. e3e(Eb(B||\6Tb*-1- SUBSTRATE PROCESSI NG METHOD AND SUBSTRATE Fﬁt&ﬁ%%&NG
APPARATUS Background of the Invention 5 1. Field of the Inventton e
present Jinvention relates to a substrate processing nmethod and a substrate
sprocessi ng apparatus for formng a desired resist pattern o e
of a substrate such as a sem conductor wafer and an LCD 10 gmﬂwmmmmmMHEW
Description of the Related Art For examplel in-a photolithograph%mggocess

in sem conductor device fabrication, a resist filmis forned on a front
surface of a sem conductor wafer 15 (hereinafter called " a wafer” ), and

after exposure pr@ﬁﬁéﬁéﬁﬁhiﬁkéﬁﬁé§iﬁ@qMEfﬁqﬁlﬂﬁbn BE ﬁipﬂo$$?ﬁgﬁéorned,

whereby a predeterm resist patternis forned. Such a photo ogr aphy
process is performed. by 20 transferriggparagfgr to and froma resi st
coating unit for formng a resist filmon the wafer, an exposure processing
unit for perform ng exposure processing for the wafer, and a devel opi ng
processing unit for perform ng devel opi ng processing for the wafer after 25
t he exposure processing. By tBsck@yound o€cehé yemeestiandenand for

m ni scul e resist patterns formed on the front faces of 31 AUG 2(p4 2
waf ers has beerl.i ncritizslet], o fanthenelmoeentiars required to control the line
wdth of a resist pattern nore tightly. Conventionally, the line wwdth of a
resist pattern is cdthe @tespit ugntiommrekates tora esabgteatean operator
actual ly neasures the |ine width of a resist pattern on the front face of a
waf er transfer RePIasFRichae:hadiand G HURRF S RERISH P SRRIAMS usi ng
an SEM then determ nes, whether or not the line width is énclud din {he

range of the sP&d fiERIhS deflgsbdetifE RATHIhAD dh T (PR t o
t he processing condition of each processin ni.t. Ho r he
af or grrent i oneg %ﬁ‘ﬂ%ﬁiﬁl t%qhiasgcﬂ/aﬁ%ecg’cg?éﬁoeﬁm%f% 31'55 an eIB'(%Densi ve

SEM anqdﬂuﬂ1tgdg%é¥g¥éﬁfort for measuring a line width

2. Description of the Related Art
For example, in a photolithography process in
semiconductor device fabrication, a resist film is
formed on a front surface of a semiconductor wafer
15 (hereinafter called “ a wafer” ), and after exposure
processing is performed, developing processing is
performed, whereby a predetermined resist pattern is
formed. |
Such a photolithography process is performed. by
20 transferring a wafer to and from a resist coating unit
for forming a resist film on the wafer, an exposure
processing unit for performing exposure processing for
the wafer, and a developing processing unit for
performing developing processing for the wafer after

25 the exposure processing.
By the way, in recent years, a demand for

miniscule resist patterns formed on the front faces of

o
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Further, on neasuring a line width by using the SEM the wafer B3sat® 20R
tenporally carried out and transferred into the vacuum sanpl e chanber, thus
causi ng the di sadvantage of the wafer being contam nated. 15 Summary of the
-Invention Statenments of the invention nay be found in clains 1, 14, 15, 19,
20, 22, 31, 32 and 36. An object of the pyesent invention is to provide a
substrate processing 20 nethod and a substrate processing apparatus capabl e
of controlling the line width of a resist, pattern with pl% qreci%'m)nf
Accor di ng t ovafers hgg b@gpé@@regﬁeq,@%h@g%l@ 1§ 1RAsiTer dQ conrafiheting; wiatn of a
processing nethod for formng a resist filmon a substrate with a base film
bei ng f or mediesitgaftertt mone tightin Erpeentianally olhedisienyidinaf a resigt patiQuis 200 -
3 devel oping processing for the resist filmto thereby forma desired

resi st patt egghtrsliednhisties aambaser agffbeexardple, ghtopenatioy actually egasufres the
radiating a light of the sane wavel ength as an exposure |ight radi ated

during the CHRORMLE Padeei? badein%r e PGaké bianstepftahsfered froehé ect ed
e

| i ght, befor ormng the resist film and a processing condition control

step of controll.ing.. i SLinf i ) itdon, a
congi tior fof®S Stﬁggpﬁéalngfd}é’ggﬁnrégﬁ%eﬁpﬁﬂ gélﬂéédgféglr’ ?Pt“ﬁgd?%gﬁiésﬁi Imis
formed, an expogure processing. condition and a e i : i.N

condi t] on. BHBEEESp et SRR TER (AR e s Bb e SpEbREaRTsy tnc
invention is made in view of the fact that the exposure lj%ht is reflected
on the base faedsitba detgraynation asyits bask & the @roé’ﬁsg'ﬁgl%’@ﬁﬁ@ f €3¢0 exposure,
whereby the line width of the resist pattern is varied. For exanple, S Q2

and Al with giddessimgtudif.ght reflectivity are forned as the base filmon a
20 sem conductor wafer as a substrate, the ratio of the area with SiO2 and

the area with Al diff&es theGRb@mihtionetthetbiot tastthpalidaivantayescofirequiidg and
the reflectivity state of a light on the base filmdiffers according to the

ratio. ﬁ@sfgg?@%}ﬁsw%%ﬂe?ﬁg%ﬁh Ak LRide ot for eddIRRg WIS widtR. same

conditi ne-w o] he resist pattern differs according to the

reflectivity_of the |ight on the bha i | m us, in
t he present FHUBﬁ{’iQShE“%BWW%EB'P?S’&aﬁ}éV Lg#]petgéiév%ﬁ;%gﬁyﬁéhgést%g il mwith
a light of the sane i )

temporally carried out and transferred into the vacuum sample chamber, thus

causing the disadvantage of the wafer being contaminated.

15  Summary of the Invention

Statements of the invention may be found in claims 1, 14, 15, 19, 20, 22,
31, 32 and 36.
An object of the present invention is to provide a substrate processing
20 method and a substrate processing apparatus capable of controlling the line

width of a resist pattern with high precision.
According to a first aspect of the present invention, a substrate

processing method for forming a resist film on a substrate with a base film being

formed, and performing an exposure processing and a



wavel ength as the exposure light, an influence that the base fi#ﬁ‘ﬁﬁ%@hﬁ on
t he exposure anount during the 5 exposure is accurately found, tThereby
control)ing the resist coating condition and the exposure condition. It

-shoul d be noted that even with use of the |ight of the same wavel ength as

the exposure light, the radiation is perforned before the resist filmis
formed, 10 thus causing no adverse effects on-the resist pattern. According
to a second aspect of the present invention, a substrate processing nethod
for formng a resist filmon a substrate with a base film being fornmed, and

e oM Ng an BERERUREnD pEBESLAING Y0P LReIPUEIOR BO1AT ECRAPALYO! L Ne

resist filmto there m a desi resi st pattern, conprises a base

reflected |ighgopnakygbigratiePesistaghttibbt, achbingbises Hubhkel € wavel engths
to the base filmand analyzing a conponent of the sane wavel ength as an

exposure |ightr@@1eadeat edgHur hng1yAengxpeeyr efprageasing aulightt be
reflected lights before formng the resist Tilm and a condition contro
step of controthengant wageleagehohsaaneexpbshirknilighti pgddanddti on, a
condition for heating processing perforned after the resist filmis forned,
25 an exposur edprangsshegezpondiurieopranesaidgyvebophrgbpeecé&ddinngndonditi on,
based on the analysis of the reflected |ight. ~ ~ Au6 200 - 5 According
to the above conflyaiagi enrefyegsedglibbtl, i gefose Formipbethgy&redgths,
even when the wavel ength of the exposure |ight varies, the conponent of the
same wavel engt FidBt BEdeRpBEAFESELEN CPEIAkAPR, E@N6EP LoFtERe Ofef | ect ed

i ghts, thus nakin% it,%ossible to find an influenc?.ghat the state of the
base fil m exer CONEROLALNG AE heask Ofe: AL PeLeSishalidfn FOXEESYding to a

third t of t t t.i t rat I thod f
formng o 10 r E8PALTRPP Bn o8 EABAPPatEhurt REAE 8B CEoBR4EY | | m bei ng.
for med Qd FrapéE%B & %%%e%“Qi%r%%giE%W&iﬁhfqgekorﬁgﬁgrb%?%#§o%%%%
reflect | i ght "anal'yZing step of radiating a i ght of the sane wavel ength

as an exposur epli,ghksiifgl BendlitdBa adld adlRkRAREng peble@eatgls |1 ght
before formngthe resist film a step for obtaining an opti mal exposure

processi ng congphigqition,t Based eneanbanad yel said fakdley HeF 1elctiade lriefitact ed
light, and a step of outputting the obtained optiml exposure processing
condition to the al Mreprasémt Hhisrennion hies Aadd nm wiidivh ooff dHee faest st
pattern can be controlled with high precision. According to a fourth aspect
of the present thatethieoexpassures tlighe [isocefdiend edeomod hfeobafser fiidg a
15 on exposure, and this exerts an influence on the
exposure, whereby the line width of the resist pattern
is varied.
For example, SiO, and Al with different light
reflectivity are formed as the base film on a
20 semiconductor wafer as a substrate, the ratio of the
area with Si0, and the area with Al differs according to
the circuit pattern to be formed, and the reflectivity
state of a light on the base film differs according to
the ratio. Consequently, if the resist pattern is
25 formed under the same condition, the line width of the

resist pattern differs according to the reflectivity of

the light on the base film.



an exposure processing and a devel opi ng processing for the resis

resist filmon a substrate wth a base filmbeing 25 forned, and‘%p]%qv 1 ng
[
6

thereby’/forma desired resist pattern, conprises a step of 8 1 AUG -
-radiating a light of the sane wavel ength as an exposure |ight radi ated
during the exposure processing to the base filmand controlling at | east
one of a resist filmformng condition-andt an exposure processing condition
5 based thereon, and a step of measuring a resist filmthickness with use
of alight of a different wavel ength fromthe exposure |ight radi ated

during the exposure processing, after form.ng.the resi fJ.].ne ording to
t he above confi gur ati g\’ tlﬁ’eqﬁq]egrﬁre&enlto THEN AR « eﬁ‘genag%dnﬂanfﬁheé -

exposure |ight
resist filmis

S HEFLRT bR bR pESSinnal Bk, CTEf, % S Her

exposure |ight da@eﬁga%thaggvggg i es]gﬁ;i}ctilslrzﬁ& Llad BRI SN tife

performed w t hout

avi-ng a on the resist pattern.

According to abfaiifet 1} ja3P lerdls 0B tHeL EBiPoduPee Hnidiht A Mdle

processi ng net ho
rotatinggthe s
centrifuga

for supplying a coating solution to a substrate and
ehglosalre tie beeuatitsIy auhind|e theatdbyy conlttidlanidy the20

force of the rotation, then further rotating the substrate to

t her eby spi n- dmestis ecoalting senditdmn etprits rexpaswoos redraditoion.
calculating step of formng coating films at a plurality of spin rotationa
frequencies in 25 a Ir edeturdribree chotatt et hmts eavern wittetuserqlettiie| hight

t hi ckness,

and based thereon, obtaining a correlation between the spin

rotational freqfedde sane wavidlangtls as Ale mpposure kightunde a j udgi ng
step of judging whether the target filmthickness is, included in_a range of

the coating fi GaddRtdioteds Pefors, Pafie e diesith dibhats 1t cy

cal cul ating st
when it 1i0s jud

Fhaix RIS e GRS AR | rRT i FRCCREDT ange |

in the judging stepaﬁacgd (g{o&(ﬂ:%%:l%l%% @%@t%%%# ogfll tlfl egyggéf;gtby whi ch t he

filmthickness is a

ove configuration, by only

10 inputting ang, 3&1didi0 & EHIEAIESHeddd M MARSSSfor forming a

15

20

25

resist film on a substrate with a base film being
formed, and performing an exposure processing and a
developing processing for the resist film to thereby
form a desired resist pattern, comprises a base
reflected light analyzing step of radiating a light of
multiple wavelengths to the base film and analyzing a
component of the same wavelength as an exposure light
radiated during the exposure processing out of the
reflected lights before forming the resist film, and a
condition control step of controlling at least one of a
resist film forming condition, a condition for heating
processing performed after the resist film is formed,
an exposure processing condition and a developing
processing condition, based on the analysis of the

reflected light.



the rotational frequency of the spin chuck can be set. Further, iq“k$gnk
present .invention, in view of the fact that the rotational fre&h ncy during
spin-dr? rat her than the rotational frequency during spreading of the 15
.resist solution exerts the greatest influence on the formation of the film
t hi ckness, the spin rotational frequency is set according to the film

t hi ckness of the resist film This makes i% possible to performthe control
of the filmthickness accurately, and as the 20 result, the line width of a
resist pattern can be favorably controlled. According to a sixth main

aspect of the present inventiaqn, substrate processi.ng apparat.us f
forming a resist filARGHF %%ﬁr % ARITF ézodg‘éeg‘ﬁaﬁ‘rﬁ(%bﬁ ﬁ% ot rrt-ic@e}{ae and
perform ng a heat .progessi e Fyon tr ferringt SR to
an aligner, anﬁﬁ%ﬁf@ 'nﬁl&r%gpé%vé"%’% r(fzgn %%desegézlgw oérnt hé‘?vl?bst%{gg&? 8 9
AUG 20p4 _ g _ JG§ieY i §a6i e Wi R SHetiHE S AnRST St
pattern conpri Séfg%gfeb%g(éoisgﬁe;gﬁggﬁ ig’%letgﬁal yZI ng cFI?\?}r ce for radiating a
light of the S%J&%é&%f@ U 3% WkORIYN8 JHIONs TAHIYARY GHt HE Ahd
exposure processing t ‘?ﬂe base fil'm and agkrocessing%ionQipion controller
for control Ii nge1d@ast 19/t@f, anesnikifnd M PoBslipieordd tiiaa an
condition for the heating processing, an exposure processing condition, and
a devel opi ng priocAsfEnge aondi tihen swaaed ofh e Khsnal s exdrisheon efliect ed
light. According to the above configuration, the reflection of the base
filmis neasurdding twidtite dfi gilte ofestile gmttesavel ength as t he exposure
l'ight, whereby the influence that the base fil mexerts on the exposure 15
amount is accur at el yAdearding Hed ebythviid mpepecthtithe peemErol the
resist coating conditjon and the exposure condition. Accordiqgﬁtp a seventh
aspect of the prEEIHLQIW ehtSHIStRALS AR MDA T hnd
formng 20 a resist filmon a substrate with a bagg film eiqgu%oined and
performlfy a hdfiSifodesldt RP hS WM aGh T A 73T 0 (i ubktPate to
an aligner, and performng. a devel opi rocessi ng .for th bstrate
received from tfet™d |f[g‘hré?gq c?rfcﬁetrre"ﬁgﬁ#]%‘r ng 3%5%‘? rsgbb%srér%gig# %Batt tern,
conpri ses a bas ct i i i f L atdhg: Ayl | ght of
£ R L0 Sindd Al A Al Nk FRNd €8 T P1 g AU R 1 Ag

mul ti pl e wavel eng ase fil'man yzing a conponent ~ ~ AUG

2004 _ 9 _ of thesa8e ﬁ'@d’f&ﬁgﬁfha@i eXPOoSH es A avarésgel gerang an

exposure processing, out of ected lights, and a processing condition

control ler for &gidpte i Ny ireasie WEigied 40| stalysmg od nteglectdition,
a 5 condition for the heating processing, an exposure processing condition,
and a deugl opi NYi glioassSory forming the resist film, a step for
obtaining an optimal exposure processing condition in
the aligner based on an analysis of the reflected light,
and a step of outputting the obtained optimal exposure
processing condition to the aligner side. Thereby, the
20 line width of the resist pattern can be controlled with
high precision.
According to a fourth aspect of the present
invention, a substrate processing method for forming a
resist film on a substrate with a base film being
25 formed, and performing an exposure processing and a

developing processing for the resist film to thereby

form a desired resist pattern, comprises a step of



condi tion based on an analysis of the reflected light. According to the
above configuration, as a result of utilizing the I'ight of nul 8ilpAdG 2004
wavel endt hs, even 10 when t he wavel ength of the exposure |ight varies, the
-.conponent of the sanme wavel ength as the exposure |ight out of the reflected
lights is analyzed, thus nmaking it possible to find the influence that the
state of the base filmexerts on the I+ne &i dt+h of the resist 15 pattern.
According to an eighth aspect of the present invention, a substrate
processi ng apparatus for formng a resist filmon a substrate with at |east

b fil m bei for.ned d i h | J
compr i ses & baAHiaHIE, &l A Sindmy PSR e TR 2 ol sabehn Y
t he sane wavel gl I% %Cﬂgt@&o lfﬁ_gl |tglrét é)%oltsmrﬁere.glr?]%ssq_% qRalyigd ng the

reflected |ight "Béfore Tormng esi st exposur € processing

condi tion cal Cgia%fei ’f&lﬂ?%ﬂgﬁﬁ doffe roA 1IGRIAIAH NGat Qifd B LA £ilm

processing condition In e aligner based on an analysis of the reflected
light, and an @&rtitndGne fion QNP W idigddirlpridit ing condli® idmp, ~ -
to optinmal exposure processing condition to the aligner side. According to
a ninth gspect Wfsddhe et dmyentstep of sudstumniey @ aresistnd idppar at us
for holding a substrate on a substrate holder rotated by a driving device,
suppl yi ng a coathimknessutwidrh tuse lef suldsitghdt efared didifarent waveslgngtat e,
and spreadi ng the coating solution by a centrifugal force of the rotation
to thereby forficonddtd rexdasune drjghts eadiiahssh (it iand Cheote¥pUiEpeed
setting unit for setting a spin-rotatjon speed for the coating solution,
and the rotati ®FosREsdnGt taffeudfiarnigmh i Les ksl ofet ™4 | m t hi ckness

tting device f tting a target filmthick f.th tjing fil
Spin rotational fredtRIRSAING | HonHEe (HRENR P LIV ERSP0n LB bbb ce
for stori |'ation bet the .spi tat] d th
{1 m t hilSkneas 1S N FRTETd 1ih 20 B SR i B SF 700t onal
frequency cal C%{é&x@ &?%’irceesifsﬁ:r Pﬂ%%’ié‘t dhfed 2rget {18 tihEknesssset by
e (0]

the film 20 thickness Setting device e correlation stored 1n the spin

rotational frequentyis fdigad hia@%&m%@@dm&&m&&@émhand

cal cul ating the spin rotati onal equency for achieving the target film
thi ckness baseddieram. e AREO Di gk t0s tiedpoyed cetis grapiows, kndy by

inputting and setting a desired resist filmthickness, the rotational
frequency of thef apdsiemdntacdie setper f@rmedusithout nhavimg hadverset he
present invention, in view of the fact that the rotational frequency during
the spinsdry rafectdaon ttiee roesistonadtiesguency during the spreadi ng of
the resist solution exerts the greatest 5 influence on the formation of the
filmthickness, the According to a fifth aspect of the present
invention, a substrate processing method for supplying
a coating solution to a substrate and rotating the .
substrate to thereby spread the coating solution by a .
20 centrifugal force of the rotation, then further
rotating the substrate to thereby spin-dry the coating
solution, comprising:
a correlation calculating step of forming coating
films at a plurality of spin rotational frequencies in
25 a predetermined range based on a set target film

thickness, and based thereon, obtaining a correlation

between the spin rotational frequency and the film



Spin rotational frequency is set according to the filmthicknessg ¢fAUG2004
resist film Hence, it becones possible to performthe control of the film
t hi ckneds accurately, and as the result, the line width of the 10 resi st
-pattern can be favorably controlled. According to the one enbodinent, it is
preferable that the apparatus further conprises a filmthickness neasuring
device for neasuring the filmthickness of7the-coating filmfornmed by the
coating filmformng 15 unit, and a correlation cal cul ating device for
obtaining a correlation between the rotational frequency and the film

the” coat 1 ng 1 FIHBAETFq 2oyl A B Fheeh kg B AR s gt >®
according 10 ! B3 130N RAUS0 YAl ddl 50T HldedRA U AR P PI N

rotational frequéncy o € coating solution an i I'mthickne

obt ai ned at th%itlmb%gi%%['\ﬂnnghteh%bwédiste ) hefuyie LR SBThA5

producti on process, an use of this, thé spin‘rotational frequency can

be set. As a regidqduencly RAAXMAANRS isted I0F Spllyihe Rile flrRfdtormllm
frequency 8 1 AUG 200g - 12 w ?%I(S)ut eg)ependi ng %n c')fhe errpix%fécal val ue of

an oper aor anahiilknldslee oW @or reaeidmartien tite ief hpidqee wnddient ,

it is desirable that the correlation calculating device 5 obtains the
correl ati on batadget tfidnf idhmcknesisndss iofcliduked dat ithe fudngd admratheat each
rotational frequency after the coating filns are fornmed at a plurality of
spi n rot ati onaljuldgdage sdieps iamda ortedatigvgvianexp imampta e ldi frpauendie
above configuration, the 10 correlation is obtained only by making the

spi n-notion a pivurdiiichy tdre tfidays thicknassddiseraghie@yathr r ow condi ti on
deriving range, thus making it possible to finish derjving the condition
and setting the spi PGREAIHHAC f‘?réeqL?é?fb‘Sﬁi‘?P%f’cﬁﬁ%?’a‘?’?vg?Xl t time. 15

Ho o hi, it f.er abl h, he fil hi [
de?ZZr 46t or i MRS gL AN SRS ¥ (497 LR T & 1HEI JURIT e r ange
the filmthi f. t t] j | [ j t,at i I
Frequenci es | n T oratdcti dag s 'O D diEh Enit Bd o -
cal cul atl ng_dewhGR Rl alh iR SAEAL| S ARCRA0TD Idh dhakangg.ol the
requency bel ng shifted, en t

spin rotational _ _ e target filmthickness is
not included t R4 theG A hd10 fienalie diﬁ"‘ifﬂdc_gttgp?\ix_ii&hay whethéhe 25
et erm ne

desired filmthickness is not included in the pre range, the
correl ati on canh aleirtathtional frequency during spreading of the
15 resist solution exerts the greatest influence on the
formation of the film thickness, the spin rotational
frequency is set éccording to the film thickness of the
resist film. This makes it possible to perform the
control of the film thickness accurately, and as the
20 result, the line width of a resist pattern can be
favorably controlled.
According to a sixth main aspect of the present
invention, a substrate processing apparatus for forming
a resist film on a substrate with a base film being
25 formed and performing a heat processing therefor, then

transferring the substrate to an aligner, and

performing a developing processing for the substrate



once again, thereby making it possible to set the spin ~ 1 AUQ 2106 §

rotatiopal frequency nore accurately. It is preferable that the shifting
anount of the range of the spin rotation frequency is automatically
.calculated fromthe correlation already obtained. 5 These objects and stil
ot her objects and advantages of the present invention will becone apparent
upon reading the follow ng specificati-on when +aken in conjunction with the
acconpanyi ng drawi ngs. Brief Description of the Drawings 10 FIG 1 is a

pl an vi ew showi ng a resi st coating and devel opi ng system according to an

enbodi nent of &%%GRE%%E%EOhgﬁﬁ tEﬁqbnékgrg?tT§I%§EL?é?mV5?Wegﬁr%%e resi st

coating and developi ng sys shown =i n 31s a rear view of

Lhe resist coatifag AndALGLORAGILHECH TARW ot 1fBBedli skE 4 is a front

view showing a flow of air int resi st coating and devel opi hg system

shown in FIG 1LnadQqfing devived ﬂdﬂ%dﬂa&ﬂn@h%wlﬁglﬁ e isame _
configuration of an alignnent unit shown in FIG 3; FIG 6 is a front view
showi ng a schermiied et Gi¥ aln xpsuae adgmhtalighieteshauriing RInG 1; FIG
7 is a schematic bl ock diagram showi ng a 25 systemconfiguration; FIG 8 is
a flowchart forexposhaienipipossipey ddd dheofbasee fSyist,ermnd a3 proc&s@ingp~ - 14
FIG 9 is a graph showi ng an exanple of relation between reflectivity and
an opti mal resiconditimn akhredsierrifer m@ntyrad lgmgplats Hegsty ane ©fal e of
relation 5 between resist filmthickness and spin rotational frequency;

FIG 11 is an egsistatfolyn dicagring sordigrigtbsa mpndifiian fiar £hesi st
coating unit; FIG 12 is a diagramfor explaining difference jn 10
reflectivity ofl9atgMg RFoCessidig 138 FARSSUES REOL AR AIWH N ai ni ng

Y P
ool on: P P R ot 20T Shovng 2 Bvster,
aligner according to,&td)diANotderns MY &edn £ g Fer Fo85 ke
reflection of the base film is measured with the light
of the same wavelength as the exposure light, whereby
the influence that the base film exerts on the exposure
15 amount is accurately found, thereby making it possible
to control the resist coating condition and the
exposure condition.
According to a seventh aspect of the present
invention, a substrate processing apparatus for forming
20 a resist film on a substrate with a base film being
formed and performing a heat processing therefor, then
transferring the substrate to an aligner, and
performing a developing processing for the substrate
received from the aligner to thereby form a desired
25 resist pattern, comprises a base reflected light
analyzing device for radiating a light of multiple

wavelengths to the base film and analyzing a component



invention; 20 FIG 17 is a plan view of the edge aligner in FlG3 1&UGF06
18 is a ,schematic block diagram show ng an enbodi nent of a control system
accordiﬁg to a coating filmformng unit and the present invention; 25
.FIGS. 19 is a flowhart showing a condition deriving process; FIG 20 is a
di agram for explaining cal cul ati on of 8 1 AUG ?pp~ - 15 correlation
between filmthickness and spin rotational9freguency; FIG 21 is a diagram
for explaining calculation of the correlation between the filmthickness
and the spin 5 rotational frequency; and FIG 22 is a diagramfor

expl ai ning cal ¢y glthieor%aﬂfe %Q’e%r{g}haggo%égg’%hﬁ%ﬁ i A igss and

the spin rotation frequency. he Preferred

Enbodi ment 10 A Taer ?%JM i e Rite N trd RN PN WHtls e
expl ai ned vvithla‘r%{e g&gr?ce eix t he draw ngs.lrﬁ' shown in FIG 1, a Wr@esi St

coating and devglPRi REcreHsSMgl dbid iR Aty 1ald PrEd M ottt iaRsset te
station 10, a processing station 11 and an 15 interface section 12 are
integral |y connactiefhsth ches &t emdeyistoatilng forseirig aruhitiiomafer with a
chem cal anplifying resist and devel oping the sane. In the cassette station
10, as shlown i edrditibn &£qd wiaed iteatdfng fporoceaipie, drow@idpassettes C are
20 mounted in a line along an X-direction (a vertical direction in FIG 1)
W th respecti venacassiigly mondltrion + rndvd devglaring RIRCYFDERS Si ng
station 11 side at_positions of positioning projections 20a on a cassette
nount i ng t abl e CXOYdiA igdY drased Qrerany @naly s rﬂfiva‘}ﬂ% reflected HIetion of
arrangenent of the cassettes C (the X-directio n the directif@ of

arrangement of the WBFREIIRRRR N ARYES CR1 ?@%%%nz-ﬁf’r%clf?%ﬂ 31
AUG 2004 - 16 vertl GAl, Gid 4Gt Mg &F Ml AL TPVl &1 Bh 9tk 2 S8LE T e
10 when the wavelength of the exposure light varies, the
component of the same wavelength as the exposure light
out of the reflected lights is analyzed, thus making it
possible to find the influence that the state of the
base film exerts on the line width of the resist
15 pattern.
According to an eighth aspect of the present
invention, a substrate processing apparatus for forming
a resist film on a substrate with at least a base film
being formed and transferring the substrate to an
20 aligner comprises a base reflected light analyzing
device for radiating a light of the same wavelength as
an exposure light in the aligner and analyzing the
reflected light before forming the resist film, an
exposure processing condition calculating device for
25 obtaining an optimal exposure processing condition in
the aligner based on an analysis of the reflected light,

and an output device for outputting the obtained



path 21a, and is structured to be selectively accessible to eachl1oAUG gy
cassettes C. The wafer carrier device 21 is also structured to 5 be
rotatablle in a a -direction so as to be accessible to an al i gnnent unit
.(ALIM and an extension unit (EXT) included in a nmultistage unit section of
a third processing unit group G3 at the processing station 11 side as wll
be described later. 10 In the aforenerti 0ddd processing station 11, as
shown in FIG 1, a vertical carrier type of main carrier device 22 is
provided in the center portion thereof, around which a pair of or a
plurality of pairs of, variqus. pr i i . eSS . rs are
15 multi-tier eé’qt&"}?éf ieﬁ‘équlprregcp%s%?e%lgqgﬁu{yog‘?iol}}&{ 3:(6'( ﬁ%{é:%slﬁ' coati ng
and devel opi ng em1l in this enbodinment, five processing unit groups Gl,
X, &B, A, an ‘are arranged. The first and the second processing unit

group Gl and & are RdARIE b then ARH rfedt dsr ofnéd rsystem the third
processing unit group G3 I s arranged adjé%ﬂ%t to the cgggette station 10,

and the fourth fRGASKHNI dNHdbd@ite Grddesyy imgshatitnenior hhdlhking
interface section 12. Moreover, the fifth processing unit group G5 shown by

the broken |ine Zuhstwtteangeth Gubdsteratearhalider rfdteatad rbyar rdeivideyi ce 22
is structured to be rotatable in the 8 -direction and novable in the
Z-direction, antetiensfsarmsplhenged eroaving soJAUGRO0Z -tHg sulkstrrld r om
each of the processing unit groups GL to G5. As shown in FIG 2, in the
first processimpdinrataging the sukstptmerand prgading e PAFRS, for
exanple, a resist solution coating unit. (COT) and a 5 devel opi ng processing

d
unit (DEV) in vﬁﬁ%#ﬂféd&eﬁrﬁ%b@‘&@ssﬁ%@g?so%e?h%r%ﬁaﬂ B tPe wafer W

bei ng placed on a spin chuck inside a CP are, vertically twtiered. As
in the first pw?h%ﬁé%meQﬁWtagﬁ?ﬁﬁ}Qﬂﬂéiiﬁt?ﬁygﬁiﬁﬁ@ Pr %%%E?% Sunit group

@, i . 10 of i i | e, . i i
ani ¢ (0 and SOYREATR Sheptrre 1) Wit “tes PSP Bt Par B4R | 0°
the resist Coatérﬁ%eéjr%cgr( @#@Mf é%ﬁ%‘%ﬁé A/}{d_stﬁét%%@&iéﬂfsﬁéégm e,

at about 3000rp y neans o0 e spin resist solution is 15

supplied to itss&@@iﬁ%()l}ﬁ%n@oxﬁ@ﬁé@s 4 OFa £JSEPE £1m 6h S6RNBs & NsEL €ing0. The

supply of the resi st ution 1s stopped, for exanple, two seconds

thereafter, andydhfcaefer Mtcinlatesraét abdlh 2ROOkNEBS copether m spi n-dry
for about 15 seconds to 20 seconds. The configuration 20 of the resist.

sol ution coati ngoating (£{Im, wal spbe desstideal | itequedsyshofnlimn FIG 3, in
the third processing unit group G3, oven type of processing units each for
perfornmyg predehickness pooretstionvstbrahe davece Wos depngngl aced on a
mounting table (not shown), for exanple, a cooling processing unit (COL)
for perform ng coorehat ipbceetvagn the a8piB| BAtAEELRAL| AFCURPRCYARBPY 8 9

AUG 2pp~ - 18 .
PP the film thickness of the coating film achieved thereby,

and a spin rotational frequency calculating device for
applying the target film thickness set by the film

20 thickness setting device to the correlation stored in
the spin rotational frequency - film thickness
correlation storage device, and calculating the spin
rotational frequency for achieving the target film
thickness based thereon.

25 According to the above configuration, only by
inputting and setting a desired resist film thickness,

the rotational frequency of the spin chuck can be set.



for performng so-called hydrophobi c processing to enhance fix8dhagg 2&;‘ t he
resist, an alignnment unit (ALIM for perform ng positioning, an extension
uni t (E)(T), a prebaking unit (PREBAKE) for performng 5 heating processing
.before exposure processing, a post baking unit (POBAKE), and a
post - exposure baking unit (PEB) are, for exanple, eight-tired fromthe
bottom Also in the fourth processi ng-uni #1groap 4, oven type of
processing units each for perform ng 10 predeterm ned processing with the
waf er W being placed on a nounting table, for exanple, a cooling processing
uni t (COL), anggxteRsi onnaggC gs‘}le's’égxtu Ei@%e)%%%?—éﬁf Vi SF Reld Faicng

cool i ng processing, anf éxtension unit , an adhesion unit (AD), a

prebaki ng uni t ¢}3( ?@B%%’ti%ﬂ%laf%‘el?@yi R iR tHROBYR-g@Re, for

exanple, eight-tiered fromthe bottom™ As Shown in FIG I, the interface

section 12 has rhh@e3amhaneRale rdtalthienafior feineiye duriaeeasielg station 11
in a depth direction (the X-direction), but 20 it is set to have a smaller

length in a wi gptedidiae) iodn thés refsdwt isolfatGonl eaed-tsl @he? graatremtspor t abl e
pi ckup cassette CR and a fixed type of buffer cassette (BUCR) are
two-tiergd at timeflivemacte oh tthe iforaetdon sdfcttihen £idm whiilckressadddeal i gner
24 (VEEE) is disposed at the rear. 25 A wafer carrier device 25 is provided
at the center pmim moteftiomalaffoesvendyoriad seht adongd igerthothe Tifge waf er
carrier device 25 noves in the X 3 1 AUG 2004 - 19  direction and
Z-direction (v&hickaess odetihenrasd e fHddssiifineo PoPEMashe cassettes

CR and BUCK, and the _edge aligner Z%ME@ he fer carrier, device 25 is

structured to ROSSIY & FaPgHOTH thfe aPntd &ﬁl\%ﬂ’% m FRickpess

accessi ble to the extension unit XT) i nhcl.ud inthe fourth prgcessin

unit group G4 @Fct%@tﬁgé'deféﬁgﬁ‘sst ﬁé??si’%ta’n}qﬁ gblrfeo V%tlc\i/\{:/a}* eorﬂad—‘cehel ver yg

tabl e t sho . jacent i i wn in FIG 4, a
(99", shounds 0 the Al 2eal Bl 1Akl diihe 481 TP

filter is attac 0 an upper portion-o e cassette station 10, a

filter 27 is to an UQR&S [Joly) tde RERSSSShéor StAt | o8 dderaPsbpefil ter
28 is to an upper porti orncp%éthe 1?{n(%erface section 12, resp%ctively. These

filters 26 to 3§4t0iuld Yagpam@atals URRETh&P asdnpidisddiea UPRN SPEdieness 15
comuni cates with an air conditioner (not shown) in the below via a duct

(not shown) so nidaurtimprieiiceV fdyr awgasumitgitige ef ilm nehbrkress hufni dity
and tenperature being controlled is supplied to the upper space 29 fromthe
ai r conditi onerchelhmat iaan f&ilm i Ko maeiwby dvirevareh 20ng ht by hf eereingf t he
filters 26 to 28 fromthe upper space 29, and thereby down flow of the
clean ails is fomigy iamsd de cotelst iore cakaulbasinghddeekee ofono, 11, and 12.
FIG 5 shows the aljgnnment unit (ALIM of the 25 third processing unit
group G3 descritdigbdve.a RoRIRlat ien detween okhgfPtat HRabf this

alignment unit (AL MicP Snd 98k % A LR % s " fe ' 88a S £11m
obtained thereby based on a film thickness of the
coating film measured by the film thickness measuring
20 device.

According to the above configuration, the
correlation between the spin rotational frequency of
the coating solution and the film thickness is obtained
at the time of deriving the condition before the mass

25 production process, and with use of this, the spin
rotational frequency can be set. As a result, it

becomes possible to set the spin rotational frequency




8 1 AUG 2t~~, - 20 carrier device 21 of the cassette station 18 % 8UGdBMss
and an gpening 32 for the main carrier device 22 of the processing station
11 to ac¢cess. A wafer nounting table 33 for positioning the wafer Wis
.disposed in 5 alnost the center of the alignment unit (ALIM, and above the
waf er nounting table 33, disposed are a plurality of reflected |ight
measuring device 34 for radiating |light ofi2t he-sane wavel ength as exposure
light used in the aforenentioned aligner 13 to a base 10 filmformed on the
waf er Wand for neasuring the reflected |light. Each of the reflected | i ght
measuring devices. 34 h t he .functi of neasurln the r d from
each area corré’éﬁd‘ﬁd‘ltngsetpc?“éi% PR {5 SRS ]D fg %I\Jldtgjg:h of
the reflective nﬁéﬁfrlng devi ces 34 calculates reflect|V|ty, for
exanpl e, based t 0 between ampunts of the radiation Ilight and the

reflected light. A glyr tﬁ{I SpOSG(deIEULIL &196 | S'&tﬂ?eloroﬁe S%M@lmuri@g

devi ce as above nay be a diagramtor explalnlng an

examl e of (e 4f GeERenas AlGheldgRn A Ay e ke g | dedduskness

measuri ng deV|ce provi herein. As shown in FIG 6, an Y stage 41 is
di sposed gat a RYLORPUHd Hbrelhthivn e d1othe Ot Ofm ttteiEges Lol | gner
24. A rotatlon mechani sm 42 is disposed on the X-Y stage 41. The rotation
mechani sm 42 hajiis cobaaping ahivdek et attedatbl noted hmel theequémey W The
waf er 8 "1 AUG 2004 - 21 Wis suction-held on the spin chuck 44, for
exanpl e, by a \aftemtshes tdaat iveyr haiilinem rotfotmavh)at Thuslural ey 2f Wi s
movable in the X-Y direction inside the edge aligner 24, and rotatable in
the 8 -directi apirruratedriormarfegauengies fnra tﬁwﬁlfm#@e@ heaR@¢er W
fromand to the wafer carrier device 25 and the spin ¢huck 44 in the

box- shaped body 40 |%F?ﬁ%®4@%dt9ht%¢f@?ﬁﬂef%Q%fb$u¥%El%Bx ERSped body 40
(the face opposing the wafer carrlertgeV|ce 25) An exposure ggchan

of the larer Wy S B sposenad oo polt S0 s VAT o
face opposing theWHs E%ui% ?lQEﬁw f%ﬁéééigiﬁlégﬁégf?ﬁe box- shaped
body 40: 15 Furé(n'?é]tﬁ,fblfe v {55 fl%ngéat eﬁlﬁlﬁg%éﬁgx}ﬁoﬁ ﬁé‘s%léhgowaf er W

i s di sposed adjatcen e ‘exposure hechani sm ernore, for

exanpl e, an opt%ﬁﬁf llrfli&%i&{mess é%@n&itiéx'x”&ﬁcﬁ"§J§f‘€§ﬁg”€ﬁéuépﬂﬂ devi ce 49

for neasuring t of aresist film20 forned on the wafer W
i's disposed aboyg:dteoRPEN Feqddn@yt Bh de EébRpapat shepgdshody dmeThe
results of picking up i mages by nmeans of the aforenentioned sensor 48 is
sent to g VEE controfidweveP, Ihethosteabeer ibOisopredkesablie Xhitsthge 41,
the 25 rotation nechanlsn142 t he exposure nechanism 47 and the |ike based
on the inmage plfklm)thmmkmesanﬂethenglﬁeVlce determines whether -the

target film thickness is included in a range of the
film thickness of the coating film obtained at spin
rotational frequencies in the predetermined range, and
20 makes the correlation calculating device obtain the
correlation once again with the range of the spin
rotational frequency being shifted, when the target
film thickness is not included therein.
According to the above configuration, when the
25 desired film thickness is not included in the
predetermined range, the correlation can be obtained

once again, thereby making it possible to set the spin



Specifically, in the edge aligner 24 structured as 3 1 AUG 2U04 3 128UG 2004
above, when the wafer Wis received on the spin chuck 44 fromthe wafer
carrier’/device 25, the X-Y stage 41 is noved and the wafer Wis rotated
-whil e the sensor 48 detects the position of the outer periphery on the 5
wafer W thereby adjusting the positions of the outer periphery of the
waf er Wand the exposure nmechani sm 47~ Podi3ti oring i s not perforned, and

t he edge position of the outer periphery of the wafer Wis detected so that
the aligner mechanism 47 and the edge of t he mafer W10 are always in the

sanme position. Subsequentl while |i is ra ted t.he nper

porti gn of ther\ﬁgﬁaz-‘rl%\ﬂ/agy ﬁéﬁ u(?)&?é'sﬂ}o err@&?é‘rﬁ t&%e 1‘% dﬁ%}}’s rotated
by the rotatio C r area 15
around the ent |q.‘r ergq-‘o[}t S"‘:'prﬂelffl%‘ ea“%% q{ﬁpg%he waveeln ,?%1 of the
exposure |ight . gz L/ g%i&cg%&g%ru%dﬁ%@l@lw %7alhc%1%6cteci Cfoﬁn iy same

as the aforenentlone measur enent “of the filmthickness of a

resist 20 fil myddiavifelalWeddie oMf8eprri er device 25 receives the
wafer Wfromthe spin chuck 44, and while it carries the wafer Wout of the

box-shapgd body 40 tiHen® o fwctapemditbll tdhdr Idbjdutaknasd neasuring
device 49 neasures the filmthickness of the resist 25 filmwhile scanning
over the wafer afiantagdsaref etheligreetdromn. inklemtvisore veirldt tbeafontehe | i ght

radi ated for measuring the filmthickness is set to be different 3 1 AUG
2004 - 23 frompdeatendf upguen esgrobing theHioldrowing igpes Mahas et héherr| G 7
is a block diagramshowing a configuration of a control systemin the

resi st coati ng takerdeire| sy pahianemith diie faeamprantiad rdstingfve. The 5
configuration and function_of the control systen1to-ether with the
operations to the systen1sl-uFf Hepqriphig) hEhgyBrayvings

g=herei nafter.
Initiall th f ded to th t 1
tﬂ: rijapr%cess?n\évauﬁlrﬁf%/c\li ?Jg%pe nn ?Yljee"gr%b% nnigf‘ S%Jé]ﬁjr% ?ﬂ%*‘%‘?n ?Wg

tt t at 1 Fl t f
P e Tl oy %w( SR STk Adlontind 1 G R e 1 e Yy

and the data | %;iﬁbéﬁ%ﬁéﬁﬂ unit 35 (step S2). 15 As shown in FIG 7,
to the control unl Ié

x

FIG. 2 is a front view of the resist coating and
developing system shown in FIG. 1;
15 FIG. 3 is a rear view of the resist coating and
developing system shown in FIG. 1;
FIG. 4 is a front view showing a flow of air in
the resist coating and developing system shown in FIG.
1;
20 FIG. 5 is a front view showing a schematic
configuration of an alignment unit shown in FIG. 3;
FIG. 6 is a front view showing a schematic
confiquration of an edge aligner shown in FIG. 1;
FIG. 7 is a schematic block diagram showing a
25 system configuration;
FIG. 8 is a flowchart for explaining an operation

of the system;




connected is a storage device 50 for storing the reflectivity of t8el AHE 04
filmfor obtaining desired line width precision, and the conditions for
setting)the resist filmthickness by the resist solution 20 coating unit
.(Car), for exanple, the correlation between the reflectivity and optinum
filmthickness as shown in FIG 9 and the correl ation between the resist
filmthickness and spin rotational frequengay ot he wafer Wby the spin
chuck in the resist solution 25 coating unit (COTI) as shown in FIG 10.
Also to this control unit 35, connected is a storage device 51 for storing

the reflectivity of the base filmfaqr qbtainin 3 1 _AUG 2~~ - 24 desired
line width precisiofl%he dehd 9 fsg’r"“%‘é‘c?t ifﬁb e@S&S‘&Ps]LAﬁ&ér%%ﬂt‘b‘i}‘ t he
aligner 13, for_exanpl e he .cor..el ati b t . fivity and the
exposur e armunlbe%lw(?g%eff eg,tlé' t&s%ﬁgog%%h%‘g%l t}}fléls{l gf;lela . It may be
suitable to ”alil%it&%e%%nfi guration in which a storage device 150 for
storing the refléctivity of the base filmfor obtaining desired line wdth

precision and the c | atg get%%},t wiald eat i Mtdnpo PO b £ hee i fas at ur e
condition for heati %lr%rglcegrsﬁ ng by 10 the poést-exposl?ﬁe baki ng unit (PEB),

and a stg@rage gpuiveRnlibd it Hian thidhdsdf land isf iy Wtdtwomase filmfor
obtaining desired line width precision and the correl ati on between the
reflectivity amtddirendgmel opi ng processing tinme by the devel opi ng
processing unit (DEV) 15 are further connected to the control unit 35. The
control unit 35 get Fide refiean wtpyladatdey bhbegran nef oa nepooes s hreg waf er
W before the formation of the resist filmby COTl neasured in the

af or ement i oned cintggntenin wnineg Al Moatdq applties this to the 20

af orementioned correl ati on storage, devices 50 and 51 to thereby cal cul ating
the rotational frequdkey ¥ackelardiadram ofo¥ neXRp2 A ERg kI bFeFRRCECH and

t he exposure anopunt of, the aligner. 13 for obtaip) desired line wdth
preci si dd (st epreidectiy id4) ofelsithls Ihe é%asreotgltﬁghal frequency and the

" h . . N th .
i A S A R
obt ai ni ng desi rt:rbe Phllér;%le\?étd]tgﬁ&é}rg% gﬁo#]hé @/{%‘E@bﬁ%% aneters may be

used individually, BY; De; 4sedsd HekPODE NG16OR- d PagPaih8n¥Rling ¥V there
exi st the area witho‘#cslldi:')n;1 eilng %or med as the base f? ma53 as shgwn in FIG

12, and the ar e gddil AnPEGNA T DEAESE a8 SEewd | embd&Emdst ; The ratio of the
area with SiQZ and the area with Al differs according to the circuit

patterns g o be fornegrcl0lsnistheschéhaticvblyckf diaghamoahbiéngase fil m 53
differs according to the ratio. After the reflectivity is neasured, the
waf er Wis carrsystemtcaifidqueratigmnenta unhird Aembpdiment;transferred.
Subsequently, the wafer Wis subjected to 15 hydrophobi c_processing in the
adhesi on processing BF¢t 16 is a front view of an edge aligner
according to still another embodiment of the present
invention;
20 FIG. 17 is a plan view of the edge aligner in FIG.
16;
FIG. 18 is a schematic block diagram showing an
embodiment of a control system according to a coating
film forming unit and the present invention;
25 FIGS. 19 is a flowchart showing a condition

deriving process;

FIG. 20 is a diagram for explaining calculation of



.(AD) of the third processing unit group G3, and after cooled in the3gomlg D4
processing unit (COL) of the third processing unit group G3 or the fourth
processﬂng unit group 4, the wafer Wis coated with a photoresist 20 film
.formed thereon in the resist solution coating unit (COI) of the first
processing unit Gl or the second processing unit &G (step S5). At this

time, the control unit 35 controls the rotlati oral frequency of the wafer W
during spin-dry in the resist solution 25 coating unit (COl) with the
condition corresponding to the data of the reflectivity neasured by the

flected |ight I, ice 34 1t be suitable t 1 2004 -
26 control ¢ nERER AR S GERERR, T, ST CKREBoar ey SRA & AR AT

(PEB) and the ryel%pkgg processing time in the devel opi ng processing unit
(DEV) as in th HOVE 3 After the photoresist filmis formed, heat
processing is perforggd izy tlfhtﬁ P ebalidig 8Y tefIRERAKR fiddtadiid b

processing unit group G3 or e four processing unit” group 4, thereby
elimnating a ngs QA IYMRIH HLWREGP U 11N of RADJKIfeSN A aiStsplih film
on the wafer W Next, the wafer Wis cooled in the extension cooling unit
(EXTCQAL) gl n t he-dtaitildhadr Gaesfidityynidndroup G4, and thereafter it is
pl aced i nside the extension unit ) of the fourth processing unit group
4. Subsequently, thaewafx id catidg@ramieforexdblainixay r¢ecuberEom ¢f om
the opposite side to thereby carry out the wafer W The wafer Wafter being
carried out is thebjosntresl atoicad deetavaeos the pridoe ddiinkness rndwdfhe gmin phery
portion of, for exanple, the width of 2mm by the edge 20 aligner 24 (VEE).
In the edge al inpt@tianed ffegquendys. pl aced on the spin chuck 44 via the
waf er carrier device 25, d while the sensor 48 detects the position of
the wafer W positiRafiddgast Rass : s tg Brefefifedh, MunQdenbs st age
41 and the rotation nmechani sm 42, thereb erform ng edge exposure.for the
waf er MﬂQSubsequentI@?r?¥ﬁﬁék?5? TR %Wgéﬁki%g Q%e?%f%gﬁgg ?ﬂ%eﬁg+é$ W
from 3 1 AUG 2Q~ .- 27 _.the sbin .chuck. 44 I ' ies the wafer
Wto the outsi d‘él%lf q%ee%%%%cgevﬁl‘%b ye%r%I?%%g\e%%%n#%%&%{?ét he film
t hi ckness neasuringiﬁgwa&§¥491 Sar e thrééiQEt@6§ﬁfﬁ SafRg the wafer W
are ou e%

(step S6). 5 The wafer er the edge exposure is In a buffer

cassette (BUCK)gd dth6n Wafieds Cad | @n iyl ce 26n Thopraéhes, when a
recei ving signé?‘ﬂ%ﬂﬁggﬁéﬁggted fronw?he aliéﬁer 13, the wafer housed in

the buffer cassaidsedBd@at forl rEnsierprsbdssing dbatlognel andoader by the
waf er carrier device 25, and is subjected to exposure processing in order
(step SAs At tinteffdade ddetiomtidldes Dtegptalliy econhé&-bédt e aafer Wand
the condition for setting the exposure anount by the aligner 13 obtained in
t he above system for coating a semiconductor wafer with a

chemical amplifying resist and developing the same.
In the cassette station 10, as shown in FIG. 1, a
. plurality of (for example, four) cassettes C are
20 mounted in a line along an X-direction (a vertical
direction in FIG. 1) with respective transfer ports for
the wafer W facing the processing station 11 side at
positions of positioning projections 20a on a cassette
mounting table 20. A wafer carrier device 21 movable
25 in the direction of arrangement of the cassettes C (the
X-direction) and in the direction of arrangement of the

wafers W housed in the cassette C (a Z-direction;




15 processing, which corresponds to the ID, for exanple, the data3riedédoig
t he exp?sure anount (for exanple, the exposure anobunt per unit area) to the
aligner’13 via an output unit 154. Thus, exposure processing based on the
.data is performed in the aligner 13. The 20 controller 35 outputs the ID of
the wafer W positional information of each chip of the wafer W and the
condition for setting the exposure ampunt 16y tke aligner 13 obtained in the
above processing, which corresponds to the positional information, for
exanple, 25 the data (specifically, data per chip) regarding the exposure
anount (for ex I t.he . r j I- . oA :

al i gner 13, 't% e(t:-‘grtr:eaél' %%%%}%égzag%%@@edg@é’éﬁa%ﬁ??&°p rf%ordﬁ%r}&l%gcsure

processi ng wi t e .8Xposie ;aMiynt hgiRG tNOIA AR e3ch chip based on

the data. Wien“the éxpdsure by the aligner is finished, the 5 exposed wafer

Wis transferrgddsaslifa TR G 08 t3RYicestttdsad.he fourth processing
unit group 4 contrary to the above, and is transferred to. the

post exposure baki ng mhu twdffEB)cdPr die d@tite Y if s eiztwbed ey the
aforesaid wafer Wis subjected to heat 10 processing and thereafter

subj ected to coel rotedasdiendnita & pdédetedionned aenper beureciesstibdectol i ng
unit (colL). Next, the wafer Wis transferred to the nmain carrier device 22,
and carried i ntam talldgmesitopinig (RIFMICessl mp @xten=sDRy wiit NEXT ) st
processing unit group GL or the second processing unit_ group G2, and after
it is devel opedngiliuded davel apiltgsddiga Wit aRetimva@bh@ ddiked ution is
rinsed with a rinse solution, thus conpleting the deve| opi ng processing. 20
Subsequent | y, EH@ARESEMINISL te HGAURY tatoftt%%é’rd%qﬁ‘e?%‘d}‘ﬁgs% sthg unit

(DEV) by the main carrier device 22., Thereafter, the wafer Wis subjected
to heat proces§idf iaf t"‘Hé-lpg‘ﬁ -q?aﬁﬁl?fd’??ﬁi]ta BOBAKE) of the third processing

unit group G3 or the fourth processin unj ter.cool ed
in the éébling procgg%i¢hfLﬁ#ﬁr?Qiisléhg$H%ré%?g%fﬁgdgéggﬁﬁg ﬁ%ftézroup &R
or the fourth J ity Or et A : #§g3- P pl aced in
t he extension %\hﬁiﬁfgﬁ% of’ t]h’e e\oh{% pcrdolce(]éa:ﬁrnjg%# gr%tt:pm%%r? The waf er

carrier device opbi% Ca{dy &b P14 %fdﬁaé&%@nﬂ%ié&@éﬂ?@ﬂﬂmﬁrri es out
the wafer Wto carry the wafer Winto the cassette 5 C for housing the

ThE"Coacss o P [ e Lo 4 iy Mg (o

of various processing units as processing chambers are

15 multi-tiered to define a processing unit group. In
the resist coating and developing system 1 in this
embodiment, five processing unit groups Gl, G2, G3, G4,
and G5 are arranged. The first and the second
processing unit group Gl and G2 are arranged on the

20 front side of the system, the third processing unit
group G3 is arranged adjacent to the cassette station
10, and the fourth processing unit group G4 is arranged
adjacent to the interface section 12. Moreover, the
fifth processing unit group G5 shown by the broken line

25 is arranged on the rear side. The main carrier device

22 is structured to be rotatable in the O -direction and

movable in the Z-direction, and transfers the wafer W



_nmeasur ement devi ce 34 detects the reflectivity of the light on tHel #W§e2004
filmof- the wafer Wprior to the 10 formation of the resist pattern, and
based on the detected reflectivity, the rotational frequency during
.Spin-dry of the wafer Win the resist solution coating unit (COTI) and the
exposure anmount in the aligner 13 are controlled, thus making it possible
to control the 15 line width of the resisfl7pattern with hi gh precision.
Consequently, according to the present enbodi nent, the assessnment of resist
line width can be conducted w thout neasuring the resist line width with

use of the SEM 02% Iéurf#@ﬁr éehat%%g?]rfditql% ?}O%%SQ{?%?S{@?H ; & I8f lgrtdsvi ty

i's measured mﬁgh use o t he sanme wave exposure |ight,

thus making it possiy e oGl % deftipaind iNANGE sdesd ity lyndthe base
ough the Tig

filmduring exposure processing. t 25 7of the sanme wavel ength

as the exposur gliughicli,s t4erbpilnndrs t4gRd JrefiR dssing winiadd NEornd
therefore it dg%suggt have anE%dverse effectEgL t he ﬂ?%e wi dth of the 31

AUG Zpp~ - 30 dxemipile Pal trigistVeaWdion doatilii wniodigemny ,afd lam
t hi ckness neasurenent after the resist filmnmeasurenment is perforned by

using the |i ghtdedfelapdind erodessave] angith (DHEW oMt vhisstpgsuadetemiinedhus,
an adverse effect is not given to the line wwdth of the resist pattern. It
shoul d be not egprdrats stilngy pirse gt ameshtwidth ithehotafemiW deeing tiheaced
af orementi oned enbodi ment, and various nodifications may be made within its
techni cal 10 cerceptspim Ghurk jinside Fergup Chlatk WEGkE BhoWem a second
enbodi nent. The sane conponents as_in the aforenenti oned one enppodj nent are
gi ven the i denthiigHedundysalid die KA PEARPIHR P ATHP tFer et wi | |
15 be omtted. In the aforenmenti oned one enbodiqgft, the reflectivity of

he™ sa

the base is meddtf &PGATNh REQESTS 1HE Y- ght9HuR O \BREIMFG RS t he
| i ght, t in th J [ ' ith
20 U6 90 | P ghio P RTSITING MRV g e, SR SErE abearar (e5s Eig AEE ™
nmbodi t h Mol lgngt h j t
gorrgolng?\tn of atS h@bslixn%%:/agldeén‘%ﬁho%@fhe expgzﬂt?}?iey#%h%ﬁ?é 8‘?7‘1e %Jﬁgé?g%fgct 2d

'BLQQL dObt ai ned ffompidiedd afpraEnteoned s84¢ Bed aghlt ofdotpaswiing device
the wafer W is rotated, for example, at about 3000rpm
by means of the spin chuck, a resist solution is

15 supplied to its center from a nozzle, for example, as
shown in FIG. 10. The supply of the resist solution is
stopped, for example, two seconds thereafter, and the
wafer W is rotated at about 2000rpm to perform spin-dry
for about 15 seconds to 20 seconds. The configuration

20 of the resist solution coating unit (COT) will be
described later.

As shown in FIG. 3, in the third processing unit
group G3, oven type of processing units each for
performing predetermined processing with the wafer W

25 being placed on a mounting table (not shown), for

example, a cooling processing unit (COL) for performing

cooling processing, an adhesion processing unit (AD)



_detecting the

reflectivity thereof. By performng the sanme procea§Hq@#§§nin

t he above described one 3 1 AUG 20p4 - 31 enbodinent with use of

reflectﬂvity obt ai ned by the exposure |ight wavel ength anal yzer 53,
.rotational frequency of the spin chuck, exposure anpunt, and the like are

controlled. 5

wavel engths is used, thus obtaining the eflBects of easily corresponding to
the case in which the wavel ength of the exposure |ight changes.

a schematic bl

af or eent i oned dpe LBHHOUNIRA 5ol 081 GAAdi100 81 EOPRBSLR §3 St

solution or thé& Co

the reflectivi

conditions are controlle

Thus, in this

According to the above configuration, light of nultiple

ock diagram showing a 10 third enbodinent. In the

exposure processi ng | contr

%ﬁh%%c%h%igéﬁﬁeEgl%E Rgle ??FHQ%,tQhrglﬁﬁnﬁ%BQdkﬂﬁﬂi, these

ased on the m t hi ckness "of the base film

QERIM )Tl PR foRe e pRRGe ARG ainl leRtidhistloresmirrasuri ng

device is used as the aforenentioned reflected|light neasuring device 34.

20 The film thi(ek1gss anpasbakiggd@inice (PREBAKEY |foghtpeaff e reane

wavel ength as

t hi cknesg of t heatdse fpdondssimg e fiire exposarien privess sding,he rpefdtect ed
light. Further, to the aforenentioned control unit 35, 25 connected are a

the exposure light to the base film and detects the film

base filmthichadking uwDdE FOBAKR)cKk anst & iporsdl-eXpefudiec oaddme (utiiton -

storage device 54 and a base filmthickness - exposure amount correlation

{(PEB) sxt®radordexamplss, eiphtcdrimes finam e RthAMt es the

3 1 AUG 20U~r
spi n chuck rot
correl ation st

af orenenti oned resi st_solution coati,

ational_frequency and the eﬁggfure anount fron1t¥e
ored iMHEhe st HRD RIOSHPSHNI S YR L1nei R the

e al

» : .
on. According tYRhELARAEEFHMG Y lrjﬁrgctlh( R %peecrtthoo‘?mfr{acgor ably

controlling the |i

t hi cknedd of t

15

20

25

}?ereodgtlag:eevgm?i%n%cf fsprtoQ:eeé’ sej_srlqS rWJH:q‘I LS v&aée%d Vp%éiri?g fﬂia{ﬁed
on a mounting table, for example, a cooling processing
unit (COL), an extension and cooling unit (EXTCOL) for
also performing cooling processing, an extension unit
(EXT), an adhesion unit (AD), a prebaking unit
(PREBAKE), and a post-baking unit (POBAKE) are, for
example, eight-tiered from the bottom.

As shown in FIG. 1, the interface section 12 has
the same length as the aforementioned processing
station 11 in a depth direction (the X~direction), but
it is set to have a smaller length in a width direction.
As shown in FIG. 1 and FIG. 2, a transportable pickup
cassette CR and a fixed type of buffer cassette (BUCR)
are two-tiered at the front of the interface section 12,
while an edge aligner 24 (WEE) is disposed at the rear.

A wafer carrier device 25 is provided at the
center portion of the aforementioned interface section

12. The wafer carrier device 25 moves in the X-

t he

FIG 15 is

based on

ner 13 and so




.10 provided. Meanwhile, in the above described one enbodi nent, the 1 AUG 2004
rotatiopal frequency of the spin chuck during spin dry is controlled as the
condition for formng the resist film but this is not restrictive. It may
.be 15 suitable to control the rotational frequency or acceleration of the
spin chuck during coating, for exanple. Further, in the above described one
enbodi nent, the exposure anount is controllPed as the condition for 20
exposure, but this not restrictive. It may be suitable to control exposure
time, for exanple. Furthernore, the aforenentioned reflected |ight

measuri ng devi ge 3d.,iispraw ged jia e Al @R 1URtre U lorNits B

restrictive. The reF ected 11 ght § neasdrlng evice 34 may ‘be provided at

any place on tRhecwakeh1W &3 hoth Bat Rnd dalde dtedssicre adld Bwaw)d gy el opi ng
system 1, or may be separately provided 3 1 AUG 20p - 33 outside the

resi st coatingtaed edgeelaqnighers pat gWEL ) Fumnkeiva fledl cadamie devices W5t rat e

is not limted to the above described wafer W and an LCD substrate, a

gl ass substratds st@Rcuisld aje pea st xomtable [m nthed Bulireatdépna
ceram c substrate and the |like are applicable. As explai ned above,
according to tse mssitst ber ecessisid lieettivod hendxttensiesi sinigr @) ng
apparatus of the present invention, it becones possible to 10 control the
line width of tineliugsidstinpaiheefiousitihh pragess idey e tofgaueiGd f the

expl ained in the above descri bed enbodi nent, the resist solution is applied
onto the wafer PFPCes§Eing Edatiing fdt FoW i shit® & WA KMRLI¥PSUch a spin

15 coating nethod, the higher the rotationpal frequency of the wafer, the
| arger the centtraibfl@ga(ln"fto%@é’,"‘mt)hl?é‘ (Téker ar?gf”c%g‘tifliqr%/ﬁﬁ Hi% %, and as

the result, the Iingwidth varigsg !y SODOEel €y 1 {4 RLLLELRES 48

10 upper portion of the cassette station 10, a filter 27
is to an upper portion of the processing station 11,
and a filter 28 is to an upper portion of the interface
section 12, respectively. These filters 26 to 28
jointly have an upper space 29. The upper space 29

15 communicates with an air conditioner (not shown) in the
below via a duct (not shown) so that clean air with
ammonia being eliminated and humidity and temperature
being controlled is supplied to the upper space 29 from
the air conditioner. The clean air is blown downward

20 through each of the filters 26 to 28 from the upper
space 29, and thereby down flow of the clean air is
formed inside each of the stations and section 10, 11,
and 12.

FIG. 5 shows the alignment unit (ALIM) of the

25 third processing unit group G3 described above. As

shown in FIG. 5, on both sides of this alignment unit

(ALIM), provided are an opening 31 for the wafer



_dependent on the rotational frequency of a notor of the 20 spin C@Hf&u but
is further varied in accordance with the tenperature and humdity "o G 2004
at nosphére. Consequently, a resist filmis conventionally formed with use
.of a test wafer, for exanple, once in a few days, the target value of the
rotational frequency of 25 the notor by which the optimumfilmthickness
can be obtained is determned. This is inputted and set in the unit, and a
control is perfornmed so that the 3 ~ auG Q04 - 34 tenperature and

hum dity of atnosphere are constant in the nmass production process. In this

, desired fjlm.thi di Ly inpytted in.the uni d
Tk nocessar PO SHOLR Al 8 ¢, 6A° S SYARST A /O ATCHRE
frequency of t%%a{*%éxorog%’?{in'sq“%‘ét A Fglségﬁa@ns'ca%\ierdeﬁ%orﬂ Wk g Such a

met hod, not only conversion i's't I'esonme, but al'so "accurate

rotational fre ﬁqﬁéﬁ 1 Jr2note hed teq {d¥s nfodrt G/ cu: ated by

an operator. en 1 nacc rotational frequency Is set, the film

thickness is oylaife 3 PrRetAUSANY RhdRas &Y §UG iPbpdyuh dapendi ng on
the extent, the line has to be stopped and the test has to be redone. In

such a case, NQ1nHtY t3Healdeh HEr0 IS Y Lanyinderie yigind ofaTerd) puindl so
testing 15 frequency is high, which becones a cause of reduction in

t hroughput. Thuthove st erafEac aralintging tdbdd A3 owdixpesdibdimerd i s capabl e
of easily and accurately nmaking the setting for obtaining desired film

t hi ckness regamdivmplity cdfatief) ddted lamght imeasA0riolj etevice tH ciorrol t he
line wdth of a resist pattern with precision, for exanple, in a

phot ol i t hogr aptsadiradciass  Lighteiafafthe sane wansldanah a6 |9XRREWS®I| ai ned. A
coating and devel opi ng system according to this enbodi nent has an inline
filmthickness AL iRneh R L 1ANeY | 1t K RR%Cof a

45ed 2 ddha
coating filmfornmed on the wafer Wfor deriving the conditions, for
exanpl e,1G nsi detr]trf\‘b %ﬁ‘becglqrbrﬁj}e (‘%Ef%r i‘ﬁ a:'}de &% e D 15%%5 coating
and devel opi hg pr.ocessi S emshown in FIG 1 to FIG 4. FIG 16 and
FIG 17 are a §%3§£¥$§ﬁfgﬁﬂﬁg%hn view for explaining an edge aligner 125

o %ot o, T ST o B el hariglorss |
stage 202 has the function of measuring the reflected light from
each area corresponding to a chip, for example, on the
15 wafer W. Each of the reflective light measuring
devices 34 calculates reflectivity, for example, based
on the ratio between amounts of the radiation light and
the reflected light. A plurality of measuring devices
or a single measuring device as above may be disposed.
20 . FIG. 6 is a diagram for explaining an example of
the aforementioned edge aligner 24 (WEE) and a film
thickness measuring device provided therein.
As shown in FIG. 6, an X-Y stage 41 is disposed at
a bottom portion of a box-shaped body 40 of the edge
25 aligner 24. A rotation mechanism 42 is disposed on the
X-Y stage 41. The rotation mechanism 42 holds a spin

chuck 44 for rotatably holding the wafer W. The wafer



.i's disposed at a bottom portion of a box-shaped body 201 of the edgf ay 04
aligner 125. A rotation nechanism 203 10 is disposed on the X-Y stage SOZQU
The rot&ti on mechani sm 203 rot at abl y holds a spin chuck 204 for holding the
.wafer W The water Wis suction-held on the spin chuck 204, for exanple, by
a vacuum suction nmechani sm (not shown), whereby the wafer Wis novable 15
inan X-Y direction and rotatable in a 6 2direetion inside the edge aligner
125. At a front face of the box-shaped body 201 (the face opposing a wafer
carrier body 126), provided is an opening 205 through which the wafer Wis

transferred 20 fr.qm : fer Lri gl an i} .L£h 204
i nsi de the boxwfsﬁ'%pg’gﬁg&é%-%% %ﬁe ‘\?\lnedts%lcx)#)%?%g%gédi %&%%ﬁﬁedrg) r than
the wafer W and [ ; j ' r geippidd iyght of
t he waf er carri%ervra%(;%(‘:]ly fg] vﬁ%hh{é%g%\%g?g?qu\%%sgg%y@her eTon. %ﬁﬁvag)%gsure

mechani sm 207 §01; spihAHTNY nPRBld RV 1REIIVH & ¥ ideeIH @dgd the
peri phery portion of the wafer Wis di sposed at a rear portion ~ 7 AUG

20p4 . _ - 36 (hheneaandsi dadsevtftadid ha ftaee @paeskeagibhe wahethearrier
body 126) of a ceiling inside the box-shaped body 201. Further, a sensor

208 for detect iang dpm ipesi4s @oroft dans fsfreind/Miis: dvesfeos atl fasjmacandt 1o to the
5 exposure nechani sm 207. Furthernore, for exanple, an optical interference
type of film t hiheknesemessurieny ddsniiase 220 Rrfdrtheespim mhudke 44 1in
thickness of a resist filmon the wafer Wis di sposed on the opening 205
out si de t he bosthshissdtsbaped bprdyldoTHS im‘-ﬁgél%cgklup g diant Faghekensor
208 and the filmthickness neasuri ngh result of the filmthickness neasuring

devi ce 209 ar e W¥ntbaxrshared kot G (the facs erpating e ¥&fontrol s

the X-Y stage 202, the rotatiqn nmechani sm 203, the exposure nmechani sm 207
and 15 the |i kEXFIEF SEHRE i9dge pickup result and the like. In the edge

i 125 fi d h , th f I i yed th i
huck 288 1rom the Vol cPRgR e mediRidE 471 ESs A LraBERY2" " oved and
th f Wi j| . t j i &4 f
the outer per: Raro rodls SRRl B EiiAd, 6 K PP B anE S The
outer periphery, ©f fhq ey WARH 4t LK ROS W 6 JBE hdW 81812 Ok hd Ngdgad of

conducting positioning, the position (the edge portion of the outer

periphery of thgaafsfenVfridn dhdletfrd ashbsds iRt evefe0 e er texhani sm 207
is always in the sane position as the edge of the wafer W Subsequently,

the wafer Wi s destiaiee@ Sy dihen radidlimon in 3tHe Adxk-Zipaped body 40rechani sm
203 while light is radiated to the periphery portion of the wafer Wby the
exposur @ snecharfwerbl2e?, & raengmel48n for i dgtexpisg rghe heosiiekon o f hehe
vicinity of the entire outer periphery of the wafer W 5 Further, on
measuring the Wafaxn i ciehebispisehadjacently to the exposure

mechanism 47. Furthermore, for example, an optical
interference type of film thickness measuring device 49
for measuring the film thickness of a resist film

20 formed on the wafer W is disposed above the opening 45
outside the box-shaped body 40.

The results of picking up images by means of the

aforementioned sensor 48 is sent to a WEE controller 50.
The controller 50 controls the X-Y stage 41, the

25 rotation mechanism 42, the exposure mechanism 47 and
the like based on the image pickup results and the like.

Specifically, in the edge aligner 24 structured as



resist filmon the wafer W the wafer carrier body 126 receives t§e Ay egp W
fron1th$ spin chuck 204 after positioning is conpleted as descri bed above,
and the/filmthickness neasuring device 209 neasures the film 10 thickness
on the wafer Wwhile the wafer carrier body 126 carried out the wafer Wto

t he outside of the box shaped body 201 via the opening 205. Next, the

resist coating unit (COT) for form ng-the2aforenentioned resist film and
the configuration of 15 the control system according to the present
invention will be explained with reference to FIG 18. Initially, the

i i i1l b | ai . In ElLG_ 18,. l,.301 d i
Chuck bel ng a SFEYErabEobend aar e Sate e Ay G [y S o ek P "
hori zontal 1y holyd L, WRLELWEBY JUGGHUR SUGHIAN »oAf Qi YL e il cuck 301,
f

provided is a fixéed cup S§0 as to surround 1t. 'An exhaust port 303 and a

drai nage port 4 f or, i ' € e PUHARB fake dnddie fi xed
cup 302 respecggve &%dA Fg%ﬁﬁgﬂ%ggﬁ¥%§vg?'the f1xed cdb 302 is ébened when

a resist sol utiy@n det RRR ted pDISHIM o dde HUukdrs gUraWas, dn aHOP
portion of 3 ~ AUG 200 - 38 a driving shaft 305 which is the conbi nation

of a rotation saddr ad tHeragyend g ting dose pud it aaidt @l duteerdri vi ng
shaft 305 is structured to be able to rotate by a notor ML via a

transm ssi on MmpErEpheny3@E ithe sdifey & @End eherekpodedd mevhateisme i’ and
ascend by an ascendi ng and descendi ng nechani sm 307. Above the fixed cup
302, provided iPosdtriegiistg sid motopenforimeR0Rrnbrthsumslgs mpsitian nf
solution by dropping it to a center portion of the wafer Wheld by 10 the
spi n chuck 301themeuter merdphesno dfs tdhe wafiged tie letagted sadatbove
the area between the center paortion of the wafer Wand the outside fromthe
side portions d&he 1Pdignedd mashasishyt png hiforeddfRo it HIF t1Rher the resi st

solution nozzle 309 .is cogpgg:ed to 15 a resist solution tank not shown via

a resi sti0sol ut idHF ARARP SRS HHP™ predet er mi ned anount  of
resist solution is dischar [ ryzing,.fo t i nsi de of
the resist soluti ondslt‘gon%q‘%ﬁ%ﬁy‘t ﬁ‘éﬁ%%leicﬁ% Jasfhdf%%jf(lﬁ%l e%?/s emwill be 20
| ai ned. De j.bi I [ ' I t of th
expl ai ne S%éﬁ;{?%xgﬁ%#r%&% It%?’& Y IR &thd Gabdseeacept o e

present inventi-on, uni a rotat’ion speed setting unit)

shown in FIG IRcHingeied aie addidimu g kinssddny ting fevdeposl2 for
inputting the target filmthickness of a resist 25 film a filmformng

condi tion stor ageriaMisie 413 fisradprprel iniendd 119 fexpbing cndli Axea of a
resist solution, a condition deriving range storage device 314 for 31
AUG 2pp1s5 39 around the entire outer periphery of the wafer W. The
wavelength of the exposure light radiated by the
exposure mechanism 47 is set to be the same as the
aforementioned aligner 13.
On measurement of the film thickness of a resist
20 film on the wafer W, the wafer carrier device 25
receives the wafer W from the spin chuck 44, and while
it carries the wafer W out of the box-shaped body 40
through the opening 45, the film thickness measuring
device 49 measures the film thickness of the resist
25 film while scanning over the wafer W in a diameter

direction. The wavelength of the light radiated for

measuring the film thickness is set to be different




.storing the range of spin rotational frequency fromwhich a con%%ﬁgﬁgiis
derived, a filmthickness - spin rotational frequency correlati gﬁé
device,hlS, the filmthickness neasuring device 209 provided in.the 5
-aforenenti oned edge aligner 125 (WEE), and a rotational frequency
controller 316 for controlling the aforenmenti oned notor ML. Further, the
control unit 311 has a condition deri~ing2Botational frequency range

determ ning device 10 317, a correlation calcul ating device 318 for
calculating the filmthickness - spin rotational frequency correlation, a

j udgi ng device_319 r.judagi the af orenentioned t et filmthi Ss
exists within Fﬁ8mr%ﬁa§ 82 %Hg SFBPEHEﬁtEEﬁbé 85rpgiégp%ﬁ 3336%59§§§§15 t he
condi tion deriving pIG: TS i%xicg&‘aﬂkoﬁfi‘a 4 1R b 98%%'@@&.3%&'0%5

wi thin the aforenentioned Correlation, ada A sprn’r t &t Fonar- requency

cal cul ati ng deyi-c atin h L : hgn frequency by

whi ch the targéF ?i?éﬁ?%ggk%gégggoigaghgeggggggngggggggdagg t he
correlation. Hapgklabiak, siyBeed ¢0BbhgYHakkaNasanesexhbatngdoie .detrakl

based on the functions. "The filmformng conditions stored in the

af or enengi onedcbhnlfigheakiog aaadifinenishobEgendevbaerdd 8¥dtam | east
contain target filmthickness MO of the coating film and rotational
frequency KO otogkehep withutkhe3Opevhitlieonsheor ¢hiessystemt showns inpFEad. 9
1 AUG 2pp~ - 40 The aforenentioned condition deriving range storage device
314 stores a t 8&bwdlflobedexpilaiiniedghereivpiferat ati onal frequency range for
deriving the condition of a conparative narrow range according to 5 the
target film thickned@ifpdaldiyut the aadege isoguddadhliato fhsugh t he
aforenmentioned fil mthickness input device 312 (the film.thickness setting

devi ce). The t8BHENEEAE ndd (AR IMINGE &b RE1ZF RrOSEEEIPFaMMitequency by
whi ch predeterm ned tar e% filmthickness 1%{MD iqnﬁbe o% ai ned b% ed on an
enpi ri caP valugFO?PeGrQ%g hgr PrRECSEIRY, SEALIeRat i FEqTe bﬁ C&58&§-%% be a
narrow range, for. ex l.e, .of t wi_d of sabou r L Jt, ks set to be
a wi de range, ?taFéfggqguéﬁ%FPngﬁt&ndE?FVeSSHe cgkgit'gﬁ&lfg ?ﬁ% spin

rotational fregg%&%%FiVHE ncyh%%%??%gepgﬁgﬁgQkiQmE§M%&%gerq%ice 315 stores

the spin rotational frequ m t hi ckness correlation obtained as a

result of deriyedguraa GoRddd ehef AATghRRM narENHIaMe]d SRid thel ddwenal
frequency range. That 20 is to say, the correlation is cal cul ated by using

the wafer Wforisdeent ¢ aheoherdilt uait Bsug.stepc®2diti on deriving process
for the condition deriving wafer will be explained with reference to FIG
19. . Inigkal ly, the asorshroant iioneddper,attar thgpudontited 2midesifed tar get
filmthi ckness MO via the aforenentioned filmthickness input device 312
(step Sl1). Thecahmesthed: iisned stondige sevders bhgammdeordarertiening $ 1
AUG 2004 - 41 , - .
reflectivity of the base film for obtaining desired
line width precision, and the conditions for setting
the resist film thickness by the resist solution
20 coating unit (COT), for example, the correlation
between the reflectivity and optimum film thickness as
shown in FIG. 9 and the correlation between the resist
film thickness and spin rotational frequency of he
wafer W by the spin chuck in the resist solution
25 coating unit (COT) as shown in FIG. 10. Also to this
control unit 35, connected is a storage device 51 for

storing the reflectivity of the base film for obtaining



_device sets the spin rotational frequencies at the upper limt gnﬂAygqﬂ“
lower I{mt of the condition deriving range and several rotational

frequenti es between themin accordance with the inputted target 5 film
-thickness as the spin rotational frequency for deriving the condition (step
S2). Subsequently, by preparing as many wafers as the nunber of the above
rotational frequencies and repeating step24S3 t+o S9, filmthickness data 10
corresponding to the rotational frequencies are obtained. Explaining the
steps S3 to S4, hydrophobic processing is perfornmed for the wafer Why the
adhesi on procegsi.n Ni, s Lrst (step . rqafter..,15 the wafer
Wafter the hy§§86%§ i&HB%Qgﬁggﬁnérﬁgagﬁﬁﬁéchg)fﬁggﬁéﬁﬁﬁ% g%g%essing by

the c00Ling PT 4RERIA0 et uhokiteRySthe SURAUION Y rdheifiaie W1 s

inserted into the resist coating unit ), an en the wafer after the

af or ement i oned +§@0LRE 3@ tRLAC Bethdd@n TheOHeFd atittii itthe drRBite sol ution
(step S5). Next, the wafer Wwith the resist being formed is heat-processed

by the baking efipbstuPeBARBINtS {(ForSekample ! kefpRafurey apeuntPpey aneistsi ng i s
perfornmed for the heat-processed wafer Wby the cooling processing unit 25
(CAL) (ssep S7hre8yhsequemalyy bel e iwabde Wd sngleaddk @ontfhignapEtiarhuok 204
i nside the edge aligner 125 via the wafer 3 1 AUG 2004 - 42 carrier body
126, and whi | ewhliehpesisttiomagef devd.osaflé0 \fors stetmioige ey nefd esrnisokt Y08,
positioning of the wafer Wis perforned by the X-Y stage 202 and the

rotati on nechawifsmh20dasgnd iddydoax ghdariaing sasigieded g WL wafer W
(step S8). The wafer carrier body 126 receives the wafer Wfrom the spin
chuck 204, andPREGISion @nd itde SArneldtiame PafMesn Hd R R oFv e

boxshaped body 201 via the opening 205, . . t.he filmthickness nmeasuring device
209 measur es tﬁ@dfi‘ﬁIﬁﬁmﬁﬁﬁai¥§ﬁ1qﬂﬂg¥ﬁ}%&ﬁ WA SHOCTREANT (W st ep

S10, it _is dejt %ﬁﬁ@;%%%tt\g%%p%%&%h%%g%di t'n%Trjtl fl(en%r]%%: ng by oa{:esst_sofas%éi ni shed.

I n concﬂ@te, it he ‘ckness neasurenent is

fi ni shed for ajibthe, raatiendledsaael S ericl £y 4 e Alonagati oned

condition deriving rotational frequency range. I's not finished, the

spi n rotati onalf ;e RENObtlad iGN RS i red B S did N hréePsicy 4 Shar e
execut ed once agaln. Wen the condition deriving process is finished, the

correl ati on beidaaeR1t jidif betivedPtidid anat1 ddtetiene Yarh kideddvéIdpngkness
is calculated in step S12 based on the above described fil mthickness

measuri ng resulgrocEss iprgasiste Wy [the dpelidp oad | pyr @ogs simgdami t h( DEE) of
FIG 20 to FIG 22. 25 In the aforenentioned step S2, it is assuned that
15 are further connected to the control unit 35.

The control unit 35 gets the reflectivity of the
base film formed on the wafer W before the formation of
the resist film by COT measured in the aforementioned
alignment unit (ALIM), and applies this to the

20 aforementioned correlation storage devices 50 and 51 to
thereby calculating the rotational frequency
(acceleration) of the spin chuck of the COT and the
exposure amount of the aligner 13 for obtaining desired
line width precision (steps S3 and S4). Besides the

25 rotational frequency and the exposure amount, heating

processing temperature in the aforementioned post-

exposure baking unit (PEB) and developing processing



the spin rotational frequency range for deriving the condition,d¥ﬁi@n%és
set acc?rding to the target film 8 1 AUG 20p - 43 thickness i 004
(lower Pimt) to RH (upper limt). In this case, for exanple, four
.condition deriving rotational frequencies including, for exanple, two
rotational frequencies (Rl, R2) between the upper and 5 lower |imt are
set, and steps S3 to S9 are executed for @€ach rotational frequency, and the
filmthi ckness on each occasion is neasured. Based on the result, the
curved line showi ng the correlation shown by the solid |line in the diagram

is 10 obtained._.l j (N
dor i vi ng. rot at 1tame T eqbsy oY Prd L MR IR SEIEH Gescr i bed
correlati on 1S QARSI MO MBAIGA (Pl B QA ab) e Lo be

0 a quadr ﬁu 1le,

approxi mat ed t atic curve. I'n this "exanp 5 the upper limt
rotational freqienc)siQhf.ai Nei-tned ha il Ymndas arididd aiseieri vi ng
rotational frequency range is WH and the I'ower Iimt rotational frequency

is M. Such corirgiiatidinlly Sty ethy be hsef anreraiib anadioror rel ation storage
device 315. 20 Next, in step S13, it is determ ned whether the target film
t hi cknesg MO i s i ncladethe nvd feer af ortdnerd | extiesk Neles lamwsh fwith thi@kness
range. At this tinme, as shown in FIG 20, when the MO exists between the
above descri bedeitqaribived ias ithaldasmearifidan £3 26 "shooint aimaIG, Bhd in
step S14, as shown in FIG 20, a rotatjional frequency RO corresponding to

t he above descrafsedvD arepitidimdd haing Hiorned @ %@V{fhé-nspﬁ'i‘& 13y AUG
Zpp,~ - 44 rotational, frequency by which the filmthickness MD can be

obt ai ned. Meanifld &atdo Holhe Rugacwith SHnapHethe 568 HWatheRilst

bet ween t he abgy escri bed MH and the 5 condition derivinggrota i onal

frequency rang J‘r'e S AFTHE R Dr 1§ SHEF WS i RA S i e 1_?% G s set
soa'n |10 SHE AIE L6P 918, 0 40 0E R a1ee sy 0 11 22

t he con o] 0 i ona ency range 1s fromthe

af or ement | oned e d )0, '%lé'cc{) ej"'rf%latt& ﬁhrl;ﬂ*sﬁ]al idNd ARG CHEE! ALt Pa- Sy PR ai ned

in step S12. It 1s prefera t anount of the condition

deriving range i it sitet SARASRLEON W s B ef &Qubes megre t he

af orenenti oned MH or M. and the 15 aforenmenti oned M), but it may be

suitable to shiftiqdrimént apiedgiieny Resl peoisdnsipyerel or downwar d. When it
is deternmined that the aforenentioned MOis included in the rotational

frequency range MH subdéquerbtby nethaswdfer ri¢sis tsubjacsedond neasur enent
(step S13), the RO 20 obtained fromthis correlation is set as the spin
rotationd fredusdmplchip Bledessing in the adhesion processing unit
(AD) of the third processing unit group G3, and after
cooled in the cooling processing unit (COL) of the
third processing unit group G3 or the fourth processing
unit group G4, the wafer W is coated with a photoresist
20 film formed thereon in the resist solution coating unit
(COT) of the first processing unit Gl or the second
processing unit G2 (step S5). At this time, the
control unit 35 controls the rotational frequency of
the wafer W during spin-dry in the resist solution
25 coating unit (COT) with the condition corresponding to

the data of the reflectivity measured by the reflected

light measuring device 34. It may be suitable to



According to the configuration explained above, the effect that Bropes @i n
rotational frequency can be set by inputting the target filmthickness 1Is
obt ai ned. 25 In other words, conventionally in this type of apparatus,
.operators cannot directly input the filmthickness into the apparatus
though it is the film 3 1 AUG 2004 - 45 thickness of the resist film
that they want to set with high preci sion26and-the operators need to
convert it into the other condition such as rotational frequency and the
like to set it. However, according to the 5 above described configuration,

It is possibl ecto(?ltt%tl 3:2% {h%&%ﬁiglg"ﬂrofcre%%ﬁ%c&iﬁe GRE (TR BFUCK by

i nputting and setting filmthi ckness. Further, in the

present i nvent i dite il %y W a¢iEd)haind e defd1@paing requency during

spin-rotation 10 has the gredtest effect on the formation of the film

thi ckness rat hgfrddads e vigfeatino e dett@itin g WridtesHmRAINGE qDEE
resist, the spin rotational frequency is set according to the film

t hi ckness of thg dordreriboveed resist film Thus, the filmthickness 15
can be accurately controlled, and as the result, the effect that the line
wi dt h of sa resi st pa&ifiteem e gletwmedstsbl filonts ofdenkd s Igavi ded.
Further, in the above described one enbodi nent, spin novenent is perforned
a plurality of prionsssfigg &2 @enfoystast nimddien praRakiagainidh  REEBAKHen
desired target filmthickness is not obtajned in this range, the condition
deriving proce$f ithe dhird RracesfdahgliF AP ki the it e to

obtain a desired spin rotational frequency in.a c aratively short tine.
25 The present R S0 W IHotIGUR ¢t tQ?%WﬁP%ﬂéiE@%ﬁ%&%ﬁ%éh one

crbodiTont, and S Oue SO 43 05 S B0OBR U B L
FAT S et S ST GUFbOTE, CTRA Mtk RSN cqly s osi o
e Rt R TRt R S e
af orement i oned - &I MIHt group G4, and thereafter it is placed
inside the extension unit (EXT) of the fourth
processing unit group G4. Subsequently, the wafer
15 carrier device 25 is carried therein from the opposite
side to thereby carry out the wafer W.
The wafer W after being carried out is subjected
to edge exposure processing on the wafer periphery
portion of, for example, the width of 2mm by the edge
20 aligner 24 (WEE).
In the edge aligner, the wafer W is placed on the
spin chuck 44 via the wafer carrier device 25, and
while the sensor 48 detects the position of the wafer W,
positioning of the wafer W is carried out by the X-Y
25 stage 41 and the rotation mechanism 42, thereby

performing edge exposure for the wafer W. Subsequently,

the wafer carrier device 25 receives the wafer W from



.explanation is made with a wafer cited as an exanple of 10 a subﬁttigg,mﬂut
this is not restrictive, and it nay be a glass substrate for a liq
crystal)display. Further, the coating solution or coating filmis not

.limted to a resist solution or a resist film Furthernore, the
aforenentioned filmthickness 15 spin rotational frequency correlation my
be each prepared for each resist (for-eacB7kind of resist set for a
sol ution nozzle) and may be accunul ated and stored in the filmthickness -
spin rotational frequency correlation storage device 315, and this is 20
retated (ITnkeghe! 8p3nPltitdid b OLndObnBNRCERS dRThRAS thieGalfdh O o | ™
thi ckness is inclu 8 . but the $pin rotafional frequency is not set) for
the resist. Acegedioigstifes b th@NboksRhiper: X%On(%tian%%ife)hitr@ prepare
the filmthickness - spin correlation for each 25 process recipe on formng
a resist film hgasednen flilg RhACkRsEC MePSuritig [HRfvideha 92 hres udesc inked
process reci pe may 1 AUG 2~~ - 47 include the setting of whether
automati c amendmdmt tofickihesspion rhieatadeal W r(@megn®p)i.s anended or not.
Furthernore, this enbodi mrent can be carried out in conbination with the
enbodi nest descri bedhe nstferAst exfileni rdek telge fewposursoridi pused hin @ esent
invention, the filmthickness can be controlled with high precisjion
regardl ess of huffexgeaisseiteod PUER)C 1ir eysigre byTHh aliwadieds fagr eI apanese
Pat ent Applications 10 No.2000-70868 filed March 14, 2000, and No.2000- 69813
filed March 149e¥dG€ 25nc| Fnergadied f Whan én refieiWings sehad aishs are

exenplary omborHABAIE LR FEom e AIHERAT Hive G R ATRET ritict ai |

b , th killed dn th t.owll dil ' t hat
i ] cati ons. 418 BOSSHH FARE SR ary ST TR W RO mat ori al 1 y
departing from.t | i . e 1 nenti.on.
Accor di 1y, aftiCHeR 39 SNk OF O AR AT RPN i
the scope of 1 lyyg M@ it expodur P2tk indt8in Widier Sl By IS 1. A

substrate processing nethod for formng a resist filmon a substrate with a

base film being fornad i dieid Oriie Gt RPOSH! 35 HOHRSSs Ngn arwl Gf
devel oping 5 processing for the resist filmto thereby forma desired
resi st patterntheorafes ny:aml are doafdiacicad fidghtetanialy 2ing estmyswfe
radiating a light of the same wavel ength as an exposure |ight

amount by the aligner 13 obtained in the above

15 processing, which corresponds to the ID, for example,
the data regarding the exposure amount (for example,
the exposure amount per unit area) to the aligner 13
via an output unit 154. Thus, exposure processing
based on the data is performed in the aligner 13. The

20 controller 35 outputs the ID of the wafer W, positional
information of each chip of the wafer W, and the
condition for setting the exposure amount by the
aligner 13 obtained in the above processing, which
corresponds to the positional information, for example,

25 the data (specifically, data per chip) regarding the
exposure amount (for example, the exposure amount per

unit area). Thus, in the aligner 13, it becomes



_radi ated during the exposure processing to the base 10 fil m and gnplAnéiW a
reflected light, before formng the resist film and a processing conditYon
control)step of controlling at | east one of a resist filmformng

.condition, a condition for a heating processing perfornmed after the 15
resist filmis fornmed, an exposure processing condition and a devel opi ng
processing condition, based on an analysi 28of the reflected light. 2. The
met hod as set forth in claiml1l, wherein the processing condition control
step 20 includes a step of controlling a resist filmthickness formed on

the substrate %%%%Qb% e ot 2xPlosiif frp‘ifolcee%ts%ﬁd Wik the The method

as set forth in claim?2, erein the“step of controlliing the resist film25

thi ckness cont wpﬁs%ﬁeota%lﬁ&albefﬁ@qmﬂhe@ HIM-lich Lo pimdsed i esi st
solution by rotating the substrate,” which is performed after the resist
solution is Ink Adea2p04 - 49 supplied onto the substrate. 4. The met hod
as set forth in claim3, wherein the step of controlling the rotati onal
frequency of the spiwhel ‘oo rgupcEared Wy tiep Afiqridmiis mimiksiopi,j nele resi st
filmthi ckness corresponding to the analysis of the reflected Iight, and a
step of @bt ai niexpdses meatfayn dghdls furamedreryrenf tichethspimaridr wagnrireaspondi ng to
the obtained film 10 thickness. 5. The nethod as set forth in claim4,
wherein the st alewifcenl2aiviiand heh & quattdr ipsiedessiagl achE efrauie Gdpi n-dry
conprises a correlation calculating step. of formng coating 15 films wth a
plurality of sEANHRLR itehdihe BhQyErciady s Hinans ffeds dohith&l Refifge and

based t hereon, obtaininq)%grrelation bet ween the %Pin rotatioq?l.
exposure baking unit (PEB) by the main carrier device

22, whereby the aforesaid wafer W is subjected to heat

10 processing and thereafter subjected to cool processing
at a predetermined temperature in the cooling unit
(COL) .

Next, the wafer W is transferred to the main
carrier device 22, and carried into the developing

15 processing unit (DEV) of the first processing unit
group Gl or the second processing unit group G2, and
after it is developed with a developing solution, the.
developing solution is rinsed with a rinse solution,
thus completing the developing processing.

20 Subsequently, the wafer W is carried out of the
developing processing unit (DEV) by the main carrier
device 22. Thereafter, the wafer W is subjected to
heat processing in the post-baking unit (POBAKE) of the
third processing unit group G3 or the fourth processing

25 unit group G4, and after cooled in the cooling
processing unit (COL) of the third processing unit

group G3 or the fourth processing unit group G4, it is



frequency and the filmthickness, a judging step of judging mhetgir Eﬁﬁ
target film 20 thickness that is the obtained optinmal filmthick ds X e
resist tilmis included in the range of the coating filmobtained in the
.above step, and a spin rotational frequency cal cul ating step of applying
the target filmthickness to the correlation 25 when it is judged that the
target filmthickness is included in t+he 2&8ge- n the judging step, and
obtaining a spin rotational frequency by which the film 3 1 AUG 2004 - 50
t hi ckness is achieved. 6. The nethod as set forth in claim5, wherein the

judging step i ng_lta%%% %ﬁgﬁ_‘#\t‘% e%g(tierh%i%q{ ruqliq:t i(%p(élc)alocyla{é q.gh]_SrdM th the range

of the spin r ofational 0 a range di r‘ent” fromthe judged that

the target fil ?ﬁ@e@gﬁ% drfi fq%@ﬂft%. S the LRI Y AP QN CfoPSAd D1

frequency bei ng above, en it 1s 1s not included 7. The nethod as set

forth in claimik HYy ey aineAdie RREEIHHODuKlidd Wi LOHEnPcHteped ncl udes
a step of controlling an exposure anount in the exposure processing based

on the anal ysi ouaf tHe waddreat b Idaftty the Whefertnothtes teé dagddtta claim
7, 15 wherein the control of the exposure anmount is perforned for each

substrate. 9. Theforethvaniasy stte fpyddedses|wdfiery, winirtei s thbaoahtow|  of

t he exposure anount is perforned for each chip forned on the substrate. 20
10. The net hod tdse setsdadrtteh statcla md. wherein the processing condition
control step includes a step of controlling a tenperature in a heating
processi ng perf or nedegardinheto cehetenbodinent ortlpe, refbegted hghhnal ysis
of the reflected light. 25 11. The nethod as set forth ip claiml, wherein

the processi ng RefiRamaNt sRvigte e HetRItRIdNS SREPTFLIEHHY 1oF 1ThG a

dovel op1 19,1115 1 0hs 15 sy Ao A o e SEAET  BEOEELRG, Papd or
L et S SRR it e RN 2L S Sa LT et oot o
control step copiyQledird £ASIc APRP! (K FESiSlodd] HLO5HERAGy during

spin-dry of the wafer W in the resist solution coating

unit (COT) and the exposure amount in the aligner 13

are controlled, thus making it possible to control the

15 line width of the resist pattern with high precision.
Consequently, according to the present embodiment, the
assessment of resist line width can be conducted
without measuring the resist line width with use of the
SEM.

20 Further, according to the embodiment, the
reflectivity is measured with use of light of the same
wavelength as the exposure light, thus making it
possible to accurately detect influence exerted by the
base film during exposure processing. Though the light

25 of the same wavelength as the exposure light is used,
it is used before resist coating, and therefore it does

not have an adverse effect on the line width of the



.condition, the condition for a heating processing 10 performed aft auGthg

resist filmis forned, the exposure processing condition and the devel opi ng
process)ng condition, based on a relation between a previously prepared

.reflectivity, and at |east one of the resist filmformng condition, the

condition for the heating 15 processing performed after the resist filmis
formed, the exposure processing condi ti on3&nd the devel opi ng processing
condition. 13. The nethod as set forth in claiml, wherein the reflected
i ght anal yzing step has a 20 step for detecting a filmthickness of the

base film baseqd. Qi deligehed reflected light; and wherein the processing
condition control step controls at | east one of the resist filmformng

condi tion, the condijdARiiOfe @ fiLaHi0 MRAEIEMY, 25 Berdipidwkai ter the
resist filmis forned, the exposure processing condition and the devel opi ng

processi ng congidds¥tenemtet fAerd tiRl aldsdn thatiteemeasumaniaisiys 3 1 AUG
2004 - 52 prepared base filmthickness, and at | east one of the resist

filmformng coedifioraed Hye usang tihen Ifight feef hee ati fifge nemic essialgemperi or ned
after the resist filmis fornmed, the exposure processing condition and the
5 devel opi ng priocess $iey expodivdeod.ight.. A Twisst reat exdorentsss stfifeatetisod f or
formng a resist filmon a substrate with a base film being formed, and
perforning an éqtogirvenprtecdds dgnendigdtdevd dlihggficdte LAHEE DT t he
resist filmto thereby forma 10 desired resist pattern,, conprjsing: a base
reflected |ight anallZzishPskdPenotef dihdy e iRFRSALt MY 'T'Jeor\’/vajg%l engt hs

to the base filmand anal yzi ng.,a component .of the sane. wavel ength as an
exposure |ight %M%ﬁ%%Q%@%ﬁn?%%@%ﬁ@%ta t he
reflected lights bhefore formng the resist fjl p i,00. dition
control step ofvacro]rﬂ‘}solnﬁ(ﬁgf%qagﬁ]eoafﬁ "baﬁ'espoer %@esﬁ%%l%%?%tﬁgl&ﬁ
conditiqn, a CQQQL&;QP for heating processing perforned after the 20 resi st
filmis formed, an é&ﬁbsure processing condition and a devel opi ng

processing conditionpr®ased £ 4 Ne-rRamd v sbﬂ‘;cﬁ@islﬁéfélﬁcél%iwiﬁ hy. 15. A

substrate processing nethod for formng a resist filmon a substrate with

at |east a basedddrin kaipbut dferf©r Nerhanshild ansionemgs tde dubsheate to an
aligner, conprising; a base reflected |ight analyzing step for 8 1 AUG
Zpp4 - 53 radisfiorement iagidd adnd hemlsaidmewty dngd ivers e ekpasuieal
numerals and symbols and the explanation thereof will
15 be omitted.

In the aforementioned one embodiment, the
reflectivity of the base is measured with use of the
light of the same wavelength as the exposure light, but
in the second embodiment, measurement is performed with

20 use of light of multiple wavelengths.

Thus, an apparatus in this embodiment has an
exposure light wavelength analyzer 53 for taking out a
component of the same wavelength as the exposure light
from the reflected light obtained from the

25 aforementioned reflected light measuring device 34 and

detecting the reflectivity thereof. By performing the

same processing as in the above described one




Jdight in the aligner and analyzing a reflected light, before for 'Wﬁmtﬂﬁ
resi st Lilnl a step for obtaining an optinal exposure 5 processiiﬁ) 4

condi ti

nin the aligner based on an analysis of the reflected light; and a

-step of outputting the obtained optiml exposure processing condition to
the aligner side. 16. The nethod as set forth in claim15, 10 wherein the
obt ai ned opti mal exposure condition i s an3dxposure anount per unit tine in

t he aligner.

17. The nethod as set forth in claim15, wherein the base

reflected light analyzing step and the step of obtaining the optim

exposure 15 condily r AR i B NG FAlddl BN JHfa (R mukgd at e,
and wherein thgg%%%%afﬂgiégjgttputgﬁznlﬁgeﬁﬁﬁTief‘gfggachighbstgé?e and an
optimal exposulspdid IayHbtaAVaGHdth Al yEStTAL & K IFARSRARAIFLY to
this to 20 the aligner side. 18. The nethod as set forth in claim 15,
wherei n the bagedgidnest e Itightspaalaioky Expvsant tdwitep afd aiteni ni ng

t he opti nal

exposure condition performanalysis and cal cul ation for each 25

chip of each sulike alres comtndidresi.n t he out put step outputs an identifier
of each substrate, an identifier for each chip in each 3 1 AUG 2004 54
substrate, and an oRdamtdixposurthe akbive orpwbiguratidoms kkght «df p of each
substrate corresponding to the identifier for each chip to the aligner

side. 19. A subutlitdpd eprpoesisngf htetisodigest, e MPRIEAEIER fiImon a
substrate with a base filmbeing forned, and perform ng an expasure

processi ng and SETRSES &fF RASHIGE CHERFRNAIME 1R HRE Fa56n 1 Wik by form
a desired resis attern, cqnprising: a ste f.radiating a light of the
same wavel engt H'ﬁ’fg W%?’@ngs‘l# ett}‘?ggqﬁpcfséb'ip%ﬁewtghr? (?‘?Tse exposur e

processi ng

10

15

20

25

FIG. 15 is a schematic block diagram showing a
third embodiment.

In the aforementioned one embodiment, the
condition for coating the resist solution or the
condition for exposure processing is controlled based
on the reflectivity of the base film, but in the third
embodiment, these conditions are controlled based on
the film thickness of the base film.

Thus, in this embodiment, an interference type of
film thickness measuring device is used as the
aforementioned reflected light measuring device 34.
The film thickness measuring device radiates light of
the same wavelength as the exposure light to the base
film, and detects the film thickness of the base film
from the difference in phase of the reflected light.
Further, to the aforementioned control unit 35,
connected are a base film thickness - COT spin chuck
rotational frequency correlation storage device 54 and

a base film thickness - exposure amount correlation



to the base filmand controlling at | east one of a resist filmfgMAUG 2004
condi tion, and an exposure processing condition based thereon; and a step
of neashring a resist filmthickness with use 15 of a light of a different
-wavel ength fromthe exposure light radiated during the exposure processing,
after the resist filmis fornmed. 20. A substrate processing nethod for
supplying a coating solution to a substrat3@ whi4e rotating the substrate,
20 spreading the coating solution by a centrifugal force of the rotation,
and further rotating the substrate to thereby spin-dry the coating

sol ution, corrpré'ﬁ%' ‘e ?ieq,qcreels%ti on cal culating step for form ng coating
films at a plura |t& of spin rotational frequencies in a 25 first

predet er mi ned r ange AS Ay GL SGiid A P9lafdd Bted dhdUS RSk t hi ckness,

and based thereon, obtaining a correlation between the spin rotati onal

frequency and thddildRdini ftiffsicy? drididii SRt e jdifing sk hee t he

target filmb5 thickness is included in a range of the coating fil m obtained
in the above stgRf¥relsidh Ftored atn Al FiRGUpNdewidad| 54 iagl si®p of
applying the target filmthickness to the correlation when it is judged

t hat thest ar getardfd lsetshithawesst ithe reciaxdeeritnidriled hees sigeseutien j udgi ng
step, and calculating a spin-dry rotational frequency by which the film

t hi ckness i s aciuahvgdy Wit TEOTEt Hdwe sl isgner ok3 end 9 a0M3 20, furt her
conprising 15 a step of executing the correlation calculating step once
again with the rangeARoXdHing i the Aberrl conbigerryior: nkhesheffedtto a
second range different fromthe first predeterm ned ra when t he target

filmthickness 9% fpforaRiusartspihng & 1ine W@-?%g‘?ﬁét]%? epesS Bt 22, A

substrate processing apparatus fqr form aresist filmon_a substrate
with a base fi If?ﬁsfbteqqﬂb&?acﬁ ao%nta“‘?)ef]f]d? %ch}g‘?\%%toér%t&%g%?%% #ﬁi‘?e%%r,
then trgnsferri J{Haéubstrate to an aligner, and perform ng a devel opi ng
processig for Rhe substrate received fromthe aligner to 25 thereby forma

desired resist pattQilang@ie! Sifi%ine FodvelbedPfnal anbasRhbaiheft o
| i ght anal yzi ng device Tor radiating a [1ght of the same wavel ength as an
exposure l'ight the rotational frequency of the spin chuck during spin-
dry is controlled as the condition for forming the
resist f£ilm, but this is not restrictive. It may be
15 suitable to control the rotational frequency or
acceleration of the spin chuck during coating, for
example.

Further, in the above described one embodiment,
the exposure amount is controlled as the condition for

20 exposure, but this not restrictive. It may be suitable
to control exposure time, for example.

Furthermore, the aforementioned reflected light
measuring device 34 is provided in the alignment unit,
but this not restrictive. The reflected light

25 measuring device 34 may be provided at any place on the

wafer W carrier path in the resist coating and

developing system 1, or may be separately provided



.radiated during an exposure processing to the base filmbefore fogmy 'AGGtm
resist film and 5 a processing condition controller for controlling at

| east ohe of a resist filmformng condition, a condition for the heating
«processi ng, an exposure processing condition, and a devel opi ng processing
condition based on an analysis of the reflected light. 10 23. The apparatus
as set forth in claim22, further conprisiBdg a-resist filmformng unit for
supplying a resist solution onto the substrate while rotating the
substrate, then stopping a supply of the resist solution, and further 15

rotating the SUBRIALe chd LANRRY DRl Mol it ¥y8itend he

processi ng condition controller contro e rotati quency of the

spin-dry based on t g analysifo0feddip el o atiddtdre 24 nbhe PRPARE US as

set forth in claim?22, 20 wherein the processing condition controller

controls an expesHhe AP ddbdridRXRRATETE WY AGRP SN Q.OpasRbsuYdths a
analysis of the reflected light. 25. The apparatus as set forth in claim

24, wherein thejlesst salbsafraths ax@s wubsamabd, ias pivtee Maskyed fparintach
substrate. 8 9 AuG 20 s~ 26. The apparatus as set forth in claim 24,
wher ei n she comubstrefte,ha equesice sabmimtaties quet fidrerdd Keorareach chi p
formed on the substrate. 27. The apparatus as set forth in claim 22,
further 5 conprppligablesati ng processing unit for performng the heating
processing, wherein the processing condition controller controls a heating
tenperature in the Heatexpltiared mpast aneuiog % tthe HRFIRY s of the
reflected light. 28. The agparatus as set forth in claim?22, further

conprising a d&FEAEHITRD G Apurkhe fqﬁs%rﬂﬁﬂqﬁs&%@@WW%ol ution
ont o L1e Suost it AT DASAY TR S S5 A0 MaRRE gy whereln the
devel opi,pd ProGeiR Y WiHd 1Rfdr it W AR WS gt dial hedlifdh | ont.
high degree of precision.
As explained in the above described embodiment,
the resist solution is applied onto the wafer by a
spin~-coating method in this system, but in such a spin-
15 coating method, the higher the rotational frequency of
the wafer, the larger the centrifugal force, thus
decreasing the film thickness, and as the result, the
line width varies. In concrete, the film thickness is
dependent on the rotational frequency of a motor of the
20 spin chuck, but is further varied in accordance with
the temperature and humidity of atmosphere.
Consequently, a resist film is conventionally formed
with use of a test wafer, for example, once in a few
days, the target value of the rotational frequency of
25 the motor by which the optimum film thickness can be
obtained is determined. This is inputted and set in

the unit, and a control is performed so that the



.29. The apparatus as set forth in claim22, 20 wherein the refl ecigedAiPads
anal yzing device has a detector for detecting a reflectivity of the
reflected |ight; and wherein the processing condition controller has a

dat abase of a relation between a previously prepared 2s reflectivity and at
| east one of the resist filmformng ~ 1 AUG 2004 sg condition, the
condition for the heating processing, =t he3dxposure processing condition and
t he devel opi ng processing condition. 30. The apparatus as set forth in
claim?22, 5 wherein the reflected |ight analyzing device has a detector for

detect i fi ' f : 4 t fiect ed
CLEE 10,2, 1L RS s, HIBRSG  BIBAA D, Al Aol

| ight; and whereirn the processin abase of a

rel ation betwegp A Vi _u)ébq_roquﬁ%eb_%s'e Q) finig Lk nefss el at | east

one of the resist filmformng condition, the condition for the heating

processing, theiQxPedlickntis®C eTintt @ itdedt 19Nt dift ey el AiHY Wiiacessi ng
condition. 31. A substrate processing apparatus for formng a resist is
filmon a substand® dtMilsh nedeasary [fohameferatedt ard qarfartritigisa heat
processing therefor, then transferring the substrate to an aligner, and
perforni gy a dewndoopihey gurteddsgialg foequdneeys Wl thle enatereianstl fnpt t he
aligner to thereby forma desired resist pattern, conprising: 20 a base
reflected |i ghtanshaety ithg.sdevilsaveuar + @ficandiqa 19 giclfa mgthgd e not
wavel engths to the base filmand anal yzing a conponent of the sane

wavel ength as mléfkﬁﬁﬁlr@q‘ﬁ}mlqlhdisatté@‘gﬂﬁsﬁ“%’n R AR FFIREE ng, out
of reflected lights;, and 3 1 AUG 200g 59 a processing condition .

control l er for X3RtQNaFraavensst ofmes [cafnqt fh’?nﬂ%‘i“?ﬁ‘ﬁg THIR ti on,

And A devel op! rig pRbARRSHHR T 1 0h YRERE 5 e i gt erine
reflectqq 110Nt 32 ; AU dY OGP AR AN Sel PhkAEST 9 Sut ST St
of a preset value during mass production, and depending
on the extent, the line has to be stopped and the test
has to be redone. In such a case, not only stable
processing cannot be performed, but also testing
15 frequency is high, which becomes a cause of reduction
| in throughput. Thus, a system according to the
following embodiment is capable of easily and
accurately making the setting for obtaining desired
film thickness regarding the coating film, and. its
20 object is to control the line width of a resist pattern
with precision, for example, in a photolithography
process. Hereinafter, the embodiment will be explained.
A coating and developing system according to this
embodiment has an inline film thickness measuring
25 device for detecting the film thickness of a coating
film formed on the wafer W for deriving the conditions,

for example, inside the edge aligner (WEE) in the




filmon a substrate wth at |east a base filmbeing fornmed and tgﬁgsf r 'pg
the substrate to an aligner, conprising: a base reflected |ight I%%?iﬁg
device ¥or radiating 10 a light of the sanme wavel ength as an exposure |ight
-in the aligner and analyzing a reflected light, before the resist filmis
formed; an exposure processing condition cal cul ating device for obtaining
an optimal exposure processing condit+on 8h 15-the aligner based on an

anal ysis of the reflected light; and an output device for outputting the
obt ai ned opti mal exposure processing condition to the aligner side. 33. The

: sure processing on | i
xpasur o condi (PaNIrd R0 SeRelbRtna RrbLBEE gl PTsPRRERERRCRN FES: . 4

The apparatus gstgekigorfgh in claim32, wherein each substrate is given an
identifier of its own; 3 1 AUG 2004 60 wherein the base reflected |ight

anal yzi ng devi ce angrighe 16XR@agUIFEGRr A7e3%ieNd ¢didd tiieky edldcwlaln Rgedevi ce
perform anal ysis and cal cul ation for each substrate; and wherein the output
devi ce out put s folre exg@atinfingr aaf edgeaal ignest 1ate (WEd )t hecoptlimg texposure
processing condition obtained for each substrate corresponding to the
identifiser to the ahmbgdémestdend3bn €kempppavcdt as fadmsehifcknessi n cl ai m 32,
wherein each substrate is divided into a plurality of 10 chips; wherein the
- base refl ect edmepghriagadering previdedn@hemeisxposure processing condition

cal cul ating device perform analysis and cal cul ation for each chip of_ each
substrate; and 15 wA€r SOWHhdNOEISt 1dedinde FdG-pdt’s &R iXtehtS%¥a%s 22 each

The opti mal cxpds G EDRREEea fig PERRAM PSR Lafraried PO E0arEh AN each
substrate 201 of the edge aligner 125. A rotation mechanism 203
10 is disposed on the X-Y stage 202. The rotation
mechanism 203 rotatably holds a spin chuck 204 for
holding the wafer W. The wafer W is suction-held on
the spin chuck 204, for example, by a vacuum suction
mechanism (not shown), whereby the wafer W is movable

15 in an X-Y direction and rotatable in a 8-direction
inside the edge aligner 125.

At a front face of the box-shaped body 201 (the
face opposing a wafer carrier body 126), provided is an
opening 205 through which the wafer W is transferred

20 from and to a wafer carrier body 126 and the spin chuck
204 inside the box-shaped body 201. The width of the
opening 205 is larger than the wafer W, and the height
of the opening 205 is larger than the height of the
wafer carrier body 126 with the wafer W placed thereon.

25 An exposure mechanism 207 for performing
preliminary exposure processing for the periphery

portion of the wafer W is disposed at a rear portion



.corresponding to the positional information of each chip to 20 the gjg ST
side. 36. A substrate processing apparatus for holding a substrate on a
substrale hol der rotated by a driving device, supplying a coating solution
-to the substrate and rotating the substrate, and spreadi ng the coating

sol ution 3 1 AUG 200 61 by a centrifugal force of the rotation to thereby
forma coating film conprising a substrat3 rot-ati on speed setting unit for
setting a spin-dry-rotation speed for the coating solution, 5 wherein the
rotation speed setting unit conprises a target filmthickness setting
device for setti t, i t hd J ' I n-dr
rotational f recfl}g%c?):eta%:" %Q'Lndl({ r#é&nn?sr?ﬁggtﬁfeelqa %‘%%%%’% 1Idk%aé\/iq%:ae ]'(s)lro Y
storing a corr I I t n | s r ot aid 3 ( and the
filmthi ckness%ﬁ% é%a [ nl\g/]%?i Ic;nf;lgab%lnqel hlerirge é% l;a&gpl n- rc§/
rotational freg#Rcyal cuaiiig devigehddy¥ APl pdntdtect ai@gatndilm

t hi ckness set by the filmthickness setting device to the correlation
stored in the Mpsspibrdiof rietiaa W riafuiiiposed iddjdderetmesto cglig el ati on
storage device, and calculating the spin-dry rotational frequency for

obt ai ni ng t he tepyaturie ImedHarclere 20 hasahitttssmwre 3 7fod hexagpbs atars as set
forth in claim36, further 20 conprising a filmthickness neasuring device
for measuring tdpgifddlmittieokfireesnas type cohtfingn fihicknese diegsuhingoat i ng
filmformng unit, and a correlation calculating device for obtaining a 25
correl ati on betdgsdre RO dian imgeduling fdie B tinickness ofla ARS 185 62

t hi ckness of the coating film obtained. thereby based on a |,
film on the wafer W is disposed on the opening 205

outside the box-shaped body 201.

10 The image pickup result by the sensor 208 and the
film thickness measuring result of the film thickness
measuring device 209 are sent to a WEE controller 210.
The controller 210 controls the X-Y stage 202, the
rotation mechanism 203, the exposure mechanism 207 and

15 the like based on the image pickup result and the like.

In the edge aligner 125 configured as- above, when
the wafer W is received on the spin chuck 204 from the
wafer carrier body 126, the X-Y stage 202 is moved and
the wafer W is rotated while the sensor 208 is

20 detecting the position of the outer periphery of the
wafer W, thereby adjusting the positions of the oﬁter
periphery of the wafer W and the exposure mechanism 207.
Instead of conducting positioning, the position (the
edge portion of the outer periphery of the wafer W) is

25 detected so that the exposure mechanism 207 is always
in the same position as the edge of the wafer W.

Subsequently, the wafer W is rotated by the rotation



filmthickness of the coating filmmeasured by the filmthicknessy qew%pg
devi ce. 38. The apparatus as set forth in claim37, 5 wherein the

correl aflon cal cul ating device obtains the correlation based on the film

t hi ckness of the coating filmfornmed at each rotational frequency after the
coating filnms are forned at a plurality of spin-dry rotational frequencies
in a predeternm ned range. 10 39. The appar3dtus -as set forth in claim 37,
wherein the filmthickness setting device determ nes whether the target
filmthickness is included in a range of the filmthickness of the coating

film obtained q,{&]hqlfs%ry )eegﬂﬁ_hétllg}ﬂ! fg% é‘éﬁ&éﬂl@aée\?ueo ain

predet er m ned range, and elation a cul ati ng

the correlati Ogsdlf&f‘oxﬁgﬁf r’cﬁ’! W ddie W aRpa i ot d i dhd i dth | P61
frequency being shifted, when the target filmthickness is not incl uded
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supply pipe ndt shown, and a predetermined amount of
resist solution is discharged by pressurizing, for
example, the inside of the resist solution tank.

Next, the detection and control system will be
20 explained. Describing only the configuration related
to the concept of the present invention, to a control
unit 311 (a rotation speed setting unit) shown in FIG.
18, connected are a film thickness inputting device
312 for inputting the target film thickness of a resist
25 film, a film forming condition storage device 313 for

storing the film forming condition of a resist solution,

a condition deriving range storage device 314 for
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210%4& () - 3 01¥d&¥ibhral frequency correlation storage device 315,
the film thickness measuring device 209 provided in the
5 aforementioned edge aligner 125 (WEE), and a rotational
frequency controller 316 for controlling the
aforementioned motor Ml.
Further, the control unit 311 has a condition
deriving rotational frequency range determining device
10 317, a correlation calculating device 318 for
calculating the film thickness - spin rotational
frequency correlation, a judging device 319 for judging
the aforementioned target film thickness exists within
the range of the aforementioned correlation and having
15 the condition deriving process executed once again when
it does not exists within the aforementioned
correlation, and a spin rotational frequency
calculating device 320 for calculating the spin
rotational frequency by which the target film thickness
20 can be obtained based on the correlation.
Hereinafter, these configurations are explained in
detail based on the functions.
The film forming conditions stored in the
aforementioned film forming condition storage device
25 313 at least contain target film thickness MO0 of the
coating film, and rotational frequency KO0 of the spin

chuck 301 while the resist solution is spread.
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5 the target film thickness M0 inputted and set, for

example, through the aforementioned film thickness

input device 312 (the film thickness setting device).

The table specifies the range of the spin rotational

frequency by which predetermined target film thickness

10 MO can be obtained based on an empirical value. The
range of the spin rotational frequency is set to be a
narrow range, for example, of the width of about 10rpm.
If it is set to be a wide range, it takes much time to
derive the condition.

15 The spin rotational frequency - film thickness
correlation storage device 315 stores the spin
rotational frequency - film thickness correlation
obtained as a result of deriving the condition from the
aforementioned spin rotational frequency range. That

20 is to say, the correlation is calculated by using the
wafer W for deriving the condition. Thus, a condition
deriving process for the condition deriving wafer will
be explained with reference to FIG. 19.

Initially, the aforementioned operator inputs the

25 desired target film thickness M0 via the aforementioned
film thickness input device 312 (step S1). The

aforementioned condition deriving range determining
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between them in accordance with the inputted target
5 film thickness as the spin rotational frequency for
deriving the condition (step S2).

Subsequently, by preparing as many wafers as the
number of the above rotational frequencies and
repeating steps S3 to S9, film thickness data

10 corresponding to the rotational frequencies are
obtained.

Explaining the steps S3 to S4, hydrophobic
processing is performed for the wafer W by the adhesion
processing unit (AD) at first (step S3). Thereafter,

15 the wafer W after the hydrophobic processing is
subjected to cooling processing by the cooling
processing unit (COL) (step S4). Subsequently, the
wafer W is inserted into the resist coating unit (COT),
and then the wafer W after the aforementioned cooling

20 processing is coated with the resist solution (step S5).

Next, the wafer W with the resist being formed is
heat-processed by the baking unit (POBAKE) (step S6),
and thereafter cooling processing is performed for the
heat-processed wafer W by the cooling processing unit

25 (COL) (step 87).

Subsequently, the wafer W is placed on the spin

chuck 204 inside the edge aligner 125 via the wafer
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5 0 wafer W (step S8). The wafer carrier body 126 receives
the wafer W from the spin chuck 204, and while it

carries out the wafer W to the outside of the box-

shaped body 201 via the opening 205, the film thickness

measuring device 209 measures the film thickness on the
10 wafer W (step S9).

Next, in step S10, it is determined whether the
condition deriving process is finished. In concrete,
it is determined whether the film thickness measurement
is finished for all the rotational frequencies set in

15 the aforementioned condition deriving rotational
frequency range. When it is not finished, the spin
rotational frequency is changed in step S11, and steps
S3 to 89 are executed once again. When the condition
deriving process is finished, the correlation between

20 the spin rotational frequency and the film thickness is
calculated in step S12 based on the above described
film thickness measuring result.

The process will be specifically explained with
use of FIG. 20 to FIG. 22.

25 In the aforementioned step S2, it is assumed that
the spin rotational frequency range for deriving the

condition, which is set according to the target film
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In this case, for example, four condition deriving
rotational frequencies including, for example, two
rotational frequencies (Rl, R2) between the upper and
5 lower limit are set, and steps S3 to S9 are executed

for each rotational frequency, and the film thickness
on each occasion is measured.

Based on the result, the curved line showing the
correlation shown by the solid line in the diagram is

10 obtained. In concrete, in such a narrow range as the
condition deriving rotational frequency range in this
embodiment, the above described correlation is obtained
with the measured data regarded as suitable to be
approximated to a quadratic curve. In this example,

15 the upper limit rotational frequency obtained in the
aforementioned condition deriving rotational frequency
range is MH and the lower limit rotational frequency is
ML. Such correlation is stored in the aforementioned
correlation storage device 315.

20 Next, in step S13, it is determined whether the
target film thickness MO is included in the
aforementioned measured film thickness range. At this
time, as shown in FIG. 20, when the MO exists between
the above described MH and ML, it is determined as

25 # contained” , and in step S14, as shown in FIG. 20, a
rotational frequency RO corresponding to the above

described M0 is obtained, and this is set as the spin
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5 condition deriving rotational frequency range in which
the aforementioned MO is estimated to exist is set
again in step S15, and steps S3 to S11 are executed
once again.

In FIG. 22, the condition deriving rotational

10 frequency range is shifted from the aforementioned “RL
to RH” to “RL’ to RH’”, and the correlation is obtained
in step S12. It is preferable that the shift amount of
the condition deriving range is calculated based on the
difference between the aforementioned MH or ML and the

15 aforementioned MO, but it may be suitable to shift it
by a predetermined amount upward or downward. When it
is determined that the aforementioned MO is included in
the rotational frequency range MH’ to ML’ obtained as
the result of a second measurement (step S13), the RO

20 obtained from this correlation is set as the spin
rotational frequency (step S14).

According to the configuration explained above,
the effect that proper spin rotational frequency can be
set by inputting the target film thickness is obtained.

25 In other words, conventionally in this type of
apparatus, operators cannot directly input the film

thickness into the apparatus though it is the film
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and setting desired resist film thickness.
Further, in the present invention, in view of the
fact that the rotational frequency during spin-rotation
10 has the greatest effect on the formation of the film
thickness rather than the rotational frequency during
spreading of the resist, the spin rotational frequency
is set according to the film thickness of the
aforementioned resist film. Thus, the film thickness
15 can be accurately controlled, and as the result, the
effect that the line width of a resist pattern can be
preferably controlled is provided.
Further, in the above described one embodiment,
spin movement is performed a plurality of times for a
20 predetermined narrow range, and only when desired
target film thickness is not obtained in this range,
the condition deriving process is carried out once
again, thus making it possible to obtain a desired spin
rotational frequency in a comparatively short time.
25 The present invention is not limited to the above
described one embodiment, and various modifications and

changes can be made without departing from the spirit
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For example, in the aforementioned one embodiment,
measurement of the resist film thickness is performed
in_the edge aligner, but this is not restrictive, and

5 it may be performed in the inline film thickness
measuring device provided separately from the edge
aligner.

Further, in the aforementioned one embodiment,
explanation is made with a wafer cited as an example of

10 a substrate, but this is not restrictive, and it may be
a glass substrate for a liquid crystal display.
Further, the coating solution or coating film is not
limited to a resist solution or a resist film.

Furthermore, the aforementioned film thickness -

15 spin rotational frequency correlation may be each
prepared for each resist (for each kind of resist set
for a solution nozzle) and may be accumulated and
stored in the film thickness - spin rotational
frequency correlation storage device 315, and this is

20 related (linked) to a plurality of COT process recipes
(the target film thickness is included, but the spin
rotational frequency is not set) for the resist.
According to such configuration, it is not necessary to
prepare the film thickness - spin correlation for each

25 process recipe on forming a resist film based on the
process recipe.

Further, the above described process recipe may
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5 As explained thus far, according to the present
invention, the film thickness can be controlled with
high precision regardless of a change in atmospheric
pressure.

The disclosure of Japanese Patent Applications
10 No.2000-70868 filed March 14, 2000 and No.2000-69813
filed March 14, 2000, including specification, drawings
and claims are herein incorporated by reference in its
entirety.
Although only some exemplary embodiments of this
15 invention have been described in detail above, those
skilled in the art will readily appreciated that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings
and advantages of this invention. Accordingly, all such
20 modifications are intended to be included within the

scope of this invention.
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film on a substrate with a base film being formed, and

performing an exposure processing and a developing
5 processing for the resist film to thereby form a
desired resist pattern, comprising:
a base reflected light analyzing step of radiating
a light of the same wavelength as an exposure light
radiated during the exposure processing to the base
10 film and analyzing a reflected light, before forming
the resist film; and
a processing condition control step of controlling
at least one of a resist film forming condition, a
condition for a heating processing performed after the
15 resist film is formed, an exposure processing condition
and a deveioping processing condition, based on an
analysis of the reflected light.
2. The method as set forth in claim 1,
wherein the processing condition control step
20 includes a‘step of controlling a resist film thickness
formed on the substrate based on the analysis of the
reflected light.
3. The method as set forth in claim 2,
wherein the step of controlling the resist film
25 thickness controls a rotational frequency of a spin-dry
for drying a resist solution by rotating the substrate,

which is performed after the resist solution is
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frequency of the spin-dry comprises
5 a step of obtaining an optimal resist film
thickness corresponding to the analysis of the
reflected light, and
a step of obtaining the rotational frequency of
the spin-dry corresponding to the obtained film
10 thickness.
5. The method as set forth in claim 4,
wherein the step of obtaining the rotational
frequency of the spin-dry comprises
a correlation calculating step of forming coating
15 films with a plurality of spin rotational frequencies
within a predetermined range and based thereon,
obtaining correlation between the spin rotational
frequency and the film thickness,
a judging step of judging whether a target film
20 thickness that is the obtained optimal film thickness
of the resist film is included in the range of the
coating film obtained in the above step, and
a spin rotational frequency calculating step of
applying the target film thickness to the correlation
25 when it is judged that the target film thickness is
included in the range in the judging step, and

obtaining a spin rotational frequency by which the film
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executing the correlation calculating step once again

5 with the range of the spin rotational frequency being
shifted to a range different from the above, when it is
judged that the target film thickness is not included
in the range.
7. The method as set forth in claim 1,

10 wherein the processing condition control step
includes a step of controlling an exposure amount in
the exposure processing based on the analysis of the
reflécted light.

8. The method as set forth in claim 7,

15 wherein the control of the exposure amount is

performed for each substrate.
9. The method as set forth in claim 7,

wherein the control of the exposure amount is
performed for each chip formed on the substrate.

20 10. The method as set forth in claim 1,

wherein the processing condition control step
includes a step of controlling a temperature in a
heating processing performed after the resist film is
formed, based on the analysis of the reflected light.

25 11. The method as set forth in claim 1,

wherein the processing condition control step

includes a step of controlling a developing time in the
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reflected light.
12. The method as set forth in claim 1,
wherein the reflected light analyzing step has a
5 step of detecting a reflectivity of the reflected light,
and
wherein the processing condition control step
controls at least one of the resist film forming
condition, the condition for a heating processing
10 performed after the resist film is formed, the exposure
processing condition and the developing processing
condition, based on a relation between a previously
prepared reflectivity, and at least one of the resist
film forming condition, the condition for the heating
15 processing performed after the resist film is formed,
the exposure processing condition and the developing
processing condition.
13. The method as set forth in claim 1,
wherein the reflected light analyzing step has a
20 step for detecting a film thickness of the base film
based on a detected reflected light; and
wherein the processing condition control step
controls at least one of the resist film forming
condition, the condition for a heating processing
25 performed after the resist film is formed, the exposure
processing condition and the developing processing

condition, based on a relation between a previously
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formed, the exposure processing condition and the
5 developing processing condition.
14. A substrate processing method for forming a resist
film on a substrate with a base film being formed, and
performing an exposure processing and a developing
processing for the resist film to thereby form a
10 desired resist pattern, comprising:
a base reflected light analyzing step of radiating
a light of multiple wavelengths to the base film and
analyzing a component of the same wavelength as an
exposure light radiated during the exposure processing
15 out of the reflected lights before forming the resist
film; and
a processing condition control step of controlling
at least one of a resist film forming condition, a
condition for heating processing performed after the
20 resist film is formed, an exposure processing condition
and a developing processing condition, based on the
analysis of the reflected light.
15. A substrate processing method for forming a resist
film on a substrate with at least a base film being
25 formed and transferring the substrate to an aligner,
comprising;

a base reflected light analyzing step for
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a step for obtaining an optimal exposure
5 processing condition in the aligner based on an
analysis of the reflected light; and
a step of outputting the obtained optimal exposure
processing condition to the aligner side.
16. The method as set forth in claim 15,
10 wherein the obtained optimal exposure condition is
an exposure amount per unit time in the aligner.
17. The method as set forth in claim 15,
wherein the base reflected light analyzing step
and the step of obtaining the optimal exposure
15 condition perform analysis-and calculation for each
substrate, and
wherein the output step outputs an identifier of
each substrate and an optimal exposure condition
obtained for each substrate corresponding to this to
20 the aligner side.
18. The method as set forth in claim 15,
wherein the base reflected light analyzing step
and the step of obtaining the optimal exposure
condition perform analysis and calculation for each
25 chip of each substrate, and
wherein the output step outputs an identifier of

each substrate, an identifier for each chip in each
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each chip of each substrate corresponding to the identifier
for each chip to the aligner side.
19. A substrate processing method for forming a resist

5 film on a substrate with a base film being formed, and
performing an exposure processing and a developing
processing for the resist film to thereby form a desired
resist pattern, comprising:

a step of radiating a light of the same wavelength as

10 an exposure light radiated during the exposure processing
to the base film and controlling at least one of a resist
film forming condition, and an exposure processing
condition based thereon; and

a step of measuring a resist film thickness with use

15 of a light of a different wavelength from the exposure
light radiated during the exposure processing, after the
resist film is formed.

20. A substrate processing method for supplying a coating
solution to a substrate while rotating the substrate,

20 spreading the coating solution by a centrifugal force of
the rotation, and further rotating the substrate to thereby
spin-dry the coating solution, comprising:

a correlation calculating step for forming coating
films at a plurality of spin rotational frequencies in a

25 first predetermined range based on a set target film
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thickness;

a judging step of judging whether the target film

5  thickness is included in a range of the coating film
obtained in the above step;

a spin-dry rotational frequency calculating step of
applying the target film thickness to the correlation when
it is judged that the target film thickness is included in

10 the range in the judging step, and calculating a spin-dry
rotational frequency by which the film thickness is
achieved.

21. The method as set forth in claim 20, further
comprising

15 a step of executing the correlation calculating step
once again with the range of the spin rotational frequency
being shifted to a second range different from the first
predetermined range, when the target film thickness is not
included in the range in the judging step.

20 22. A substrate processing apparatus for forming a resist
film on a substrate with a base film being formed and
performing a heat processing therefor, then transferring
the substrate to an aligner, and performing a developing
processing for the substrate received from the aligner to

25 thereby form a desired resist pattern, comprising:
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a light of the same wavelength as an exposure light
radiated during an exposure processing to the base film
before forming the resist film; and

5 a processing condition controller for controlling at
least one of a resist film forming condition, a condition
for the heating processing, an exposure processing
condition, and a developing processing condition based on
an analysis of the reflected light.

10 23. The apparatus as set forth in claim 22, further
comprising

a resist film forming unit for supplying a resist
solution onto the substrate while rotating the substrate,
then stopping a supply of the resist solution, and further

15 rotating the substrate to thereby perform a spin-dry,

wherein the processing condition controller controls
the rotational frequency of the spin-dry based on the
analysis of the reflected light.
24. The apparatus as set forth in claim 22,

20 wherein the processing condition controller controls
an exposure amount in the exposure processing based on the
analysis of the reflected light.

25. The apparatus as set forth in claim 24,
wherein the control of the exposure amount is

25 performed for each substrate.
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wherein the control of the exposure amount 1is
performed for each chip formed on the substrate.
27. The apparatus as set forth in claim 22, further
5 comprising
a heating processing unit for performing the heating
processing,
wherein the processing condition controller controls
a heating temperature in the heat processing unit based on

10 the analysis of the reflected light.

28. The apparatus as set forth in claim 22, further
comprising

a developing processing unit for supplying a
developing solution onto the substrate and performing the

15 developing processing,

wherein the processing condition controller controls
a developing time in the developing processing unit based
on the analysis of the reflected light.
29. The apparatus as set forth in claim 22,

20 wherein the reflected light analyzing device has a
detector for detecting a reflectivity of the reflected
light; and

wherein the processing condition controcller has a

database of a relation between a previously prepared

25 reflectivity and at least one of the resist film forming
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exposure processing condition and the developing processing

condition.
30. The apparatus as set forth in claim 22,
5 wherein the reflected light analyzing device has a

detector for detecting a film thickness of the base film
based on a detected reflected light; and

wherein the processing condition controller has a
database of a relation between a previously prepared base

10 film thickness and at least one of the resist film forming
condition, the condition for the heating processing, the
exposure processing condition and the developing processing
condition.

31. A substrate processing apparatus for forming a resist

15 film on a substrate with a base film being formed and
performing a heat processing therefor, then transferring
the substrate to an aligner, and performing a developing
processing for the substrate received from the aligner to
thereby form a desired resist pattern, comprising:

20 a base reflected light analyzing device for radiating
a light of multiple wavelengths to the base film and
analyzing a component of the same wavelength as an exposure
light radiated during an exposure processing, out of

reflected lights; and
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5 an analysis of the reflected light.
32. A substrate processing apparatus for forming a resist
film on a substrate with at least a base film being formed
and transferring the substrate to an aligner, comprising:
a base reflected light analyzing device for radiating
10 a light of the same wavelength as an exposure light in the
aligner and analyzing a reflected light, before the resist
film is formed;
an exposure processing condition calculating device
for obtaining an optimal exposure processing condition in
15 the aligner based on an analysis of the reflected light;
and
an output device for outputting the obtained optimal
exposure processing condition to the aligner side.
33. The apparatus as set forth in claim 32,
20 wherein the obtained optimal exposure condition is an
exposure amount per unit time in the aligner.
34, The apparatus as set forth in claim 32,

wherein each substrate is given an identifier of its

own;
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35. The apparatus as set forth in claim 32,
wherein each substrate is divided into a plurality of
10 chips;
wherein the base reflected light analyzing device andv
the exposure processing condition calculating device
perform analysis and calculation for each chip of each
substrate; and
15 wherein the output device outputs an identifier of
each substrate, a positional information for each chip in
each substrate, and the optimal exposure processing
condition obtained for each chip of each substrate
corresponding to the positional information of each chip to
20 the aligner side.
36. A substrate processing apparatus for holding a
substrate on a substrate holder rotated by a driving
device, supplying a coating solution to the substrate and

rotating the substrate, and spreading the coating solution
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thickness of the coating film obtained thereby, and
a spin-dry rotational frequency calculating device
for applying the target film thickness set by the film
thickness setting device to the correlation stored in the
15 spin-dry rotational frequency - film thickness correlation
storage device, and calculating the spin-dry rotational
frequency for obtaining the target film thickness based
thereon.
37. The apparatus as set forth in claim 36, further
20 comprising
a film thickness measuring device for measuring the
film thickness of the coating film formed by the coating
film forming unit, and

a correlation calculating device for obtaining a

25 correlation between the rotational frequency and the film
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thickness of the coating film obtained thereby based on a
film thickness of the coating film measured by the film
thickness measuring device.

38. The apparatus as set forth in claim 37,

5 wherein the correlation calculating device obtains
the correlation based on the film thickness of the coating
film formed at each rotational frequency after the coating
films are formed at a plurality of spin-dry rotational
frequencies in a predetermined range.

10 39. The apparatus as set forth in claim 37,

1 wherein the film thickness setting device
determines whether the target film thickness is
included in a range of the film thickness of the coating
film obtained at the spin-dry rotational frequencies in the
15 predetermined range, and
makes the correlation calculating device obtain the
correlation once again with the range of the spin-dry
rotational frequency being shifted, when the target film

thickness is not included therein.

20



