuracy.
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 méy 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



coating apparatus which is the first enbodi nent of the invention;, FIG 2 is
a schematic view showing the resist 5 | i qui d coating apparatus
according to the first enbodi nent of the invention; FIG 3 is a plan view
of the resist liquid coating apparatus shown in FIG 2; FIG 4 is a
schematic view showing a resist liquid 10 15 coating apparatus which is

t he second enbodi nent of the present invention; FIG 5 is a plan view of
the resist liquid coating apparatus shown in FIG 4; FIG 6 is a diagram
illustrating the resist liquid 15 suppl ying system pipes used to count
particles in theandsidivdlapirnty ayds tves hi moptpap ol rsy gp | se i B ysiguid al |

I ncorporated in the apparatus shown in FIG 4; FIG 7 is a flow chart

expl ai ni ng how tduatpiarg iappsrdatus whichyuisl the Cogh enkodinent the toe
particle-detecting section of a particle counter is cleaned; FIG 8 is a
schemati ¢ di agr @mwdrdviiang t he particl e-detecting section of the

particle-counting apparatus; 25 _FIG 9 is a graph representing the
i nfl uence the resist B¥Quid isppseehematie Yigntshowing drhe (epf e resi st
| i quid when the particle-counting apparatus - 16 - counéfrége particles

existing in the ¥eanid qoaking apparatus according to the

embodiment of the invention;

FIG. 3 is a plan view of the resist liquid coating
apparatus shown in FIG. 2;

FIG. 4 is a schematic view showing a resist liquid

10 coating apparatus which is the second embodiment of the
present invention;

FIG. 5 is a plan 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



FIG 10 is a graph depicting the influence the resist liquid inposes on the
light emssion fromthe resist |liquid when the sensor used in the particle-
5 counting apparatus is set at a low sensitivity; and FIGS. 11A and | 1B
are graphs showi ng how the particles increased in nunbers with tine, as
counted by the particle-counting apparatusig DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 10 The first enbodi nent of the present invention wll be
described, with reference to FIGS. 1 to 3. FIG 1 shows a resist-coating
and -devel oping system 1. The system 1 is designed to wash sem conduc- tor
waf ers, adhere cesntssthe pactimlessexhebinghiénithe resibef cbhguider waf ers,
cool the wafers to a prescribed tenperature, expose the wafers to |ight,
devel op the resists BEGt ht0wa$edsgrapd depictihegwelierinfivenceetbeopi ng the
resists. As shown in FIG 1, the system 1l conprises 20 a cassette
station 2, a firesistahipeid &MBPS8SSaonrbhepbtghbeembs® tom4framt EhAsport
path 5, a second transport arm6, a first armtrack 7, and a second arm
track 8. Casset¥esigt gh@ﬁléoﬂhaﬂnT—hg SCPFOF aPFeY bR Whe cPartichee ali gned
on the cassette station 2, along 25 the transport path 5. The
transport5nechaﬂ?%ﬁ?ﬁnﬁaﬂpﬂﬁﬁéﬂuﬁlbﬁgsFHeaFr%n%%%r?e%%fﬁ13+tYi fadgesi gned

Lo pTove (e o oI oI A GRTPE S8 s LABTERY o £nd” (MO E0
particles increased in numbers with time, as counted by
the particle-counting apparatus.

DETAILED DESCRI?TION 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 semicondgctor 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 séecond
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



arms 3 and 6 can nove along the armtracks 7 and 8, respectively. The

resi st-coating and -devel opi ng system1 5 further conprises various

waf er - processi ng appar at uses. The apparatuses are a brush washi ng appar at us
9, a water-washing apparatus 10, an adhesi on apparatus 11, a cooling
apparatus 12, two resist-coating apparatusggs 13, a heating apparatus 14,
and two devel opi ng apparatuses 10 15. The apparatuses 9, 10, 11, 12
and 14 are arranged on one side of the armtracks 7 and 8, while the
apparatuses 13 and 15 are arranged on the other side of the armtracks 7
and 8. The brugthemdia henpbirsk usadnroraneeonhia¥® $y 15The transpestfrom
the cassettes C and washes the wafers W The wat er-washji ng_apparatus 10
appl i es water iaFMshe faidn bfcan Hrgre pr bRy ehe edrmt bragks sty aBde8  of t he
wafers W thereby washjng the wafers W The adhesi on apparatus 11 renders
each wafer W hykSRAIfI%EHE- a 20 surface, naking a resist firmy adhere
to the surface. The cooliqg,apparatus 12 ¢ools the wafers Wto_a
predet er mi ned t enperERQIrEeS Ife-FRAT LRI 38| RCUPHAPANTt 5¥BECR3 apply a
resist |iquid %€h£éﬁésurfaces of the wafers. W coatin%.a resist filmon
each waf & W r CORRLiSeR YPRLPUT (EA19T TREPSCTRENGaf RPTHFEBSEPed

W th resi st anq¥also the_gafers W exposed to I%ght. The_d velgping
appar at uses 15 nﬁeﬂQ?aWﬁaq§?ﬁn§5§pﬁs gush wa 19, APRFEAR AN ’aﬁply

devel opi ng |i(“&é¥éél&£§hl fe&ﬁp¥¥atus 10, an adhesion apparatus 11, a

cooling apparatus 12, two resist-coating apparatuses 13,
a heating apparatus 14, and two developing apparatuses

10 15. The apparatuses 9, 10, 11, 12 and 14 are arranged
on one side of the arm tracks 7 and 8, while the
apparatuses 13 and 15 are arranged on the 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



t hereby devel oping the resist filmon each wafer W The waf er-processing
apparatuses 9 to 15 are arranged cl ose to one another, at appropriate
positions, 5 so that they occupy but a relatively small space and
operate with high efficiency. Wafers Ware brought into and out of the
apparatuses 9 to 14 by neans of the trapspggt arns 3 and 6. As shown 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
mechani sm 4, transport path 5, armtracks 7 and 8, and wafer- processing
appar at uses 9 twaférsTHeandsapplyodeiadopppar diquéd 18 &he wademiscd, 15
each being the first enbodi nent of the present inven--tion. One of the
appar at uses 13 thereby develtpéng whehreefistefiédmt enFpesh vaferaid 3. As
FIG 1 shows, the resist-coating apparatus 13 conprises a casing 13a. As
shown in FIGS. 2 andTBe vafepoprocegppagafBBar8tufesadpit8cddsidgd§ chanber
21, a spin chuck 22, a chuck drive 23, drain pipes 24, and a drain tank 25,
whi ch are provi asgangegheleasi kg 238. arpEhSE natHAPRTOPLiGtEr PPSIEd NS t he
chanber 21. The chuck drive 23 is |ocated bel ow the changber 21. The drain
25 pi Pes 2458r ERBEobNEEAOFRUPHePHEt RoRPORLINEL¥nERBE! SPACEhE@N ain

tank 25 is | ocated outside the chanher ,21. The sEin c@uck 22 is designed to
hold a wafer wPRerate wath Bigh, pfEACiPnGYsi( FBLeEF ValGEmPIo¥Edn. The

chuck 22 into and out of the apparatuses 9 to 14 by means of the
transport arms 3 and 6.
As shown in FIG. 1, the system 1 further comprises
10 a casing 16. The casing 16 contains the cassette
station 2, transport arms 3 and 6, transport mechanism
4, transport path 5, arm tracks-7 and 8, and wafer-
processing apparatuses 9 to 15.
The resist-coating apparatuses 13 are identical,
15 each being the first embodiment of the present invén-
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 13a. 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



can be rotated by the chuck drive 23. The chuck drive 23 is, for exanple, a
pul se notor. The drive 23 can rotate the spin chuck 22 at various
controll ed speeds. 5 Gases can be exhausted fromthe center part of the
bottom of the processing chanber 21 by a gas-exhaust neans (not shown) such
as a vacuum punp, which is provided outsldelghq_processing chanber 21.

Resi st liquid and sol vent can be drai ned through the drain 10 pi pes 24
into the drain tank 25. As seen fromFIG 3, the resist-coating apparatus
13 further conprises a holder 13b, four resist-applying nozzles N1 to M4,

four sol vent - appd Wd¥h Fuezd BpSdi € PoSdby s her siogzde. hotHer shadkt 2234,
all provided in 15 the casing 13a. The resist-applying nozzles Nl to

N4 are paired widdh the ot aresd -l ptlyé Nghwek zd e5vE&128 0 -Stherelpekt dy ey,
constituting four nozzles units. The nozzle units are held by the nozzle
hol ders 31 to 343 riespefidr wtanplide acgulee hobter s 3Thée odBivar23hebd by 20
the holder 13b. The holder 13b has through holes (not shown). The nozzles
N1 to N4 and S1 tar&4e drhe hagppih i ohudles22 t &t coghidnes esonerehledlt fpeedsopen
end exposed to the sol vent atnosphere in the housing 13a. As shown in FIG
3, the noZzl e hdlares n the Exhawsted nErauathg2eenter parg3afabbie34a,
respectively. The pins 3la to 34a can be held by a scan arm 37a, which

wi || be describéwttarrof THhe rprotes hbngerhamhex o2 Bsbyra gasnekbanstn basic

- 20 - structure. Only the nozzle holder 31 shown in FIG 2, )
means (not shown) such as a vacuum pump, which is

provided outside the processing chamber 21. Resist
liquid and solvent can be drained through the drain
10 pipes 24 into the drain tank 25.
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 S4,
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 Qith 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



will be described. As shown in FIG 2, a resist- supplying tube 41 is
connected at one end to the resist-applying nozzle N1 and at the other end
to a b resist liquid source RL which is |ocated outside the casing 13a.
Aresist liquidis therefore supplied fromthe source RL to the

resi st-applying nozzle N1 through the resisjgsupplying tube 41. Afilter 42
Is provided in the tube 41, for filtering out inpurities such as 10
particles fromthe resist liquid. Munted on the tube 41 is a

resi st-supplying mechani sm 43, such as a bellows punp, for supplying the
resist liquid tothetnorl e Oiilnttle pnezzier hohderf Bbwshavn. i8i REE-t Re
three other nozzle holders 32, 33 and 34 15 are identical to the first
nozzl e hol der 3wilkl tesidesarikedr e, AshshewnesnsFIG; qdi d8 EQALBE~applied

i nde- pendently to the wafer Wfromthe nozzles N2, N3 and N4. Thus, the
resi st-coating sRPENiRg 1Bukanitobs ¢penaated aEwphf €Bdrtai £hérent resist
| iquids. 20 Two tubes 35a and 25b are connected to the nozzle

hol der 31. A temgr§iitrappbring reagle Nidgand afppheeathertgBdnsPder 31
t hrough the tube 35a and_ therefromthrough the tube 35b. The fluid
mai ntai ns &t a deaFied }Eapid SorEcenBl wRich ffqlraatmicRuERdHE tRPough

VI BT R Lo S I E o R TR R R
ol vent - suppl i ng L UG rce 'RP 1o #Re! 2820REEEETyEhoORSE0d KR HSougn
the resist-supplying tube 41. A filter 42 is provided
in the tube 41, for filtering out impurities such as

10 particles from the resist liquid. Mounted on the tube
41 is a resist-supplying mechanism 43, such as a
bellows pump, for supplying the resist liquid to the
nozzle N1 at a predetermined 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 Nl.

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



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 appl yi ng nozzle S1 through the sol vent-supplying tube
45. Mounted on the tube 45 is a sol vent-supplying nechani sm 44, such as a
punp, for supplying the solvent to the sol want—appl yi ng 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 therefromthrough the tube 36b. The fluid maintains at a desired

t enper at ur e t he 4Soliseconneictiedf ladwonehrengyta Hdies Aol SARR AN IRE t ube 45
and is eventually applied to the wafer Wfromthe 15 sol vent - appl yi ng
nozzl e S1. The muzzle 154 ¢ad 3t Hddiatdamendke i@ HPYEHy FRIZETFR 'Eu and
the sol vent-applying nozzle S1 can be noved fromthe holder 13b to a,
desired positi onhdisdydst Hooadiass owtisidedha Gasdng 332 of & RL¥ERhi 1837,
The 20 scan unit 37 is so designed that the scan arm 37a can mpve in
t hr ee- di mensi ondthemedfisiren suppidied ifrom Bhe soprgg I 4y the,gelvent-

mentioned above, the resist-applying nozzles N1 to N4 are ired with the
sol vent - appl yi nRRIFANSE nogzls s1 ttqg%ygzh ré%%escqli‘(}?é}fyfs Y199 FWS our

nozzles units. Instead, only the resist-applying nozzles may be
hel d by the nozA% hé'?cﬁ’é’rtse%fnt d:l?%l,t"rsl?eespu,t’?%/e‘-‘fgﬁoolzver?t-zg&l?lsg%gﬁ?he
sol vent - appl yi n%ner}:q'xzazrliessm %,t Osusc%'x rraagl altoepump, for supplying the solvent

to the solvent-applying nozzle S1. Two tubes 36a
and 26b are connected to the nozzle holder 31. A

10 temperature-controlling fluid is supplied to the holder
31 through the tube 36a and therefrom through the tube
36b. The fluid maintains at a desired temperature the
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 nozzlés N1
to N4 are paired with the solvent-applying nozzles Sl

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,



repl aced by a single solvent-applying 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
processi ng chanber 21 and bel ow the scan unit 37. The receptacle 51 is a
pi pe having a flaring open top. A probe.5lzis-connected to the | ower end
of the receptacle 51, for examning 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_ exanple, a laser beamto the
resi st liquid iand Hdeprssiereitr apiiy ety nezebemtSt heo p3d thaYeBeexi sting in
the resist 15 liquid. The resist liquid can be drained fromthe probe
5la through a deRlfgaddrR sinpe Wwelvene-2RR1%ing | RRF #landhighyint

di scharged fromthe drain tank 25, In operation, a wafer Wis placed on the
spin 20 chf@eweed JateFertEa e RRkeREi e Femed™™®137aThe spin chuck
22 automatically holdsségf waf er_ W by vacu suction.- The chuck drive 23
rotates the spin chdtk SSBV ST he? v3B%r3 whke retsteb-certing

ot oL Py DGRl M 0 AenbRel SNl 3 PSSP SIS RPly, Lhe 25

nolding (e nospddl, ST 0 B aElER1 9 SRinbE: A2 o RSB HOE,

the scan unit 37. The receptacle 51 is a pipe having a
flaring open top. A probe 5la is connected to the
lower end of the receptacle 51, 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 Sla,
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



nozzl e hol der 31, grasps the holder S1 and noves the sanme to a desired
position above the wafer W The solvent is first applied fromthe nozzle Si1
and the 5 desired resist liquid is then applied fromthe nozzle NI.
Wth the resist-coating apparatus 13 it is possible to count the nunber of
particles existing in an unit anount of thepgesired resist liquid, before
the 10 wafer Wis nounted and held on the spin chuck 22. More
precisely, the scan arm 37a is noved to, for exanple, the nozzle holder 31
hol di ng the resist-applying nozzle N1 (i.e., the selected nozzle Nx). The
scan arm 37a gr aspaziéeNhol dén BhiandagBvethetar® 37posstweredi At ths

above the resist receptacle 51. The nozzle N1 applies the resist liquid
into the receptaepzzbe heldepr ddet arasppnEheahplder FheapdrPP¥PE &BBnter 52
counts the particles existing, in the resist liquid in the probe 5la. After
the counter 52 f$#N8hER] @odMEikrgdt RES2bion aBgve; EheswafRe WozzFBes:

applies the solvent into ,the receptacle 51, washing the receptacle 51 and
renovi ng the resPALEPNFelfs 1F§Eugapiﬁﬁge%F8ﬂltFF gﬂézﬁﬁngirgﬁ Fﬁ@
particles the coynter has coupted is.equal.to or spaller th a_reference
Dol e, 553 ° o dapEred sl Saniar e LheR Bhuiied frandthranoEatear m
37a noves the holder 31 to a position above the wafer 1w. The nozzle N1

applies the resist’liquid to - 24 - the wafer Wwhich is rotating. If

the number of the With the resist-coating apparatus 13 it is

possible to count the number of particles existing in
an unit amount of the desired resist liquid, before the
10 ~ wafer W is mounted and held on the spin chuck 22. More
precisely, thé scan arm 37a is moved to, for example,
the nozzle holder 31 holding the resist-applying nozzle
Nl (i.e., the selected nozzle Nx). The scan arm 37a
grasps the holder 31 and moves it to a position right
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



particles the counter has counted is greater than the reference val ue, an
al arm devi ce (not shown) provided outside the resist-coating apparatus 13
generates an 5

t he hol der

operation until

13b. In

alarm and the scan gram 37a noves the hol der 31 back to
this case, the apparatus 13 perforns no further

measures are taken to redugg the nunber of particles

existing in the resist liquid. 10 Any one of the other

resi st-applying nozzles N2 to N4, for exanple the nozzle N2 held by the
nozzl e hol der 32, may be connected to a source RL of the desired resist
liquid. If thisthe vateralewhigk searobakiBga nbfethenpumber| efhhger 31
back to the hol der :
an alarm and gpashiciee Hoezfeunberchagsocanatadvés greatgrethgnt khe
position right abgve the resi st recegtacle 51. Then, the nozzle N2 agpplies

the same resistTEfQUPACEYBlERe RBCR

counter 52 20 counts the particles existing In t resist liquid in the
?Hu§h€§|

probe 51a,
wafer Wo

oper at or
nozzle N1 and i
43, thereby red
the resist

10

15

20

25

to derEf

13b at 15 the sane tine the al arm devi ce generates

axm| dexicen (PRE HRBYWRY| BEEVARGGNt. The

RethRef Rt StRECRELNGt 3PP g°BETA5FEI &% to a

yr BURFR e oEne: SEapTsPRG 2 FakPEoRRBCeaoeS Sabsex |

b b fieldirnirber 06 BREs 886y Shik o BHBRREEN S Cnoint o
péPforhs HbIeGHPRELCHpLRat06nAAZ S NeastiRREC arkRakeS St-

to reduce the number of particles existing in the

resist liquid.

N4,

Any one of the other resist-applying nozzles N2 to

for example the nozzle N2 held by the nozzle holder

32, may be connected to a source Rl of the desired

resist liquid. If this is the case, the scan arm 37a

moves the nozzle holder 31 back to the holder 13b at

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 liguid into the

receptacle 51 in the prescribed amount. The counter 52

counts the particles existing in the resist liquid in

the probe 5l1a, 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

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



coating apparatus 13 need not be stopped and can continuously apply the
desired resist liquid to wafers W 5 The conponents of the

resi st-coating apparatus 13 are automatically controlled by a controller
(not shown) provided in the resist-coating and -devel oping system 1. If it
takes the counter 52 a considerably long_1035 _tine to count the particles
existing in the resist liquid in the probe 51a, the counter 52 need not be
operated every tinme the apparatus 13 coats the resist liquid on a wafer W
Rat her, the counter 52 may count particles every tine the apparatus 13

fini shes coatingliguid swppited tquitiieomozzdeeddr.i bég@nsenbdheoragdisdrs W
or may count particles at regular intervals of several hours or several
days. As can be oadtisgodHpfaratishd Jamerd nofe bemskePred @msucian es (e. g.,
particles) contained in anX resist 20 | iquid can be detected before the
resist |iquid i sceBhiBHOBAlKarEPdYWENEhdeSdred, &8sst drimtd chitgh wad@s ty
resist filmon a wafer W which helps to provide a flawess circuit pattern
on the wafer W ®ince the resist receptacle 51 is |ocated outside 25

the processing chanber_ 21, it is always away fromthe wafer Wplaced . in the
chanber 215 The rosi SENPi GEMBOREALS NG tOE AR LAATG O Te N APBARRE S 1 3

]P ; g\r/ni gﬁs Inthe e a%@ofna%?%ﬁ‘i& ZEneihhed lf)%r o A0 17108 r‘t%o%uppl ' ed
shown) provided in the resist-coating and -developing
system 1.
If it takes the counter 52 a considerably long
10 time to count the particles existing in the resist
liquid in the probe 5la, 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



resi st-applying nozzle into the receptacle 51. To prevent the liquid from
dripping down to the spin chuck 22, it is desirable to |ocate the
receptacle 51 at a 5 | evel below the top of the processing chanmber 21.
The receptacle 51 may be coupled to the holder 13b. In this case, the space
in the casing 13a of the apparatus 13 can bg smmller, and the liquid wl
have far | ess chance of dripping down to the chanber 21 or the spin 10
chuck 22, because the holder 13b is renote fromthe processi ng chanmber 21.
| f the case where the resist receptacle 51 is coupled to the hol der 13b,
the scan arm 27&hggdemeail nowthd iehdheo Azdlgu i | idebe i3 spdd ifadbrfindme drgt der
13b to 15 a positioon above the resist receptacle 51. Thus, one of the
nozzles N1 to N&¥eEdSta@pRlydmdmnarlofinte thesirgcaptagle 5.0 e
receptacle 51 while any other resist-applying nozzle is applying the resist
liquid onto thePREVENIWHS d ishidrgn dcinpind sowmitice thee spgn chyddsi st
liquidis being2 ppl.ied to, severgl wafers W one after anqther, an anount
of the resist Ii éui dt dspdegdfiad® (t@ Jaratadihe Loceptasieed Indt ke
supplied gnto the_rec acle.51 and the counter 52 counts the particles in
the liquid in tﬁ&"ﬁ OB 15T, EhR, £8B, 4 they procesiag R % bhe
effected w thou # . descri bed ahove,, t receptacle.51 is renote
from the hol der rrf%t?%ltﬁéﬁﬁe%ﬁeg}agt -béapaﬁq"’ryaeé’g&é]r g&ﬁs%fg%er 1 - In
IITustrated in %h@§'c%s%@dt%e @S@%é'}ﬁ'g%éﬂ§§¥ﬁﬁfﬁj%3bf the apparatus
13 can be smaller, and the liquid will have far less
chance of dripping down to the chamber 21 or the spin
10 chuck 22, because the holder 13b is remote from the
processing chamber 21.
If the case where the resist receptacle 51 is
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



the scan arm 37a may nove any nozzl e hol der hol ding the resist-applying
nozzl e not applying the resist liquid to the wafer Wnounted on the chuck
22 fromthe holder 5 13b to the position above the receptacle 51. The
particles in the resist liquid can then be counted at any tine desired. In
order to maintain the resist receptacle _51,¢ ean enough for nore accurate
counting of particles, 10 the open top of the receptacle 51 may be kept
closed all time, but when the resist liquid is supplied into the receptacle
51 in the predeterm ned anount. For the same purpose, a cleaning unit may
be connected t o itlHasteagedadine FGS .f & aapbldii ngvensdiny dinte iapparatas ekept a-
15 cle 51 to renove the residual resist liquid therefrom Furthernore,
a punp may be ptd@ ¢e@nommhd Té Aay pigye Sawt eodzdien hodderdiakdingyuihe and
the solvent fromthe probe 5la. A resist-coating apparatus 140 according to
the 20 secof® SdffodPP N NHE e adnapyamg dhenines st deisttidbed,
with reference to FIGS. 4 to 6. As shown in FIGS. 4 and 5, the

resi st-coating &Shdhe yaier T apmtas op e fhueks2? Fnomddsihpidanber
141, a spin chucgk 142 a_chuck drive 143, drain 25 pi pes 144, and a
drain tan® 146, 13Fhd o R EOSIFEON RbAUR, deL FECaRtARdeLPL - iR 144 and
tank 146 are provided.in t.he casing .l25a.. The spin chuck 142 is - 28 -
provided in t he PATAISES 4P #ﬁ”er gﬁq}‘é'dl 2 gﬁle_n be' Courted at

any time desired.

In order to maintain the resist receptacle 51

clean enough for more accurate counting of particles,

10 the open top of the receptacle 51 may be kept closed
all time, but when the resist liquid is supplied into
the receptacle 51 in the predetermined amount. For the
same purpose, a cleaning unit may be connected to 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 golvent from the
probe 51a.

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 125a, 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



| ocat ed bel ow the chanber 141. The drain pipes 144 are provided in the
bottom of the chanber 141 and connected to the drain tank 146. The tank 146
is located outside 5 t he chanmber 21. The spin chuck 142 is designed to
hold a wafer Win a horizontal position by vacuum suction. The chuck 142
can be rotated by the chuck drive 143. Theyghuck drive 143 is, for exanple,
a pulse notor. The drive 10 143 can rotate the spin chuck 142 at
various controll ed speeds. Gases can be exhausted fromthe center part of
the bottom of the processing chanber 141 by a gas- exhaust neans (not
shown) such as Emm&mﬂ&dn¥mw¢hewmh@mbes b4bV|d@@eoﬂb@¢Hedrh@ep16&esglng
chanber 141. Resist 15 l'iquid and solvent, which have been scattered
fromthe wafer LVQEﬁ?@)Q%hQ@dt tehemeer ettt | Thwi dratanpbeedr btheare

t hrough the drain pi es 144 into the drain tank 145. A drain pipe 147 is
connected to tHRCQY th%KtE%6b°#ﬁ@mr%§|Ehel¢h@mhe§nh4¥h@n§o¢9§ﬂ?cE8ﬁ be

drai ned 20 through the drain e 147 fromthe_ tank 147 nd ultimately
fromthe reS|stt%o%??H@r%b%aF%Fﬁsfﬁgo. %@esE%ﬁkf}§ﬁ1¥§Ci°33te$h%ut51

resi st-coating appar arat 14? further conprises a holder 125b, four resist-
appl yi ng 0zzl €% bur sol vent - appl ying 25 nozzles S1 to $4,

Fosi st-applyi ng 28'22 r% RPN ST SRk R T
29 - nozzles Sllﬁ Sﬁbr 238@&1'V8s¥t188”8t'%¥éﬁﬁﬂ £88£10n. The chuck
142 can be rotated by the chuck drive 143. The chuck
drive 143 is, for example, a pulse motor. The drive
10 143 can rotate the spin chuck 142 at various controlled
speeds. Gases can be exhausted from the center part of
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 liqguid 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-épplying
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



nozzles units. The nozzle units are held by the nozzle holders 151 to 154,
respectively. The nozzle holders 151 to 154 are held by the hol der 125b.
The hol der 5 125b 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 atnosphere in the hpusing 125a. As will be described
| ater, four resist-supplying pipes are connected to the nozzles N1 10

to N4, respectively. Four different resist liquids can therefore be
applied to the wafer Wheld on the spin chuck 142. As nentioned above, the
resi st-appl yi nqhowzids$s INtd BN rwesperat ivesll wy tdortdta tsdl ent£appl yi ng
nozzles S1 15 to S4, respectively, constituting four nozzles units.

| nstead, only trirealess stnidppl yiThe nozzilss Wil to ave felddhdihe yozhke
nozzl e hol ders 151 to 154, respectively, and the sol vent-applying nozzles
S1 to S4 may bewlsjgre el byta Bihgleesprokinelappl yihey nwezde vidgrss 20
secured to a certain part of a scan arm 157a (|l ater described). As shown in
FIG 5, the noZAlk twlldd usiheld dny the qpider 1250 . 15%he higtennd 154a,
respectively. The pins 15l1a to 154a can be held by the scan arm 157a. 25
The scan Sar m 1579k e hroudh hRles sret Fhavms7, The azelel Mbhstdnal

fashion, nanely_ in X axis, Y. axis and, Z axis. |In qperatiqn, the scan unit

157 noves the ¥h@nd S1 3P S4359 31@ld oinyhess drBhdikes hePdR 2zl e

hol ders 151
ol ders 15 with its open end exposed to the solvent atmosphere in

the housing 125a. As will be described later, four
resist-supplying pipes are connected to the nozzles N1

10 to N4, respectively. Four different resist liquids can
therefore be applied to the wafer W held on the spin
chuck 142.

As mentioned above, the resist-applying nozzles N1

to N4 are paired with the solvent-applying nozzles Sl

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 15la, 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. In operation, the scan unit 157 moves the scan



to 154. Thus noved, the scan arm 157 grasps, for exanple, the pin 15l1a of
the nozzl e holder 151. The scan unit 157 further noves the scan arm 157a to
ab position above the wafer Wnounted on the spin chuck 142. The

sel ected nozzle holder 151 is thereby positioned above the wafer W As
shown in FIG 4, four tubes 155a, 155b,_156g apd 156b are connected to each
nozzl e holder. A 10 tenperature-controlling fluid is supplied to the
nozzl e hol der through the tube 155a and therefromthrough the tube 155b.
The fluid nmaintains at a desired tenpera- ture the resist liquid to be
appl i ed throughathel$?sit¢-apyl yehgechedzbpet oft hhewapzz 1@ hgldekrar L§l a 15
tenperature-controlling fluid is supplied to the nozzle hol der through the
tube 156a and thertf4om Thusupbvede theese8abar¥his87fgnadpawi fiedi ns at a
desired tenperature the solvent to be applied through the sol vent-applying
nozzl e to the wakampye, 2the pin 151a efisthen norziaphriday A83i st Thequids to
the resist-applying nozzles_ N1 to N4 of the resist-coating_apparatus 140
will be descri b&gan; %lizeié?eﬁ‘eéth%rmneveé.thﬁ@censﬂém/slgaﬁ gm # the

resi st-supplying system but also a counter for counting particles, 25

exi sting ¥n thePPestien| apye the wadpst HnmpuptedppnythengPincFBYRkng
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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



resi st-applying nozzles N1 to N4, and at the other end to resist reservoirs
Rl, R2, R3 and R4, respectively. The resist-supplying pipes 161 to 164
extend 5 parallel to one another. Meters L1 to L4 are nounted on the
pi pes 161 to 164, respectively, for detecting the anobunts of the resist
liquids remaining in the reservoirs RL ta R41 Punps P1 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 on the resist- applylng pi pes 161
to 164, respecti lély. 163and6Bedndo 1fi4e aaier copoeated w4l vae ¢nd dovihere
sanmpling pipes 171 to 174 which branch from 15 t he resist-applying

pi pes 161 to 164reséspeeprpPiying Feek lgisr Npdoaldd wady @thide arheat lead
ports Dand M The first outlet paort D.is connected to the resist-

suppl yi ng pi pe, ®Ri Fesifé §§§8§H°é&'tsl &L p&dr B3 €nfoRecr@FPES tiYe Wanpl i ng
pi pe. 20 Usual Iy, the first oqutlet ports Dl t of the

ai r-operated val ves VI ?orVEléFeSHQ&%YM BHEeSed8d t&ﬁlsgtd M to M4

the resi st Sappl yPASeHdEH £0 e e‘?r‘é'& s pdlatierel 1 70 38 BEe %r%é%{t" o' '
particles in the re ver Necess: sec utl et
ports ML to M4 aP& gné’&p%\ﬁhg?e‘b 'esﬁesst G dﬂ%&g'fl &5’ %hto the
- 82 - sanpling %h@e%m%ﬁ%tgoo%7%h S \Tﬁdﬁldg @@%aﬂying 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 Di to D4 of the
air-operated valves V1 to V4 are open and the second
outlet ports M1 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 M1 to M4 are opened,

whereby the resist liquids flow through into the



valves V1 to V4 are |ocated dowmstreamof the filters F1 to F4, it can be
readily determ ned how nmuch particles have increased in nunbers in the
resist 5 liquid due to the decrease in the efficiency of the filter.
The sanpling pipes 171 to 174 are connected to one pipe 175. The pipe 175
I's connected at the downstreamend to a paripcle counter 180. The particle
10 counter 180 conprises a particle-detecting section 181 and a
particle-counting section 182. The particle- detecting section 181 has a

| i ght source and a sensor. The resist liquids can be supplied to the
particle- detectsampbingipipesl117ionet hdd; esespecuintiy ng Pipee tbe 161
to 164 through the sanpling pipes 171 to 174 and then through the pipe 175.
The section 181 valee$ sVl heo pddt aeeeloratedydewrsrean pf dtRephbilearso it.
The section 182 counts_the particles the section 181 has detected. The
resist liquid i sFhen Bt ai hgdcﬂioh?tﬁ%aéely detRyningd-RR3Y d8¥¢Rg section
182 through the drain fipe 147. 'As shown in FIG 6, a systemfor supplying
a cl eani ng sol utPIREICIPF NRBRILNGEBBSPAGLR NRUPREES e ThRINER$1980. This

system conprises, a splution- 25 suppl yin i pe 160,.a solutio
reservoir RO, a hEERHd( ?eat?iFP%rd?%Fggﬁ% bﬁ §?$- SHEREY P etﬁﬁ. The
sqution-suppIyiP iPe 160 extends parallel to the - 33 -

resi st-suppl yi ng g*g% 161. The solution reservoir RO

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



I's connected to the upstream end of the pipe 160. The tank 160 contains a
cl eaning solution, which is supplied through the pipe 160 under the
pressure of N2 5 gas. The solution may be forced through the pipe 160
by neans of a punp, not by the pressure of N2 gas. The nmeter LO, the filter
FO and the valve VO are provided on the _solytion-supplying pipe 160, in the
order nentioned fromthe upstreamend of the pipe 160. 10 The
meter LO 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 tdes icteauppd ydolguipigpe 1B1e aiTheopelaitddny alaseMbHaR( Wo
outlet ports DO 15 and M0. The second outlet port M) is connected to
the pipe 175. Usisaldonneideed itos tt heutipstt reant @nid0 ofs thee pdgearics @ he Hesond
outlet port M) is closed. To supply the cleaning solution through the pipe
175, the first danketléfociomntBlnso aDé laan inig sed udridn, herhdedonids out | et 20
ports ML to M4 are opened, whereby the cleaning solution flows to the
particl e- det ect isvwprlded ¢hrogghoftheheiper tli6d) aindeunttdre pB@sshmught the pi pe
175, passing the nodes of the pipe 175 and the sanpling pipes 171 to 174.
The optic@ cel |I98nd (Hhe Isiodatiieomomasr deefongedhdhrough the mide-Xd ect i ng
section 181 is cleaned with the cleaning solution. The cleaning solution is
di schar ged af t ePYu&e2ans &f @hPuseot NG %Qltlhﬁr@af@lﬁfstuﬁ@ @faiNe gas. 34fhe pjpe

174. 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 FO0 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 M0 is connected to the
pipe 175. Usually, the first outlet ports D0 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 M1l to M4 are opened, whereby the cleaning
solution flows to the particle-detectihg 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



To apply the resist liquid to the wafer Won the spin chuck 142 fromthe
nozzle N1, for exanple, the punp P1 draws the resist liquid fromthe
reservoir RL 5 via the neter L1. Wen a resist-applying signal is
supplied to the valve V1, the punp Pl supplies the resist liquid to the
valve V1 through the filter F1. At the samgqtipe the first outlet port D1
of the valve V1 is opened, whereby the resist liquid is supplied 10
fromthe first outlet port D1 to the nozzle N1l via the resist-supplying
pi pe 161. The nozzle N1 applies the resist liquid to the wafer Wheld on
the spin chuck pdpe AF#er the resist liquid has been applied to the wafer W
in the prescribed anmount, the first outlet port D1 of 15 the valve V1
is closed. The punpTPlagpiawsthiRereedisst ligudddter shet wefess¥r ¢oi thRl so
that the resist liquid nmay be supplied to the nozzle N1 and may be applied
to the next wafepiw chekrddRsfrpmothg nezapgl Néd £ponexp@pdehetheo

resi st-applying nozzles N2, N3 and N4, exactly in the same way as fromthe
resi st - appl yi ngPHBRPzPé fixawpofhehgegasti diguifnfrpm thei yespryoia RKle
counted in the resist-coating_apparatus 140 wi || be_expl ained, w_th
reference3to t h¥ip| SWecHgEerofly| Ghen asresist-applyipguddangd g&rticl es
existing in the resi

Count -Start i ng. SPERALSFs EGubBe 4818 Whe Rafveuop Bt snppLissshe’ (po °
punp PL has dragn the 163084 Lhavhd TR0t 89 through the filter Fi.
At the same time the first outlet port D1 of the valve
V1 is opened, whereby the resist liquid is supplied
10 from the first outlet port D1l to the nozzle N1 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 D1l 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 Nl.
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



reservoir Rl via the nmeter L1, and the second outlet port ML of the valve
V1 is opened (Step ST1). The resist liquid is thereby supplied fromthe
second 5 outlet port ML to the particle-detecting section 181 of the
particle counter 180 through the sanpling pipe 171 and the pipe 175. The
section 181 detects the parti- cles existinggin_the resist liquid (Step
ST2). Thereafter, the second port ML of the valve V1 is 10 cl osed, and
the punp Pl draws the resist liquid fromthe reservoir RL (Step ST3). In
order to achieve accurate counting of particles, the pipe 175 nust be
filled up with thRer pampt Pli hesddsappl tkd keetsthdigasdr éoom Bhe It is
therefore desired that the 15 sequence of Steps ST1 to ST3 be carried
out several tinesestponicoRpl etiirobhef meliercbdnt and bthepaetoodesntilled resi st
liquid is drained fromthe pipe 175. Then, the particle-detecting section
181 (particul arl pprthd126f theoptilvel Vdelik) openetie (6bept 8T1)80 Thecl eaned.
More precisely, the second outlet port M) of the air- operated valve VO
provi ded on the sebastohiqupgl pEnghprebyl60prpdiegdefisanstbp SELPndThe
cleaning solution is thereby supplied to the particle-detecting section 181
25 und8r theoNtlghspprésMir €0 theovghtirderfdpterting spetdenodd lodf et

port MD of the valve VO and the pipe 175. The pipe 157 and the section 181
are cl eaned wit hthgeparticlg coupnggxi A§0sshgergh theegampdingupdpe 171

conpl etion of the
P and the pipe 175. The section 181 detects the parti-

cles existing in the resist liquid (Step ST2).
Thereafter, the second port M1 of the valve V1 is

10 closed, and the pump Pl draws the resist liquid from
the reservoir Rl (Step ST3). In order to achieve
accurate counting of particles, the pipe 175 must be
filled up with the resist liquid supplied from the
reservoir R1. It is theféfore desired that the

15 sequence of Steps ST1 to ST3 be carried out several
times.

Upon completion of the counting of particleé, 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 Ny gas pressure, through the filter F0, the
second outlet port M0 of the valve V0 and the pipe 175.

The pipe 157 and the section 181 are cleaned with the



cl eaning, the second port M) of the air-operated valve VO is closed (Step
ST6). To count the particles existing in the resist 5 liquid flow ng

t hrough resist-supplying pipe 162, a count-starting signal is supplied to
the valve V2 after the punp P2 has drawn the resist liquid fromthe
reservoir R2 via the neter L2, and the secgyd autlet port M2 of the valve
V2 is opened (Step ST7). The 10 resist liquid is thereby supplied from
the second outlet port M2 to the particle-detecting section 181 of the
particle counter 180 through the sanpling pipe 172 and the pipe 175. The
section 181 det ecteaning molitian Step SThg | Wpdre qaaplationed fiseep
ST8). 15 Upon conpl etion of the counting of particles, the second
outlet port M ofladndng r -tdyersacand gont WO iof dihesed (-Sipgradm] vakewe, the
first outlet port M) of the air-operated valve VO nounted on the pipe 160

i s opened (Step Wrip clagachdStathdTar+ticl e-detecting 20 section 181
(particularly, the optical cell) of the counter 180 is cleaned (Step ST11).
Upon conpl etion of t IR QBHH: ridie iR el Gifd ot ne dm (tHhe £9SbHer at ed

valve VO is closed (Step ST12). The particles in the resist Ijguid flow ng
through 25 redatd SR FhAgRIh Ee it 1ShiP ML RIPSt Lot ed
(Steps ST13 to ST15), i.n the sane way as those existi in the resist
liquid flowing tf T‘F‘iwld}gpes“'l%‘vf\ﬁ 1s supp -lefﬁefroeatf ValyR r’?fﬁ"’és_ in

the resist liquig pump P2 has drawn the resist liquid from the

reservoir R2 via the meter L2, and the second outlet
port M2 of the valve V2 is opened (Step ST7). The

10 resist liquid is thereby supplied from the second
outlet port M2 to the particle-detecting section 181 of
the particle counter 180 through the sampling pipe 172
and the pipe 175. The section 181 detects the parti-
cles existing in the resist liquid (Step ST8).

15 Upon completion of the counting of particles, the
second outlet port M2 of the air-operated valve V2 is
closed (Step STY9). Next, the first outlet port MO of
the air-operated valve V0 mounﬁed on the pipe 160 is
opened (Step ST10). Further, the particle-detecting

20 section 181 (particularly, the optical cell) of the
counter 180 is cleaned (Step ST11). Upon completion of
the cleaning, the second port M0 of the air-operated
valve V0 is closed (Step ST12).

The particles in the resist liquid flowing through

25 resist-supplying pipe 163 are then detected and counted
(Steps ST13 to ST15), in the same way as those existing

in the resist liquid flowing through the pipe 161.



fl ow ng through resist-supplying pipe 164 are detected and counted, in the

sane way as those existing in the resist liquid flow ng through the pipe

161. 5 The resists liquids flow ng through the resist- supplying

pi pes 161, 162, 163 and 164 need not be subjected to the particle-counting

process in the order specified above. Rathgr they can automatically be
subjected to the process in any other order and at any 10 desired

intervals, in accordance with an operation- sequence programstored in a

menory. Wienever the nunber of the particles counted is greater than a

ref erence val ue, an Zhermadéeirce theotpasttdwi)esgame tdtee remist dringuikb

The sol ution-supplying S£sten1inclqding t he sol ution-suppl ying pi pe 160 can

cl ean both the pilpEingstaneughe rpsdsitcisappdydag pg peeditidoaries Kettemsader

necessary. The resist hardly remains in the optical cell of the section 181

or contam nat es2PHeCouBtPdn 181thgosame Way gsr ttholse eimtdmal8m dzhe

therefore accurately count the particles which exist in the resist liquid
f1 owi ng t hroughT@8dAtot igndd, &dpwingy Sirpued Hhee®ip@l 46d -164. The counter

180 is an_efficient %ﬁvice since it Q;ﬁ count the particles existing in the

resist liguid 25 BohPRdSthr ddgnidsptdening, thronady &hesaaidtm pi pe,

I.e., the pipes_161.t0 164. The.resist |iquids ma ave djfferent

vi scosi ti es. SUPRRYIng RAPPR ﬁﬁﬁs ié?e,qgécﬁnﬁeﬁﬁ neegu Pt Bf be

suppl i ed subjected to the particle-counting process in the order
specified above. Rather, they can automatically be
subjected to the process in any other order and at any

10 desired intervals, in accordance with an operation-
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.



to the particle-detecting section 181 in an appropriate anmount, provided
that the punps P1 to P4 are of the type which can supply resist liquid at a
different flow 5 rates. Needless to say, the punp provided on each
resi st-supplying pipe can supply resist liquid to the associ ated
resi st-applying nozzle in such a flow rate %gat_the nozzl e applies the
liquid in a desired anbunt to the wafer W The
sol ution-supplying pipe 160 is | ocated farther fromthe particle counter
180 than the resist-supplying pipes 161 to 164. The cl eaning solution
suppl i ed from thevéhnen16Risochbe, pepehl?bsiad 1Lhguefiocancbeasuppeieddes of
the pipe 175 and the sanpling pipes 171 to 174. 15 Two ore nore
sol ution-suppl yi 6g pheepanajcbe-deedcthnty saetpopeldhl yn &nr appppbyiage
different types of cleaning solutions to the particle-detecting section 181
t hrough t he pi peaiddint} fpsoyidaed bvhathéhel pampagPiotat Pénareanfbeheel ect ed
I n accordance with which type 20 of a resist liquid has been supplied
to the section 18gpeswhibthtcahespppeéylrBsant fhqusdcaton d8ffamenbe fdlowaned
efficiently and thoroughly. The particle counter 180 will be described in
detail, widh refeatese tNeedlessg. tossay, the ppmpdpsevided aboeacht he
particle counter 180 conprises the particle-detecting section 181 and the
particl e- count i ngeséetTsWPRBYingspPiRBuAaNnSEPRBlYgreghet ligquid tos&de; on
181 has a laser 183, a sensor 184, and an .

associated resist-applying nozzle in such a flow rate

that the nozzle applies the liquid in a desired amount

to the wafer W.

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. 1If 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



optical cell 185. The |laser 183 and the sensor 184 oppose each other. The
cell 185 is |located between the | aser 183 and the sensor 184. To count the

particles 5 existing in the resist liquid supplied into the opti cal

cell 185, the laser 183 enmits a |aser beamto the cell 185, illum nating
the particles in the resist liquid. The_s or_184 detects the particles
thus illum nated 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 nunber
of the particl esedthiorsel®Drhd84a hesselet 83 pda séesot he84 psendbeam i s
applied to the resist 15 liquid in the optical cell 185, the resin
conponent of theptbsaktceélljul8lseni Thellgder T$H2 anghthensénhedrf A8 t he
resin conponent |owers the accuracy of counting particles which have a size
| ess than, for eppesd ccach 26tRERR] nThe | e¢lleb82dipylenated jatweenetbensor
184 20 makes counts a, b and c of particles having sizes |ess than size
L, which are grkaser i&dnantcthenpensonflibe pBotFerrt bhetpastisless
actually existing in the resist liquid, as is seen fromFI G _ 9. (The shaded
region i FI G ®Xisbieatis the reshst 1hauidnseppliadointo theoepidsads
non-exi stent particles, due to the Iight fromthe resjn conponent.) .Thus,

the sensor 184 €@hhol8accthat bageEoldf PREEFcRelapayi Rga® §P threselnan

- 40 - size L. 185, illuminating the particles in the resist liquid.
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
signais, 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 ¢ 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



As can be understood fromFIG 9, the sensor 184 can make accurate counts
d, e and f of the particles having sizes greater than size L, not

i nfluenced by the 5 light emtted fromthe resin conponent of the
resist liquid. Therefore, the counts the sensor 184 makes of only those
particles which have a.size equal to or. gugater than L may be used to
determ ne whether or not the resist liquid contain an excessive nunber of
10 particles, not using the counts of the particles having a size |ess
than L. The threshold particle size L depends on the type of the resist

| i qui d exami nediz®ls, the paraneters set in the particle-counting section
182 for processing the signals generated by the 15 . sensor 184 shoul d be
changed in accordands ®iafhbehandessteod Hequedild. 13qie senfgnl 184
particles assune so-called "logarithmc normal distribution" in terns of
their sizes. TR8NsRAKPeACCHE & GARINES dhe @chifehiePantinkss 1t 20

Is therefore necessary .to count small particles in resist liqujid, as well
as | arge ones, PR¥1BHdEL2ES GFEELRERA Fire Ly IR Hé’rfsld'\'e’}fgi‘ﬁbw‘é tRQui d

COmLal oSt 00 MR LChe 4Ll IS SO Bob B dF RGN 4P, TS
oy e 119N STLSA T SRANSLR REOWANNY Sl i Bl g 3E° ™
correctly dete%ﬁHQEtW%%%h%%Eﬁl féém%ﬁﬁéﬁnﬁégé1éﬂgize 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 ¢ 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



excessive nunber of particles. In the present enbodinent, the sensitivity
of the sensor 184 is reduced. As a result, the counts it 5 makes of
relatively small particles are less influenced by the light emtted from
the resin conponent of the resist liquid, as is illustrated in FIG 10. It
is only the particles having a size less.thgn size L' which is |ess than
size L. The size L' is, for exanple, 10 0.16 [ERRlm 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 [ERRlm Al though the counts a
to f' the sensoitol§ormgrdd yoidatermine iwiethew erthe heignid reontbape af si ze
are relatively reduced, 15 they can be corrected on the basis of the
counts the sens@XCESSiygkamdepat ipartialdsiing in a liquid filled in the
optical cell 185, such as pure water, which contains nothing which emts

| i ght when the |aser Ifede Prgsanteenkpdinent quihe sansitivity of tleknown
that particles increases with tipe in the resist liquid in two distinctive
manners, as is FPA§OT 488d Lsh nadused 1A M@ mesulit, thhe mountks ekt i ncr eases
abruptly as shown.in FILG lAﬁé%gis I s perhaps, because the resist liquid in

the reserdoir hdgks§ of I Yarfitidte Pt et s are tfevi RELIgReRd ded
esi ot -cont  ng SRpdre: 44 St0 SRRGCHE LRBh e resi FombdnRRh A%I5he and
appropriate nea%%%ﬁ%t”&iﬁuq%,t%@?qgnillustrated in FIG. 10. 1It is

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. 1If £he 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. In this event,

the resist-coating apparatus 140 must be stopped



reduce the nunber of particles. If the particles increases gradually as
shown in FIG 11B, this is probably because the filter or the punp provided
on the 5 resi st-supplying pipe, or both have becone | ess efficient over
a long use. In this case, the either the filter or the punp, or both, nust
be replaced by new ones. In whichever manngk the particles increase, the

al arm devi ce (not shown) gives an alarmto the 10 .operator or the host
conmput er which controls the resist-coating and -devel opi ng system1 (FIG

1) when the nunber of the particles counted by the sensor 184 exceeds the
reference val ueimfediptedynt andveppropriateomepsuiresdmust e Iaken to
enbodi nents descri bed above. Rather, various changes and nodifications can
be made. For ingedoce, thhenumbegtOéo@ﬁmﬁgcdﬁﬁaraﬂést@@t@@dﬁkg t he
invention may have only one resist-applying nozzle. Further, the piping
system for suppliprungasesi gradugdilys agnghomwdainng 1o 11B,séhds dF i s not
limted to the one shown in FIG 6. Still further, the resin liquid may be
applied to LCD grababiybberanse, thesitdddest oFeheoRMIP: PraNdLads oy the

Addi tional advantages and nodifications will read- ily occyr to those
skilled i® the ZPELSEnEPEPeYdNY RdPSy Or Dok havenbesomes §sSader aspects
Is not limted tq the specific details and repr sentatlve od nts shown
and descri bed h@&éﬁﬁleﬂ cBW&FnGigonﬂéPFEUS cagsdi Iray be

made W t hout de%%gt 1thgogktt%e pump, or both, must be replaced by

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



spirit or scope of the general inventive concept as defined by the appended
clains and their equival ent. - 44 - CLAIMS 1. An apparatus for coating a
filmon a substrate by applying a coating liquid froma I|iquid-applying 15
menber to the substrate |ocated at a first position, conprising: a

| i qui d- appl yi ng nmenber for applying the goahbng_liquid; a detecting device
for detecting inpurities 20 contained in"the coating liquid;, a first

pi pe connecting a source of the coating liquid to said |iquid-applying
menber; a second pi pe connecting said source of the coating liquid to said
detecting devi cemodbfli@dtions may beswatiehivighdati depproindedrom shied fir st
pi pe, for switching supply of the coating |liquid betwen said

| i qui d-appl yi ng spitbét andseapd dét ehei ggndealcénventAmeapparcapis asccor di ng
to claim1, further conprising a cleaning unit for cleaning a passage

ext endi ng from sdeflisedtbfi hhedeppeadaddciainsdaendcthegrdegqudsalemtough
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 supplying the resist liquid to said coating
section;



10 resi st-supplying pipe for supplying the resist liquid fromsaid
resist liquid source to said coating section; - 45 - a sanpling pipe
branched from said resist- supplying pipe; 15 a val ve provided at
a node of said sanpling pipe and sai d rgsist-supplying pipe, for swtching
supply of the coating liquid between said coating section and said sanpling
pi pe; a particle-counting device for coungimgMparticles 20 existing in

the resist liquid suRpH(ﬁkféﬁﬁgﬁgﬁéﬁs¥ggné€gtpﬁggéiggﬂmmgﬁng £QbsSYRRLYI NG

the cl eaning solution to sai e-countr1 ng e. 4. An apparat us

according to clqhguggggﬁg{ gg tinq?€+€gpgr%Lgﬁeécpygaigg?ggyggﬁ has a

particl e-detecti a par count1 ng section ouﬁting

rticle- det art ‘et e count g sectT on FoF ¢ourt i ng
ot Loben 15 om | (BT & T r o T eeret 1oemret oo e DT i ng

to claim3, whergl I_siasjfjnqc)@rt I cl e-detecting section has such a sensitivity
5 as to detecfﬂ%artlc es having a size equal to or greater than 0.16

o oL L RS0 e HUELSERLOREE LR BBl
sai d sanpling liquid;

a detecting device for detecting impurities

20 contained in the coating liquid;

a first pipe connecting a source of the coating
liquid to said liquid-applying member;

a second pipe connecting said source of the
coating 1iquid 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 liguid 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 ;esist—supplying pipe for supplying the resist
liquid from said resist liquid source to said coating

(e

section;



10 pi pe and said resist-supplying pipe. 7. A coating apparatus

conprising: a coating section for coating a resist | ~obj
l'iquid source for supplying the resist 15 liquid to
a plurality of xes st-supplying pipes for supply-
liquid source to said coating section; a
resi st-suppl ying

- 46 - a resist

sai d coating section; _
the resist liquid fromsaid resi st _
plurality of sanpling pipes branched from said 20

pi pes, respecti

sanpling pipes on the one hand and said resist- supplying pipes on the

vel y;@ PR} NG tBiRe heanehedrxometpid ¥RUbstof said

|l iquid on an obj ect;

i ng

other, each forSYREYEHHPRMDIy of the coating |iquid between said coating

section d 25
sanplingﬁgipes
measuri ng pi pe,

suppl i ed from eH¥

sai d nmeasuring
particle-counti
particle-counti

20

25

10

one sanpling pipe; a measuring pipe to which said
are kY cEr%VJp%‘P@i%Feac%%‘Pi‘hg : t Bl
for counting particles existing in the resist liquid
% sid Fes ety

Lh
. devi ce has a. particle-detecting section and a
gr}agl(gesca}r? 19PNt i ng

a particle-counting device for counting particles
existing in the resist liquid supplied from said
sampling pipe; and

means for supplying the cleaning solution to said
particle-counting device.

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

3. An apparatus according to claim 3, wherein
said particle-detecting section has such a sensitivity
as to detect particles haQing.a size equal to or
greater than 0.16 pum.

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

7. A coating apparatus comprising:

a coating section for coating a resist liquid on

gy

an object;

VPR pHRIPIBR BOT switchingafuppéy Of
' h I ' | utjon, aid partjcle-counting device through
o d neasuri ng Broc o i HgkahEfucel iy corcial meetidneretn said

PRid cearphiBgt B4PEo sai d



10 only particles other than those which said particle- detecting

section has detected fromlight emtted fromresist |iquid. - 47 - 9. An
apparatus according to claim?7, wherein said particle-detecting section has
such a sensitivity 15 as to detect particles having a size equal to or

greater than 0.16 [ERRfm 10. An apparaggs-according to claim 3, further
conprising a plurality of filters provided on said resist-supplying pipes,

respectively, and |ocatmsbsidx liquipdtseareefféohesupsiesing e deéai®ti ng
pi pes on the one hand and said resist-supplying pipes on the other,

respectivied y. 1lllidhichaio ngisppesat Lisg coeptionng: a coating section for
coating a resist liquid on 25 an object; a resist liquid source for

supplying the resist dipjnixhxicyarfl reststgswpelyiong piassst st pphypIg-pi pe
for supplying the resist liquid fromsaid resist |liquid source to said
coating secti on;irsg scheplnewi g plei dpu b cfoeon f s id see gl stesi isjuid soursappbyi ng
pi pe; a valve provided at a node of said sanpling pipe and said
resi st-suppl yi ngspidpesodtoimgvéecthion; supply of the coating |iquid between
said coating section and sai d sanpling pipe; and
a plurality of sampling pipes branched from said
20 resist-supplying pipes, respectively;'
a plurality of valves provided at nodes of
said sampling pipes on the one hand and 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 particleé 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.

LU



10 a particle-counting device for counting particles existing in
the resist liquid supplied fromsaid sanpling pipe, said particle-counting
device having a particle-detecting section and a particle-counting - 48
- section for counting only particlegyother than those 15 whi ch said

particle-detecting section has detected _fr.om |i ght 1t3 ed i esi st
liquid. 12. An appatat AR 2BPGFAWNG AFCOES NS FO \%%gr?gﬂl n—}’sai";(g{e(%rglne

Paving a si zo SAjdAPaES ol zge et thg] 3 B ] sBid REHE e ey D0
cocordifie 10 D S K SO igr f Wity i ded g sald
pipe and 21T LSS WML PUAS: 25 0 cocuinr angPbhL SISO NG,
ST st ! B ook AR e AT b Cp sk ear el o
An appar at us accoréj].lssjel%lsé '?af %%ﬂa%ff[%%rﬁl%és prog,aydgd)qﬁ i$d g3 det ecting

section has sutH® tect particles having a size equal
(o o reat ot SUBNG AAERTToden A BB SRt i AGibancsi st 11
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 éoating 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 coﬁnting particles
existing in the resist liquid supplied from said
sampling pipe, said particle-counting device having a

particle-detecting section and a particle-counting

I



(a) holding the substrate; (b) determning a mninum particle dianeter of
particles to be counted and an allowable maximum|imt nunber of particles;
- 49 - (c) irradiating a resist solution held in a supply path between a
resi st supply source and a nozzl e, mﬁ%g | ight and detecting scattered |ight
conponents which are scattered by partfcles, so that the particles
contained in the resist solution are counted according to different
particle dianeters; (d) setting the nozzle at a use position and causing
the nozzl e to sagyilon tfloa rcesirtiimplonlwrpdrt tdies dihamttthamhegmosde nunber
of particles which are included in the particles counted in said step (c)
and havigs part ivilieisaiel eatgicdad-ate tdmnindesed tnionurhgmrde ot et eld afieomwr i s
| ess than said allowable maximum|limt nunber; and (e).spreading the resist
sol ution over Yight esiiditesblfitaronced it ebigiiodm ng a resist filmon the
Substrate. -- )
12. An apparatus according to claim 11, wherein
said particle-detecting section has such a sensitivity
as to detect particles having a size equal to or
20 greater than 0.16 pum.
13. An apparatus according to claim 11, further
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 sectibﬁ has such a sensitivity
as to detect particles having a size equal to or

greater than 0.16 um,

16. A method of coating a photoresist film on a
substrate to be processed, comprising the steps of:
(a) holding the substrate;
(b) determining a minimum particle diameter of particles
to be counted and an allowable maximum limit number of

* c L M S *

particles;



- 49 -

{(c) irradiating a resist solution held in a supply path
between a resist supply source and a nozzle, with light and
detecting scattered light components which are scattered by
particles, so that the particles contained in the resist
solution are éounted according to different particle diameters;

(d) setting the nozzle at a use position and causing the
nozzle to supply the resist solution to the substrate, when the
number of particles which are included in the particles counted
in said step (c¢) and have particle diameters greater than the
minimum particle diameter is less than said allowable maximum
limit number; and

(e) spreading the resist solution over the resist

solution, thereby forming a resist film on the substrate.--

(e



