Y TI TLE OF THE | NVENTI ON NETH&Q’@OW <

APPARATUS FOR PROCESSI NG PHOTORESI ST, METHOD OF EVALUATI NG
PHOTORESI ST FI LM AND PROCESSI NG APPARATUS USI NG THE EVALUATIO@E
METHOD 5 BACKGROUND OF THE | NVENTI ON [

I nvention relates to a nethod of and a systep _ for subjecting a
substrate to photoresist processing and a nethod of evaluating a
photoresist film and nore particularly to a nethod of evaluating a
resist film 10 - nade of a chemcally anplified photoresist and a
processi ng apparatus using the safmeITLE OF THE INVENTIOMN photoresi st
processing step in the sem conduct or devi ce manufacturing process,
a phot or 4B BHOI | OFn AND fARRARATIS HOR \RROLCES HINE CPHRGTGRESTIST,
solution onto the surface of a substrate, such as a - sem conduct or
waf er (her ei naf t METHQD cOF RVALUARING PHOTOREW‘%@IM@XMW RRQEESSING

phot or esi st-coat ed surface through @eCIfIC pattern, and then
devel opi ng the e@RBRRATUS USIN%LWH%d@VA%W#W%P MEFHP ng solution. In such
~a series 20 of processes, gEhotoreS|st FOCESSIH% stem has been
‘used. 5 The phot or es BACKGROUNDs PEg TEEs ANVENTIIONdes

processing units which_se aratel carry_out t oW, N rocesses
~an adhesi on process to¥ hhgrbVEeF °n2§glate§|&%t?dﬂeBPoﬁh8¥o?%§igt? ygtem
~coating process tp ap hot or esi tion | ng. process
to harden the for gﬁ%b?%?éggs? ?&b?ﬁf@ti € |$EP ?ﬁ?%ﬁ%€09§§¢%?§%@éted
' and a method of evaluating a photoresist film, and more
particularly to a method of evaluating a resist film
10 made of a chemically amplified photoresist and a
processing apparatus using the same.

In the photoresist processing step in the
semiconductor device manufacturing process, a
photoresist film is formed by applying a photoresist

15. solution onto the surface of a substrate, such as a
semiconductor wafer (hereinafter, referred to as a
wafer), exposing the photoresist-coated surfaée through
a specific pattern, and then developing the exposed
surface with a developing solution. In such a series

20 of processes, a photoresist processing system has been
used.

The phdtoresist processing system includes
proéessing units which separately carry out the
following processes an adhesion process to improve the

25 fixation of photoresist, a coating process to apply_a
‘photoresist solution, a heating process to harden the

photoresist film by putting the photoresist-coated



-2 il substrate in an atnosphere of a specific tenperature, a
heati ng process to put the exposed substrate in an at nosphere of a
specific tenperature, and a devel opi ng process to supply a

devel opi ng solution to the exposed 5 substrate.for devel opnent. The
phot or esi st processing system useg asgtragnsfer nechanism such as a
transfer arm to |load and unload a wafer, or substrate, into and
fromeach of the processing units. A photoresist filmfornmed
on the wafer is required 10 to have not only a desired thickness but
al so a good substrdte nin yanfatiisphesss . off@ rspecihitc ctenprratmen; sa
It Is necessary to neasure the thickness of the phot oresist film
fornmed in the phdieattngiproeresstagut the expegednsubsoratatimmt et hod
of measuring the 15 thi ckness of a photoresist filmis carried out
accordi ng to the gnosphere RHceRpecific temperature,sanda figyeleRring
filmis fornmed on a dummy wafer in the photoresist processiqged

system BRIAAT 50 SURPHUMNASYRPIng (30EACHoR BP hR e3Re
Dpotorest sty proceea I S N D & FAULISE 1, phovonen ShRRiRaSlad ™
I ckness, reasurl S0 ISLRIETS «ransser MSYHEERR SheR B ERARIASETS
20 cosst o LT 0 o ISR £3h n 5B SRR, 0 Yibperate, PRRDORRE' S
measurement so tr¥§o$r5%ch of the processing units.
A photoresist film formed on the wafer is required
10 to have not only a desired thickness but also a good
uniformity.of thickness. To meet these requirements,
it is necessary to measure the thickness of the
photoresist film formed in the photoresist processing
system. A conventionai method of measuring the
15. thickness of a photoresist film is carried out
according to the following procedure.
First, a photoresist film is formed on a dummy
wafer in the photoresist processing system.
Thereafter, the dummy wafer is taken out of the
20 photoresist processing system by a carrier. The
thickness of the pﬁotoresist film on the dummy wafer is
then measured with a thickness measuring instrument
provided outside the system. The humidity in a
photoresist coating unit and the rotational speed of
25 the wafer in the photoresist coating unit in ﬁhe

photoresist processing system are adjusted on the basis -

of the result of the measurement so that the



-3- ) photoresist filmmay have a desired filmthickness with

good uniformty. When the dummy wafer is taken out of the
phot or esi st processing systemand the filmthickness is 5 neasured, it
IS necessary to stop the photoresist processing systemtenporarily.
In addition, the t hi ckness of thEJﬂK§CNESISt filmhas to be

measur ed periodically, such as |lot by lot. The tenporary stop

and the periodic nmeasurenent result in a decrease in 10 t he

t hroughput. Since the environment in which the phot or esi st
processi ng syst ephoteresisthéidmemayi have a desimétefiihmethbaknessewithf
the thickness of the photoresist filmis not identical-wth the
system egopdonnéfiormityhe ti ne when the photoresist filmwas 15
formed on the dummy wafer, there may be a case where the result of
measuring the filmthiWbeRethecdumsy wafer is takem ps# ©F the adj ustment of
the resist filmformng conditions w thout any nodification.

Use of chenical | Phakpresicd precesaing: sygtempand tb&. fadmethickpges is
manuf acture of extra | arge, scale - integratiopn in terns

sensitivity and Wﬁéﬁpﬁ?ponlt is neceﬁﬁéﬁyatﬁthBPe§B§tPPPFHFF§1ﬁﬁde of
chemcally anplified - phot or esi st Eere arisga. ,grobl t he
t hi ckness PrBFeﬁﬁénEhGYSF§§|§?mPPFﬁF& ¥mgedNa@ddifd Bas§g§ 25
For exanpl e, supgﬁse one hu hot.or esi st

d,with
consecutively an éFFBFSFhQ %EEBS%SﬁE%FgEStCQQE%tHggpﬁ8tBFe§F§FBF?Fn1 t he

filmthickness Ogeggggical&h, such as lot by lot. The temporary stop

and the periodic measurement result in a decrease in

10 the throughput. Since the environment in which the
photoresist processing system resumes the operation
after the measurement of the thickness of the
photoresist film is not identical with the syéfem
environment at the time when the photorésiét film was

15. formed on the dummy wafer, there may be a casé where
the result of measuring the film thickness cannot Be
applied to the adjustment of the resist film forming
conditions without any modification. |

Uée of chemically amplified photoresist is

20 suitable for the manufacture of extra large scale
integration in terms of sensitivity and resolution.
When. a photoresist film is made of chemically amplified
photoresist, there arises a problem: the thiékness
of the photoresist film changes as time passesﬂ

25 For example, suppose one hundred wafers are coated with
photoresist conéecutively-and after the formation of

the photoresist film, the film thickness of each of the



-4 : wafers is measured one by one in the order in which

t hey have been coated wth photoresist. During the time from when
the filmthickness of the first wafer is measured until the film

t hi ckness of the hundredth 5 wafer is nmeasured, the tinme required to
neasure 99 waf ers has el apsed. The fig mithickness data varies as
time passes. For exanple, in a case where a chemcally : anplified
phot oresi st is used whose filmthickness ~ decreases by about 10
angstronms per hour with respect 10 to the filmthickness of 8000
angstrons i nmediwafeys is measatedr ohkebygoanendgn theoprdeandnewhighers are
coat ed wi th photoresist consecutively and then the film

t hi ckness of eachhef hhwewbheenscpstedawitbdphatioresist. Dugidrgstheve hours
to neasure the hundred wafers, the 15 t hi ckness of the hundredth
resist filmuwilltbme from wheni kher f@ﬂmnthhskneﬁ&'»t rE thesfirss wpter dspy
about 50 angstro conse e, even .if there is
not hi ng wrong measurﬁptﬁnﬁhé @B&tﬁhémpFBé€§§esﬁh8 fFBﬁlPHP@Eﬁ9§ will 20
decreases as tine el apses An a co atlngaprocess

woul d caus? the V@ EFné?smSPsPﬁégge§ggttl%e req“PFFH1F8 PgAFurFe

lting in
a gradual decrease_in t t hi ckness ,of hat oresi_ st fi.l.m
subsequent |y for Heders Ras elBBé&GSe @5 F% % it sﬁaFl%ﬁ JRERE as

| hip 25 d_the fil
he order of moatPEnBeERBSr | ReFPRRNELSas L0ogs cREp wherd s GHERIERANS "

determ nation “h%%g &f&h% %%9 %E%%E% f"GEed whose film thickness

decreases by about 10 angstroms per hour with respect

16 to the film thickness of 8000 angstroms immediately
after the coating, if one hundred wafers are coated
with photoresist consecutively and then the film
thickness of each of the wafers is measured and it
takes five hours to measure the hundred'wafefs, the

15. thickness of the hundredth resist film will be
thinner than that of the first resist film by about
50 angstroms.

As a consequence, even if there is nothiﬁg wrong

with the coating process, the film thickness will

20 decreases as time elapses. An abnormality in the

. coatihg process would cause the thickness of the resist

film to vary, resulting in a gradual decrease in the
thickness of the photoresist film subsequently formed.
Because of this, an examination of the relationship

25 between the elapsed times and the film thicknesses in
the order of measufing the film thicknesses does not

help make a determination whether the photoresist film



-5- ’ Is in a good condition or its filmthickness has changed
because an abnornmality has occurred. As descri bed above, when
a photoresist filmis made of a chemically anplified resist whose
film 5 . thickness changes as tinme elapses, it is difficult to
determ ne froma sinple neasurenment of the tgi ckness of t he

phot oresi st filmwhether or not the filmthickness Itsel f has
changed. This causes the problem of being . unabl e to make an
accurate determ nati on whether or not 10 there is any abnormality in
the coating process ior d@ good condittiemlvat drssifsitlnf ithrickness has

BRI EF SUMVARY OF THE | NVENTI ON ' An obj ect of the present
invention is to mhangssl because ampledingdlsityphwseteurred hod and a

phot oresi st 15 processi ng system which neasure the thickness of a
photoresist filmon aAudesaribed takane + aieny a ehotoresisy pilmai®, such

as a wafer, out of'thezghotonesjst rocessing system _enable the
a -E%%

adj ust nent of thd&ade o o 1t Q"?H%ﬁoltﬁqnlfﬁf drresmst i he '
phot oresi st 20 . Qrocessi.ng system.on the basis of the pEasur t, and
t hereby acRieve & e%%r‘ﬂ'lj’g% as time eelapsesﬁtno’tthe’rs o‘g’?éﬁ c‘gﬂ?{}rﬂe

present invention, is a filmthickness,_.eval,uat.

. i | d
cgpabl eI of detesn, ng eqﬁpxﬁépg%\ﬁ&e%d“%ﬂwe% tttf?l:’?léltf%’?%ﬁlmégg
[ [ . ' X ' h hi ck . - Of
SR 1y 1 {5 AR & UG ) SO, g, ke

wafer using a na%ﬂgéﬂfvﬁggﬁ%ﬁéﬁégd. This causes the problem of being

unable to make an accurate determination whether or not
10 there is any abnormality in the coating process or in -
the photoresist film.
BRIEF SUMMARY OF THE INVENTION

An object of the present-invention'is to provide a

photoresist processing method and a photoresist

15' processing system which measure the thickness of a
photoresist film on a substrate without taking the
substrate, such as a wafer, out of the photoresist.
processing system, enable the adjustment of_the
photoresist film forming conditions in the photoresist

20 processing system on the basis of the measurement, and
thereby achieve a great throughput.

Another object of the present invention is to
provide a film thickness evaluation method capable of
accurately determining whether or not there is_any

25 abnormality in the coating process or in the thickness
of the formed photoresist film when a photoresist film

is formed on a wafer using a material whose film



- 6- ’ t hi ckness varies with elapsed tinme as a chemcally

anplified resist does, and a processi ng apparatus using the film

t hi ckness eval uati on net hod. According to a first aspect of
the present 5 i nventi on, there is provi ded a resi st processing nethod
in a resist processing system conprising.a §irst step of setting a
substrate at a specific tenperature, a second step of formng a
resist filmon the substrate by applying a resist solution onto the
substrate while 10 turning the substrate set at the specific

t enper at ur e, thicknass varsiesp wifthheditips@d; dmeulast eatchesioadilah t he
resist filmhas been formed, a fourth step of cooling t he heated
substrate to a speplifiadmesigtudoesan@ngd a procesgifng FPRAFALNS W inge

t hi ckness of the resist filmaon 15 t he. substrate between the third
step and the fourthe film thigkness, evadyaddion Metd&dksi ng syst em

The thickness of the resist filmon the substrate may be neasured
after the fourth step Aggerding o a firstaspRet qf the Bf the

resist filmon the sybstrate can asured mnt ut t.akin
substrate 2 ”B‘[ﬁmb‘fmthé" g &S e‘é’%‘ﬂe essing “%tttﬂ?éjn

the result of neasuring the thickness o i st fj ntha shomn

that the desired¥?3n %&?CGSSlng ng:%t SSMRF HHR & T Tt
o e et R B BT,
speed of the SUstté&;fdié]té[beof ef&ﬁ'&lf?d)aé 'f&ﬂﬂ:‘ £i130%n the substrate
by applying a resist solution onto the substrate while
10 turning the substrate set at the specific temperature,
a third step of heating the substrate on which the
resist film has been formed, a fourth step of cooling
the heated substrate to a specific temperature} and a
step of measuring the thickness of the resist film on
15. the substrate between the third step and the fourth
step in the resist processing system.

The thickness of the resist film on the substrate
may be measured after the fourth step. With this
method, the thickness of the resist film on the

20 substrate can be measured without taking the substrate
out sf the resist processing system.

When the result of measuring the thickness of the
resist film has shown that the desired film thickness
has not been reached or that the uniformity of the film

25 thickness is outside the permitted range, at léast the
humidity in the resist coating unit, the rétational

speed of the substrate in the resist coating unit, and



-7- either the tenperature of the substrate or the

tenperature of the resist solution in the first step are adj ust ed.
Wth this nmethod, because the thickness of the 5 resist filmis
measured inside the resist processing system it is not necessary
to stop the resist processing system during the neasurenent of the
film t hi ckness, hel ping keep the environnent within the

resi st processing systemconstant. This makes it 10 possible to
directly use the result obtained by measuring the thickness of the
resist film eitherathei tempeyathreadfutheestubstrake pesithbe forni ng
condi ti ons. The thickness of the resist filmmy be neasured
15 in a fil ntempexasyrenpisthencasistagelptdondds thet fdrst step resj st
processing system The thickness nmay be measured whil e the transfer
mechani smin t hedFespdfjusted. processing systemis holding the substrate
I n place. This, would eliminate the installation_space for the 20

filmthickness measur ¥iddx thiggmethedyi hgcaure the thicknessegfsthe
roach,

e e SHATER TR paduLed Pl e, e seeotT phRCe RIS T
substrate to the_film .. .. Lhickness neasurenent age. .2 The
t hi ckness of thesyggﬁgf ﬂFIﬁFwﬁ?£b§3ﬁ§§§ﬁF¥dE° stop %bﬁ §e§é§? substrate
E;Féi?ﬁdaiQO;PSihgé?agsRB%Cg§%kgﬂ during tﬁ&sﬁggguzg%eh%sgfs%ggtE%&%.nay be
thiékness, helping keep the environment within the
resist processing system constant. This makes it
10 possible to directly use the result obtained by
measuring the thickness of the resist film,
facilitéting the adjustment of the resist forming
conditions.
The thickness of the resist film may be ﬁeasured
15' in a film thickness measurement stage provided in the
resist processing system. The thickness may be
measured while the transfer mechanism in the resisf
processing system is holding the substrate in.place.
This would eliminate the installation space fér the
20 film thickness measurement stage, helping make the
resist processing system more compact. Additionally,
with the approach, there would be no need to perform
the process of transferring the substrate to the film
thickness measurement stage. |
25 The thickness of the resist film may be measured

on a test substrate provided in the :esist'processing

system. The test substrate may be held in a container,



-8 ’ such as a carrier, in the resist processing system and

be taken out of the container at the tinme of neasuring t he

t hi ckness of the resist film At that tinme, the resist filmon the
test substrate whose filmthickness 5 has been neasured may be washed
out at the resist coating unit. The gest substrate from which the
resi st fil mhas been washed nmay be stored in the carrier

wi thin the processing systemfor subsequent resist film t hi ckness
testing. This enables the test substrate to 10 be used nore than once.
Accordi ng to a seunwhd &S e cdamfidre ipr adentresist prdoesmingsysttiear, e ansl
provi ded a resist processing system conprising a resist coating
unit for form ngbe rnediest out of the lonrmdimesuladt rtdiee thymeamf yeaguringsi st
solution onto 15 the substrate while turning the substrate, a heating
unit for heating thee thishknegs ofy theamefsdstmndfdidiami st that timer, Hdledi ng
and transferring the substrate, and a film t hi ckness neasuring

i nst runment prow Fasiffofdlm on the yestyswhstadts asthase tidmehickgessit to
measur e the t hi ckness of the resist filmfornmed qQn the substrate.
In general 2 afteﬂ‘aﬁelhﬁf‘bd‘ﬁaeﬂlmq may &l“?ﬁs hed out afgthe Fesiste

substrate goes into the heating process arden the ‘resist ,

sol uti on. Wth tRea%ing (Hiidknedhe test sWhﬁ%ﬁﬂﬁ%1 o ¢ {theh FPS iSite
near altilm’ | ELIR fag heen a@aé}“ﬁb b e G e B o e
heating unit. Thereéo.retﬁehepétorg ss SgS s%}cst:[eqne o%:SISSutbsequent. resist film
thickness testing. This enables the test substrate to
10 be used more than once.

According to a second aspect of the present
invention, there is provided a resist processing system
comprising a resist coating unit for forming a resist
film on a.substrate by applying a resist solution onto

15. the substrate while turning the substrate, ‘a heating
unit for heating the substrate, a transfer mechanism
for holding and transferring the substrate, and a film
thickness measuring instrument provided above a
load/unload slot of the heating unit to measure the

20 thickness of the resist film formed on the substrate.

In general, after being coated with a resist
solution, the substrate goes into the heating process
to harden the resist solution. With the film thickness
measuring instrument above the heating unit, the heated

25 substrate never fails to pass through or near a film

thickness measuring point when being taken out of the

heating unit. Therefore, the thickness of the resist



-9- ' filmcan be neasured immedi ately after the heating
process at the heating unit w thout unnecessary novenent of the
substrate, resulting in an inprovenent in the throughput.. 5
According to a third aspect of the present l.nvention, there is
provi ded a resist processing system - gomprising a resist coating
unit for formng a resist filmon a substrate by applying a resi st
solution onto the substrate while turning the substrate; heating
10 units for heating the substrate to a first tenperature,
tenper at ure adj usffilmy can tlse eeasyradeinnediatomlypfafter thecheatimgat | east
the substrate to a second tenperature, ] _a transfer mechani sm for
hol di ng and trangxecess atethe heatingibmitatwithont sunnepessrckness
measuring instrunment 15 whi ch is provided above | pad/ unl oad sl ots of
at | east roverent rf Hehe i spakrvate orresiel tingelnt &R clmpresenert
units, the heating units and the tenperature adjusting units being
| ai d one on top(ﬁneﬁﬂﬁrﬁ#ro%HRPW%1ch measures the thickness of the
resist filmformed on substr ate. cool i ng
i ncl udes both forced c%%??ﬁ 159 tPed enifd a%P?EEIQF'BHeOPrES?EFrlgerant
and natur al coollnjrg‘F Xt anbjent te éalu e. V%
configuration, aftityention, thege t??ﬁf{g% R TeFiP epﬁ%%?§ﬁbn%n§¥sﬁ$m
after the 25 erature adjustnent, at_the, t egpe ture adj u
ini t. the thicknURTLEFRY € PR ke ha oLt EPE FoRREnG b RE s, o
Wt hOUt unnecessafylﬁngﬁn;néugétégte by applying a resist solut:.on onto
the substrate while turning the substrate; heating
10 units for heating the substrate to a first temperature,
temperature adjusting units having the function of
cooling at least the substrate to a second temperature,
a transfer mechanism for holding and transferring the
substrate, and a film thickness measuring instrument
15 which is provided above load/unload slots of at least
either the heating units or the temperature adjusting
units, the heating units and the temperaturé adjusting
units being laid one on top of another, and which
measures the thickness of the resist film fprmed on the
20 substrate.

Here, cooling includes both forced cooling by the
circulation of a refrigerant and natural cooling by
ambient temperaturé. With this configuration, after
the heating process at the heating unit or after the

25 temperature adjustment at the temperature adjusting
unit, the thickness of the resist film can be measured

immediately without unnecessary movement of the



- Y10 - substrate, leading to an inprovenent in the throughput.

An instrunment for neasuring the thickness of the resist filmnmay be
provi ded above the transfer path of the substrate. Wth this
configuration, the thickness 5 of the resist filmcan be neasured in
t he course of the transfer of the.suhgtrate by the transfer

mechani sm . According to a fourth aspect of the present

i nvention, there is provided a filmthickness eval uati on net hod
conprising the steps of storing data 10 on the variation of the

t hi ckness of a clehstitate, leadingirhel ian danpreyiesent |in ftherddhxanghput.
substrate with el apsed tinme, measuring the thickness of the
chenical ly anphAn finstyerent for meayyed o Fhedhiganest of dhe

correcting the value of the neasured filmthickness _on t he basjs of

15
the stored data. resist film may, hehegqvidadabayvss The Ananaiar RathheL t he
val ue. of the thickness of the chem cally anpl.fied.resist
filmformed on t HM® FtEates @H?Qbéﬁ@f(ﬁ?qéhgqég%¥9n' he ‘thjckngss o, -

the variation of the .thickness of, the resist 20 L fiJymw th fhe gl ed
tine. Thi® makeLk tt}b%sﬁ?sfﬂ'%t t%\.lm can %eglnhesaﬁ%e%clcnurtgfee\%oqr e Et eeS

| _ ( vatie o
i chness: . rnnioh U6, e Wl dte SPRIRE Lidscor, mpchantem, |1 (e
L7l ckness CoTABGbEinG o o AR dRke, e NG kg var L on
With the invention, there is provided a film thickness
evaluation method comprising the steps of storing data
10 on the variation of the thickness of a chemically
amplified resist film formed on a substrate with
elapsed time, measuring the thickness of the chemically
amplified resist film formed on the substrate, and
correcting the value of the measured £film thickness on
15 the basis of the stored data. .

In the film thickness evaluation method, the value
of the thickness of the chemically amplified resist
film formed on the substrate is corrected on the basis
of data on the variation of the thickness of the resist

20 film with the elapsed time. This makes it péssible to
grasp an accurate value of the film thickness,
regardless of the elapsed time.

In the film thickness evaluation method, it is
determined whether or not the film thickness corrected

25 on the basis of data on the variation of the chemically

amplified resist film formed on the substrate with the

elapsed time is outside a permitted range previously



elépsedltine IS outside a permtted range previously

determ ned on the basis of data. If the corrected film t hi ckness is

outside the permtted range, an alarmw || be given. Thi s enabl es

t he operator to know t he occurrence of an abnormality in the forned

resist film 5 accurately and quickly 11 - In the film

t hi ckness eval uati on nmet hod, the- t hi ckness of the chemcally
canplified resist film formed on the resist filmis first measured.

On the SIS th al f the il mthicknes dat 10
used for correct Jéﬁﬁg éﬁﬁﬂ O¥ﬁ%§ &f fhe correcgggsgbi@
grasp an accur at value of the fil th| es reg rdI 0 e
el apsed tine. thitknest & cé@Fﬁ#ﬁf F? gpg%ngﬂ ? éggge%%iq

i nvention, there OVI dedqhaispn%\ca%ﬁ%lsngh%o%% ?Iatt%r 1__% ]Jm]owCQﬁE“ si ng

means for form n(f))

substrate, means fc%ruﬁzté?{déq%ﬁjaa%fi agﬂlr Eg:mal.l.tfy llr?le t‘ﬁ%r f?fg%’&t bslie hhpkness

of the chemcally Sl st m f or substrate
Wi th el apgsediAd ER el i¥kIgeasuring the thickness of the 20
5
chemcally anmplified re5|g Tl %flormg on the substrate, and neans

for correcting the valpg @Aetbﬂm thickndBRreVAhdtildn ntitHogEsHen the
basis of the stored data, wherein these nmeans are |ntegrated into a

single StuHidkiéss oD the chemiddidiy ianipdli fAkjde Gles igtd fadwant ages of
the invention Wi ll be set forth in the description which follows,
and formed on the resist film is first measured. On the
basis of the value of the measured film thickness, data
10 used for correction is compensated for. This makes it
possible to grasp an accurate value of the film
thickness, regardless of the elapsed time.
According to a fifth aspect of the present
invention, there is provided a processing appa;atus
15. comprising means for forming a chemically amplified
resist film on a suhstrate, means for storing data on
the variation of the thickness of the chemically |
amplified resist film formed on the substrate with
elapsed time, means for measuring the thickness of the
20 chemically amplified resist film formed on the
substrate, and means for correcting the value of the
measured film thickness on the basis of the stored
data, wherein these means are integrated into a single
structure.
25 Additional objects and advantages of the invention

will be set forth in the description which follows, and -

in part will be obvious from the description, or may



infpartimﬁll be obvious fromthe description, or may

- 12 - be | earned by practice of the invention. The objects

and advantages of the invention nay be realized and obtai ned by
means of the instrunmentalities and conbi nati ons particularly pointed
out in the appended 5 clains. - 1BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which
are incorporated : in and constitute a part of the specification

i1l us- trate presently preferred enbodi nents of the invention, 10
and toget her wit lbe Heayrest Ay qgeesrtiise @f dgiheerdmntentsion. The ghieats
detail ed description of the preferred enbodi - ments given bel ow,
serve to expl ai n anse gshvantigdess off the inventjon mashiherealized FI G
1 is a perspective view of a 15 coat i ng/ devel opnent system accordi ng
to an enbodi nent and obtaigied hy meansm©f mhingfrumentalities gids 2 s g
schematic representatjon of the | confi, ura&ion of a.esist c I ng
unit built in th&ombinations partigkamhphPainged oubpin the appendgd 3 g
a side view of a resjst filmthickness measuring unit according to
the enbodi Pent; claims. FIG 4 is a perspective view of the resist

075 15 a por socBEBE BRBURSPRAL beiER ShPRRADVRENERRSHTE brammas o

unit according to anotﬁﬁg accompanying drawings, which are incorporated
in and constitute a part of the specificatipn; illus-
trate presently preferred embodiments of the invention,

10 and together with the general descfiption given above
and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of
the invention.

FIG. 1 is a perspective view of a |

15. coating/development system according to an embodiment
of the present invention;

FIG. 2 is a schematic representation of the
configuration of a resist coating unit built in the
coating system of FIG. 1;

20 FIG. 3 is a side view of a resist film thickness
measuring unit according to the embodiment;

FIG. 4 is a perspective view of the resist film
thickness measuring unit according to fhe embodiment;

FIG. 5 is a perspective view of the resist film

25 thickness measuring unit according to another

embodiment of the present invention;

FIG. 6 is a sectional view of a resist film



enbodi nent of the present invention; FIG 6 is a sectional
view of a resist film - 13 -
formed on a wafer using the coating/devel opnent system of FIG 1,
FIG 7 is a sectional viewof a resist film .formed on a wafer using
t he coati ng/ devel opnent system 5 of FIG31;- FIG 8is a
sectional view of a resist film fornmed on a wafer using the

coat i ng/ devel opnent system of FIG 1; FIG 9is a
sectional view of a resist film 10 formed on a wafer using the

coat i ng/ devel opnefitregdiama wafer usging ghel.coating/develognent 15ystem
pl an view of the entire coati ng/ devel opnent systemincluding a
resi st coating of FIGsykt em according to the present invention; 15

FIG 11 is a front view of the coating/devel opnent . sys;en1inc|uding
a resist coating systf@cchrif iy geFtional view of RckesifyehiiBn;

FIG 12 is a rear_.view, of the copating/ devel opnent, system i ncl udi ng
a resist coating fs‘i@'feeqn%&r"ﬁﬁ%grt %hH the ctq?gngﬂ%/s%?‘l‘fe]r?é‘é?ﬁ‘? di¥stem =

FIG 13 issa sectépr}a]!Gvi w, partly schematic, of a resist coating
unit (COT); : G 14 is a plan view of the resist coating unit;

FI G 15A schemati call ypfﬁg}/\%n%%eacg&éé%ﬁﬁ ix?fev?fof 2§ resi&:'fﬂﬁt h.i ckness

measuring unit used ini tTng a
formed on a wafer using the coating/development system

of FIG. 1;

FIG. 9 is a sectional view of a reéist film

10 formed on a wafer using the coating/development system
of FIG. 1;

FIG. 10 is a plan view of the entire
coating/development system including a resist coating
system according to the present invention;

15. FIG. 11 is a front view of the coating/development
system including a resist coating system aécording to
the present invention; |

FIG. 12 is a rear view of the coating/developﬁent
system including a resist coating system according to

20 the present invention; |

FIG. 13 is a sectional view, partly schematic, of
a resist coating unit (COT); |

FIG. 14 is a plan view of the resist coating unit;

FIG. 15A schematically shows the configuration of

25 a film thickness measuring unit used in implementing a
resist film evaluation method according to the.present

invention;



resist filmeval uation nethod according to the present I nvention
- 14 - FIG 15B shows information stored in RAM shown in
FI G 15A _ FIG 16 is an enlarged view of a cross section of
a wafer Wcoated with resist; 5 FIG 17 is a flowhart of the
procedure for effecting the filmthygkness eval uati on nethod of the
present invention; _ FIG 18 shows curves for the relationship
bet ween : the values of filmthicknesses and the el apsed tines; 10
and - FIG 19 shows curves for the relationship between
the values of film thirIGedSss shodst hafelrmpsédnt sroged in RAM shown in
DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIG 1 shows a
coatlng/developnﬁﬁG-sﬂ§ﬂen11 15 provided with various processing units
whi ch separately performthe follow ng processes: the process of
cleaning a wafer W a¥IMuhddi ds proeadargsd. ViLRPr 8 AgCToss sectijor Bfation
of resist, the process of applying a . resi st solution, heating
pLoces?es fol | owPn¥afieas¥ cogted withcxesdsticooling processes for cooling
the wafer Wto a specifict erature after the heati rocesses,
and 5 a devel opiFt§ pridcdss aarfggg’chQE i R§ ﬁ&‘&cé@?c i T
exposure. .The coat.ng/ devel opnent system 1 inchkude 25
tabl e section 2 &#f\ﬁrﬁtc"ﬁlgcg’?etélgg‘ %géangf'FaﬁﬁgguFElon meq:lh%% %fat_"h%
present invention;
FIG. 18 shows curves for the relationship between
the values of film thicknesses and the elapsed times;
10 and
FIG. 19 shows curves for the relationship between
the values of film thicknesses and the elapsed times.
DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 shows a coating/development'system 1
15 provided with various processing units which séparately
perform the following processes: the process of
cleaning a wafer W, an adhesion process for. improving
the fixation of resist, the process of applying'a
resist solution, heating processes following these
20 processes, cooling processes for cooling the wafer W to
a specific temperature after the heating processes, and
a de#eloping process and a heating process after
exposure.
The coating/development system 1 includes a

25 table section 2 on which cassettes C are arranged in
line and a transfer mechanism 4. Each of the cassettes

C is a container for housing wafers W. The transfer



lirne ahd a transfer nechanism 4. Each of the cassettes Cis a
contai ner for housing wafers W The transfer

- 15 - mechani sm 4 takes a wafer Wout of the cassette-C on

the table section 2 and conveys it to a transfer arm 3 .acting as a
transfer unit. The transfer mechanism4 [s 15 . designed to nove freely
on a transfer path 5 provided 5 in the direction in which the
cassettes C are arranged in line. The various processing units that
perform specific processes on the wafer Ware arranged on both

si des of transfemephiindsm andakesvar walierhWt aott pfinthercassette Grog 3 and
6 nove respectively. A substrate table 10 section 9 is provided

bet ween the transher tphile Begtdon 2 and cepaMeyeripath 8. transfer arm 3 The
coati ng/ devel opnment system 1 further includes a brushing unjt, 10
for brushing theawdfimg aswai teansfer undigeni Bhet hEangfer DeEBapielnd (12
surface of the wafer W 15 taken qut of the cassette C _a wat

cleaning unit 11ldesigned ftor moys &xerdy CRe2wkFaps FOPHFBh§pPEg¥g&%djet
P i B of SBREE olbelIEE! 90 OEACRORhR0 kLI B oL PRRYARGSc ,
o, eSO, O 00%S 1 0L g Volokd BaekBestlh pmg RoFpSRbbRROLYC, 1ol
(ne, 391L20e 91 Boeciai agibebl 5] Kol ek B 553, keshi gm0
the exposed mafe%fﬁ%é“%%E%f&ﬂ@%éyﬂﬁglhs 7 and 8 over which two transfer
arms 3 and 6 move respectively. A substrate table
10 section 9 is provided between the transfer path 7 and
transfer path 8.
The coating/development system 1 further includes
a bruéhing unit 10 for brushing the wafer W while
turning the wafer W to clean the surface of the wafer W
15: taken out of the cassette C, a water cleaning unit 11
for subjecting the wafer W to high-pressure jet spray
cleaning, an adﬁesion processing unit 12 for improving
the fixation of resist by subjecting the surface of the
wafer W to an adhesion-process; cooling units 13 and 16
20 for 6ooling the wafer W to specifié temperatures, a
resist coating unit 14 for coating the surface of the
turning wafer W with-a resist solution, heating
units 15 and 19 for heating the resist-solution-coated '
wafer'w or the exposed wafer W, and a developing
25 unit 17 for developing the exposed wafer W by supﬁlying
a developing solution to the wafer’s surface, while

turning the wafer W. On the top of the heating



25 ‘unit 17 for devel opi ng the exposed wafer Wby supplying a

devel oping solution to the wafer's surface, while turning the
wafer W On the top of the heating _ : . -
16 - unit 15, a filmthickness nmeasuring instrunent 18 is

provi ded. The processes carried out by thesqg - processing units are
put together to sone extent. Integrating the processing units into
suitable 5 processi ng unit groups hel ps reduce the installation

space and increase the processing efficiency. Two transfer arns 3
and 6 are used tanlitadSané Fillpathilckness meagadmgyinatorument rldmishe
processing units. The’ processing units and rel ated conponent parts
are 10 pr ovpdew igiedhi n Thee prioggss@s carried out byhdhesg st coating
unit 14 is housed in the .. casing l1l4a and has constructed as shown in
FIG 2. procesisdang pnitssgire EMickogether Q Ae eieidter W

hori zontal | y by vacuum adhesion is provided in.a cup 21 15 for housing

the waver W Thén&garatine the procesging units into §uitable §rjying unit
rzgt atS Fggaﬁgsgeggbggﬁg%té%{g unit %&%V:@%%wwg%%ﬁ%&&?n |
o2 C the cEpese BPhiTrEARE HE B OO AT B o
B e di Schar ged { RnREs T Gui Sansh € e uet g Foad o ARG UHET, |
pipe 25 on the bWatf.%rP % into and tﬂ%rr?%eszrocessing units. The

processing units and related component parts are

10 provided within a casing 20.

The resist coating unit 14 is housed in the

casing 1l4a and has constructed as shown in FIG. 2.
Specifically, a spin chuck 22 for holding the wafer W
horizontally by vacuum adhesion is provided in a cup 21

15- for housing the waver W. The spin chuck 22 is rotated
freely by a driving unit 23, such as a pulse motor,
provided below the cup 21. Its rotational 'speed can be
controlled by a control unit 24. An atmosphere in the
cup 21 is exhausted from the center of the bottom of

20 the cup 21 by an exhausting unit (not shown),;such as a.
pump, provided outside the system. A resist solution
and solvent are discharged to a drain tank 26 below
the cup 21 through a drain pipe 25 on the bottom of
the cﬁp 21.

25 The resist solution is supplied to the wafer W
from a resist nozzle N, The nozzle N is held in a

nozzle holder 31. The resist solution is supplied to



25" ’ The resist solution is supplied to the wafer W froma
resi st nozzle N. The nozzle Nis held in a © nozzl e holder 31. The
resist solution is supplied to : - 17 -
the resist nozzle N froma resist solution supply . source R, such as
a resist solution tank | ocated . outsige, through a resist solution
feed tube 41. The resist solution feed tube 41 has a filter 42
inserted 5 in the mddle to renove inpurities, including

particles. The supplying of the resist solution is effected by a
feed machi ne 43, thechresdisi belzlzdesNpfimpm a resisthisoRutdepl sappdyconst ant
anount of resist solution. The nozzl e hol der 31 has an

out goi ng path 358oax¢e Ry suchgaseturaspathseivtpenhtpals dgcalsds for
circulating tenperature adjusth% fluid, The resist solution
flowing in the reytsideg khrengheddregdstssolytiept fged tube 415 cghet ant
t enperature and the supplied resist sol ut s al ways. at

specific tenperafﬁﬁésﬁyﬁﬁlﬂGéPQt#ﬁ&dtﬁébeagg hasténﬁéh r a&P&?F%ﬁG fluid
caernal 1yguppl el Yt e co, ranoVo TapR R Res kgl L P
supery source TSl SHheolhebiiing 36U KRS, copprion 7)o
Lube 45, The DORALIEy B roen paclil 13, UHEA0H BB 2nd
Petus'St a speliiich BrpbIIERP o Bonitaht anbufl! B¢ TAIHE" Solatidn!o
The nozzle holder 31 has an outgoing path 35a and
10. a return path 35b both having tubes for circulating
temperature adjusting fluid. The resist solution
flowiﬁg in the resist solution feed tube 41 is kept at
a constant temperature and the supplied resist solution
is always at a specific temperature by circulating the
15  temperature adjusting fluid extérnally supplied via the
outgoing path 35a to the return path 35b.
On the other hand; the solvent from thg solvent
supply source T, such as a solvent tank, is sﬁpplied to
a solvent nozzle S by a feed machine 44, suéh_as a
20 pump, through a solvent tube 45. The nozzle holder 31
further has an outgoing path 36a and a return path 36b
composed of tubes for circulating temperature adjusting
fluid to keep the solvent flowing through the solvent

tube 45 at a specific temperature.

25 The nozzle holder 31 holding the resist solution
nozzle N and the solvent nozzle S in a pair is moved by -

a scanning arm 37a of a scanning mechanism .37 to a



25 ) The nozzl e holder 31 holding the resist solution nozzl e
N and the solvent nozzle - Sin a pair is noved by a scanning arm 37a
of a scanning nechanism 37 to a R - 18
- specific position on the wafer W The scanning arm 37a S
designed to nmake three di nensi onal .novenent g,g t hat I's, to be novable
in the X Y, and Z directions. At the top of the inside of the
casing 14a forming 5 the outer wall of the resist coating unit 14, a
chanber ' 51 is formed.. The air whose tenperature and humdity

have been adj ust éperifia aasdtbian @rhdhaliwafernWst iThe scanningraxms53’a s
supplied to the chanber 51 via a high- . performance filter 54. The

t enper at ur e/ huni di&t ydesigned tgymakd Aduaq digensionmt mpyRenis + Hehatont r ol
unit 24. A cleaned down-flow air is supplied froman, outlet 55

of the chanber 58§mtk (R MAyable imdha Fosphednd f directigng. resj st

couting un {141 ertprsted OB nain AE S B Rl A EBSALSLY
Lot 1S U D 0 PR I cdsno a1 8 S5k
o e o oo BB, mhg 408 GRS B i 1,
the 0" Mo e S Adlartl o (£ Sinea i ARbIGLLY Padiiia £y O

e, oo Y A el o 0N b 51 via SRR it 15
performance filter 54. The temperature/humidity

10 adjusting unit 52 is controlled by the control unit 24.
A cleaned down-flow air is supplied from an outlet 55
of the chamber 51 into the cup 21. The atmosphere in
the resist coating unit 14 is exhausted through a

- vent 56 provided separately.

15. The-cooling unit 13, adhesion processing unit 12,
and heating unit 15 are laid one on top of another in
that order as shown in FIGS. 3 and 4. Speéifically, at
the bottom, the cooling unit 13 for cooling.the wafer
to a specific temperature is provided. On the cooling

20 unit 13, the adhesion processing unit 12 for improving
the fixation of resist by subjecting the surface of the
wafer W to the adhesion process is provided. On the
adhesion processing unit 12, there is provided the
heating unit 15 for heating the wafer W coated with the

25 resist solution at the resist coating unit 14 and

hardening the coated resist solution.

The load/unload slots 12a, 13a, and 15a for



25 resist solution at the resist coating unit 14 and har deni ng
the coated resist solution. The | oad/unl oad slots 12a, 13a,
and 15a for - - 19 - - wafers W
of the adhesion processing unit 12, cooling unit 13, and heating
unit 15 are located at the front ] af tihye respective processing units,
that is, on the side of the transfer path 7. The transfer arm3 is
5 provided in the position facing the | oad/unload . slots 12a,
13a, and 15a. The transfer arm3 is provided with three tweezers
3a, 3b, and 3c arwWafrpesi W of the aghesign progessdnthrguit ishz eraoldag 3b,
and 3c hold .the wafers Wdirectly and slide along the board 3d, or
10 in the di rgett okd ofand hegfeinpamitads anearakpdmt the frontown
freely, or in the direction of Z by an elevator, : post 60 supporting
the transfer arm@E i FeFpRfklyqProcessingmdits mhaty iy e theezer s
‘3a, 3b, and 3c of_fhe transfer arm3 to _be | oaded and un| caded
freely into 15 s“‘_cp%rfﬂf 5 R RH rocdhg rﬁ?ﬂﬁéjerlff‘,mbgollisng

unit 13, and heatjng unit 15. .The transfer.arm 3 .can rojate freely
in the di r}gt i on éﬁ%’ﬁ?‘% B g‘%ﬁqsa%fleon facing atﬁ}‘?/i]ﬁba - m

As shown in FIGS. t fi thickness asur4d ng i nstrument
sihffnfe, T, '4d IR0 CnseelERR H 1E | 10

18 is provided above un1oa _ _ Héating uni t
the film thi é\ﬂngi’éf&n‘g%%%‘?{‘?%ﬁ? @%ﬁﬁé%&#\#@d’gé@gréﬁ 3d Raflanged o,
emts a |light beamof;dafiy! abhGadd GG Yeweezers 3a, 3b, and 3c hold
the wafers W.directly and slide along the board 3d, or
10 in the direction of X. The board 3d is moved up and
down freely, or in the direction of Z, by an elevator
post 60 supporting the transfer arm 3. This allows the
wafers W heid by the tweezers 3a, 3b, and 3c of the
transfer arm 3 to be loaded and unloaded freely into
15- and from the adhesion processing unit 13, cooling
unit 13, and heating unit 15. The transfer arm 3 can
rotate freely in the direction of € by a suitable
driving mechanism. |
As shown in FIGS. 3 and 4, the film thickness
20 measuring instrument 18 is provided above the:
load/unload slot 15a of the heating unit 15.
An optical sensor head 18a is provided at the tip of
the film thickness measuring instrument 18. The sensor
head 18a emits a light beam of a suitable frequency
25 - downward, or toward the surface of the wafer W.
The emitted light beam strike the surface of the

wafer W and produce the reflected light. On the basis



25 ‘downward, or toward the surface of the wafer W The emtted

| i ght beam stri ke the surface of the waf er Wand produce the
reflected light. On the basis : - 20 -
of the reflected light, the thickness of the resist . fllnrforned on
the wafer is nmeasured. The neasurenent - 20data is sent to the contro
unit 24 and used to correct the resist filmformng conditions. This
enable the 5 t hi ckness of the resist filmto be adjusted by

adj usting the rotational speed of the wafer according to the

measur ement dat a.oBpebefrefilegtednbightisutbaehhickness ofiathej sepaptitted to
the control unit 24, The control unit 24 determines the rotational
speed of the waf efibp fogmed orlh‘éhaavgaéeﬁf thEeﬁﬁ&§Gfied FTheneasukaBSBtand
t he desired filmthickness, and send data g det er m ned
rotational speed %t?hésdﬁFUFnﬁonEEﬂaﬁP§ﬁF?g u?HEn usedntoqrpyragt

mechani sm 23 turns t he mafg cord
t

dat a. dThls cguses CheeTPRLP ] °rm889uF98ﬂl§gﬁﬂfleg&ggg£%§g§gﬁzgﬁ§g

oroducing & | tRigkuees of'FhkIHESASHELITRGE BenddutR by ot el

gagdggg??ng/devel % ﬂ g d Pk tQ g ok as
g@i@%&%ﬁé Eﬁggvoggggé a1 s%geghof the gfwggg LBEREn feo

t he configuration € system ran

robot (not shomm)tglgﬁ§ -measuremefit ﬁEEher 5. Q?E? Bglagsuﬁﬁkrﬁgﬁsﬁ %nentVV

measuring the cKness O e I'ESIS

ST o the e 42’ BERHEERR 55, FETROEEN, Gphes e iecoliron
unit 24 determines the rotational speed of the wafer on

10 the basis of the measured film thickness and the
desired film thickness and sends data on the determined
rotational speed to the driving mechanism 23. Then,
the driving mechanism 23 turns the wafer according to
the rotational speed data. This causes the resist

15 solution éupplied to the wafer to spread according to
the rotational speed of the wafer, thereby producing a
resist film with a desired thickness on the wafer.

The coating/development system'l according to.
the embodiment has the configuration described above.

20 In the system, when a transfer robot (not shown) places
a carrier C housing a substrate for measuring the
thickness of the resist film, i.e., a dummy wafer W on
the table 2, the transfer mechanism 4 takes thelwafer W
out of the carrier C and hands it over to the transfer

25 arm 3. The transfer arm 3 conveys the wafer W to the

brushing unit 10 and water cleaning unit 11 and loads

it into these units. The brushing unit 10 brushes the



25 ‘arm 3. The transfer arm 3 conveys the wafer Wto the

brushing unit 10 and water cleaning unit 11 and | oads - it into these
units. The brushing unit 10 brushes the _ _

- 21 - waf er and the water cleaning unit. 11 cleans the wafer W
with water. Thereafter, the transfer arm 3 jpkes out t he waver W
conveys it to the adhesion processing unit 12, and loads it into the
unit 12. The adhesion 5 processing unit 12 subjects the surface of the
waf er W to the adhesion process. Then, the transfer arm3

| oads the wafer waferoanfietheovater unleandngwanih ddotdeans theivafemi¥ér w
to a specific tenperature. Thereafter, the transfer arm 3 carries
the wafer Wto twWéthewater.10Thereabber ngthei transfani akmagpkakesaoutsi st
solution to the waf er Wwhile gurning the wafer W After the resist
‘coating process, thaewaverstercanyers uht ob@sthpecadhpaion processipgm t he
resist coating unit 14 and transports i [ nit 15. The

|t to .. the heatin
heating unit 15 Y0bfel?s fRd laads ifimFovihs %néﬁeégfic¢h§agpﬁ§sb989ess;
i ch mkeg (he o oconpahdupiie b buB3eDER ERe HEERRY, bELThASuBehES.
LS et HAMGETER BFpURh oohRRRT) HBB, RERRR: 0k 3P, A (e
T oo Vs, B, BEFRECH"ERES LA, coohing KIE, 49, oafgphbodfa. ot
position where the wafer W to a specific temperature. Thereafter, the
transfer arm 3 carries the wafer W to the resist
10 coating unit 14, which applies a resist solution to the
wafer W while turning the wafer W. After the resist
coating process, the transfer arm 3 unloads the wafer W
from the resist coating unit 14 and transports it to
the heating unit 15. The heating unit 15 subjects the
15 wafer W to a specific heating process, which makes the
resist solution harden, thereby forming a resist film
on the wafer W.
After the heating process, the transfer arm 3
unloads the wafer W from the heating unit 15. At the
20 same time that the wafer W is unloaded, the film
thickness measuring instrument 18 provided above the
load/unload slot 15a of the heating unit 15 measures
the thickness of the resist film. The position where -
the thickness of the resist film is to be measured can
25 be set arbitrarily as long as the position is on the X

axis when the wafer W is unloaded from the heating

unit 15. The number of measurement positions is not



the thi'ckness of the resist filmis to be neasured can 25 be set
arbitrarily as long as the position is on the X axi s when the wafer
Wis unl oaded fromthe heating unit 15. The nunber of neasurenent
positions is not _ - 22 -

limted in the present invention. In the_engedi nent, t he nunber of
measur ement positions is assuned to be five. If the nmeasuring

di stance, or the distance between the filmthickness instrunent 18
and the wafer 5 Wis set at the distance between the instrunent 18 and
t he surface of tRdmidfest LW dthet lpresiemt dnventieonvaf din Whe embodimenin) oaded
fromthe | oad/unl oad slot 15a of the heating unit 15, this wll
‘make it unnecessdhge framhbere of measurnemendt @osdrthons dsmasumed Ho dig ect i on
of Z during the 10 neasur enent of the f|In1th|ckness sinmplifying the
measuring procesEiviiven Itﬂwé:hﬁamlﬂfg-fkﬁ éitléﬁ@é‘q,eanrﬂﬁ e 'distanceydj ust ed
on the surface of the unl gaded wafer W transfer arn13efulls

t he heated wafer hﬁw cﬁ}'@n ‘Ilylm tthkneG’@t qu%“%t¥%€%lqhﬁév 5R% he -
direction of X and r lses t he wafer t he dlrectlo f Z
ot et 8 A s Gttt K Biatanas e rEnE m?leaoand

. Then, th k f I I
Che transior ar miE AGRPS IRF s pater W oF, che, ww & s W
20 Wth .th / I t { t h
e_nbodi ment , the i e‘IZﬂeZ%d o‘? o E%n;%#%%l%@& salcoc‘s_g;n %%frreta}%eured othe
Wi Lhout convey! NG dies il & 15, this SIS Held'S € BARLRIE) PP Ene

system 1. Furt her
transfer arm 3 to move in the direction of Z during the

10 measurement of the film thickness, simplifying the
measuring process. When the measuring distance cannot
be adjusted on the surface of the unloaded wafer W, the
transfer arm 3 pulls the heated wafer W sufficiently
out of the heating unit 15 in the direction of X and

15. then raises the wafer in the direction of 2 until it
has entered the film thickness measuring distance
range. Then, the thickness of the resist film is
measured, while the transfer arm is moving the wafer
again in the direction of X.

20 With the coating/development system 1 ac?ording

" to the embodiment, the thickness of the resist film
can be measured-withbut conveying the wafer W
outside the coating/development system 1. Furthermore,
it is not ﬁecessary to stop the coating/development

25 system 1 for the measurement of the film thickness.
As a result, the throughput is improved. Because the

thickness of the resist film is measured inside the



it"is not necessary to stop the coating/devel opnent 25 system 1l for
t he nmeasurenent of the filmthickness. As a result, the throughput
is inproved. Because the t hi ckness of the resist filmis .neasured
i nsi de the : .23 -
coati ng/ devel opnent system the environnent zgwlde t he systemis
kept constant, which makes it possible to usé the results of
measuring the thickness of the resist film facilitating the
adjustnent of the resist film 5 form ng conditions.
Because the thi clomwstsing/dénvelammenit faysudny e environment hinsbderthd i s
nmeasured while the transfer arm3 - Is holding the wafer in place,
this elimnmnates ssystem is pkept cednstapaceriinh mekewmft MWshibley theaise
measurenent 10 of the filmthickness. This makes it possible to add
the film thicknesthereeasnlvg of ceeasuningidihe ithirdngsy of the resistbveral |
size of the coatin /developnent system 1. In_addition, it _is not
necessary to add BiYpecfagilitating the Fdiugimans oF kherzesist i ke
thlckness f the resist,filmon the wafer W Furthernore, because
gbnvemﬁ?ﬁﬂ&“Q|??ﬁ@+ﬁ%ﬁﬁﬁss neasurlng |nstrunent : | ocat ed

outS|de t he coati ng/ deyel opnent. syst e nece y this hel ps
decrease the fl oor spaﬁﬁcﬁ s?hEhe thlgﬁn%?%d%ﬁr ?nreﬁbst f°¥WF$h

nbodi ment, the filmihi ckpe st t. 18 ded
above the | oad/ urfiBathS| $119% "fsa Beagifrad omida ﬂgeﬁf‘r’ﬁ"qe”a%ela g e

thickness of the {9§iqing the ddtdh! i BARM 4l 'd¥EnPOSLIL of T 1ine

particular space for the wafer W during the measurement

10 of the film thickness. This makes it possible to add
the film thickness measuring process withoutlincreasing
the overall size of the coating/development system 1.
In addition, it is not necessary to add a special
transfer process for measuring the thickness of the

15- resist film on the wafer W.. Furthermore, because a
conventional film thickness measuring inst;ument
located outside the coating/development system 1 is

| unnecessary, this helps decrease the floor space of the

clean room. |

20 In the embodiment, the film thickness measuring
instrument 18 is provided above the load/unload slot 15
of the heating unit 15 and the thickness of the resist .
film is measured at five positions in line in the X
direction of X in which the wafer is unloaded from the

25 heating unit 15. In this type of measurement, the
thickness of the resist film on the wafer W is

generally measured at about 25 positions or points.



di'rection of X in which the wafer is unloaded fromthe 25 heati ng unit

15. . In this type of neasurenent, the t hi ckness of the resist film
on the wafer Wis general ly neasured at about 25 positions or

poi nt s. _ - 24 - "~ As shown in
FIG 5, five filmthickness neasuring i nstruments 18 may be provided
si de by side above the | oad/ unl oad sf8t Ts5a of the heating unit 15.
Wth this arrangenent, the filmthicknesses at 5 X5 =25 5
positions can be neasured by just carrying out the sanme measuring

process as descthegn?RHV?B MRESOXET five £ilnm! ¥hAbRAkRE mbausfiag arm in
the direction of [err| enabl es the thickness of the resist filmto

be neasured at MPhgtyumentsPh8CR3y BeOprdvided BRHe Bt aiilded abevel thef
measuring 10 the filmthickness. The thickness of the

resist filmon thgaWgzhalo¥d slot 158Bpfbeéhechsaténgalndt e codithnghis
process at the : cooling unit 13 follow ng the heating process,

i nst ead gt rahgemenits kaat fddmptbdekneaseshathdatXnf anks 15. 15
After the heating process, the wafer Wsubjected to the cool i ng
process i ssunl oaged iltyonise canabef measured byorjust carryimg cvdl ithg same 13.
At that time, the thickness of the resist filmmay be neasured by
the filmthicknemgasuring presessi ag idesonibed ab@ver.oviMpT@oysFwe t he

| oad/ unl oad 20 slot 15a of the heating unit 15 at the sang tipe that
the wafer Wis uturadeg ther thrensfes, amme iy the direction a4 cdenaRassring

I nstrunent 18 may be provi ded . above
the thickness of the resist film to be measured at more

places, providing a more detailed result of.méasuring
10  the film thickness.

The thickness of the resist film on the wafer W
may be measured after the cooling process at the
cooling unit 13 following the heating process, inétead
of after the heating process at the heating unit 15.

15. After the heating process, the wafer W subjected to the
cooling process is unloaded by the transfer arm 3 from
the cooling unit 13. At that time, the thiékness of
the resisﬁ film may be measured by the film thickness
measuring instrument 18 provided above the load/unload

20 slot 15a of the heating unit 15 at the same time that
the wafer W is unloaded. Furthermore, the film
thickness measuring instrument 18 may be provided above
the transfer path 7 aﬁd transfer path 8 (not shown) and
th% thicknesé of the resist film may be measured while

25 the transfer arm 3 is conveying the wafer W.

After the thickness of the resist film has been

measured, the transfer arm 3 loads the wafer W again



thé transfer path 7 and transfer path 8 (not shown) and t he

t hi ckness of the resist filmnmay be neasured while 25 the transfer arm
3 is conveying the wafer W After the thickness of the resist
filmhas been neasured, the transfer arm 3 lLoads the wafer Wagain
- 25 - into the resist coating unit,i4, which supplies a

sol vent froma solvent nozzle S to the wafef Vthlle turning the

waf er, thereby renoving the resist film The resist-fil mrenoved
wafer Wmay be returned by the 5 transfer mechanism4 to the carrier C
and be stored into whid krelslistt koakings unfitt N4 nehiicte Sugplfiidsna s
nmeasured. This enables the filmthickness neasuring wafer Wto be
used nore than oscdyvent dromalkesoilivent nozzlen&céssdhe twaferepamhidenaf er
each time the thickness 10 of the resist filmis measured, leading to
cost - r eddstrindmg ftheashdifieron therebyorengviing rtde stesfiigtmfilm.

formed on the wafer' Wat the resist coating unit, it may be renoved
using a resist sfThepgiasdssoifidm-remoyed wafer Wesiayt b mgiwmngdibint theot
shown). 15 Wien the result of neasuring the thlckness of

the resist5fil m trangfeghapehamdsmn de tontheneagrrder C and heystoxrgdst fi|m

formed on the wafer Wis wthin the permtted range fromthe

| ar gest f|In1thléﬁﬁé§stWﬁh%hHGkness of the gt FASI[Y MAM ddhess tnin as

LIRS P N A E SR TR R SO

film70 has excee%.er'%FtE?% e%ged H@re than once, Wthh makes it
unnecessary to prepare a wafer each time the thickness

10 of the resist film is measured, leading to cost
reduction. In addition to removing the resist film
formed on the wafer W at the resist coating unit, it
may be removed using a resist stripping solvent at a
resist stripping unit (not shown).

15 When the result of measuring the thickness of
the resist film 70 has shown that the thickness of
the resist film formed on the wafer W is within the
permitted range from the largest film thickness tmax to
the smallest film thickness tmin as shown in fIG. 6,

20 the resist film forming conditions in the
coating/development system need not be adjustéd. When
the resist film 70 has exceeded the largest film
thickness tmax as shown in FIG. 7, or. when the resist
film 70 has dropped below the smallest film thickness

25 tmin as shown in FIG. 8, at least either the

temperature of the wafer immediately before the resist

solution is supplied or the temperature of the resist



t hi ckness tmax as shown in FIG -7, or when the resist film70 has
dropped bel ow the smallest filmthickness 25 tmn as shown in FIG 8,
at | east either the tenperature of the wafer inmmediately before the
resi st solution is supplied or the tenperature of the resist

- 26 - sol ution supplied fromthe pgsist solution nozzle Nis

adj usted by suitable neans at a later stage. This provi des the
conditions for formng a resist filmof a desired thickness. 5
On the other hand, when the resist film70 on the wafer Wis

t hi cker than thesoiption suppdfieidh€rom the resisit! tsed utdge natzzlleadedson
line L and'is thinner -than the lower limt of the permtted range
at ot her places, adjusted &y Isedtiabdiet neanshatnaniletesf stags.ut ivis of the
wafer 10 Wis changed during the application of resist solution

or the humdity pwxovidesedihet comatiitigngnifiori Foxdjinmg &d resist fiflg ofpeEove
the uniformty of the filmthickness. Thereafter, as the need

ari ses, at |east delgdred thicknesserature of the wafer inmediately before
the resist_ 15 solutign is applied or the tenperature of the resist
sol ution s8pplied frof® e akhar hangds sthepthe yesist film Jf) @t ed, as
when the filmthickness has exceeded the Iazgg t., fil mthickness

I

tmax or when t he %9 wWafigrcihdss thicker than &he,yop ith@fkd® est film
m o ™ i pemed Aty BYRcaRe R I ieiaTe s Chithed YR o
tenperature of tt{%emqfo%vrexi 1mdiitatoef X:h%efpoerr(lanitted range at other places,
at least either the number of revolutions of the wafer
10 W is changed during the application of resist solution
or the humidity in the resist coating unit is adjusted
to improve the uniformity of the film thickness.
Thereéfter, as the need arises, at least the
temperature of the wafer immédiately before the resist
15. solution is applied or the temperature of the resist
solution supplied from the resist solution nozzle is
édjusted, as when the film thickness has exceeded the
largest film thickness tmax or when the film thickness
has dropped below the sméllest film thickneés'tmin;
20 This provides the conditions for forming a resist film
with a good uniformity of the film_thickness.:

The temperature of the wafer immediately before
the resist solution is applied can be adjusted by the
cooling unit 13. The temperature of the resist

25 solution supplied from the resist solution nozzle N can
be controlled by the temperature adjusting fluid

'supplied to the nozzle holder 31. The number of



the resist solution is applied can be adjusted by the cooling unit
13. The tenperature of the resist 25 solution supplied fromthe resist
sol ution nozzle N can be controlled by the tenperature adjusting
fluid supplied to the nozzle holder 31. The nunber of -

- 27 - revol utions of the wafer _Wdyring the application of

the resist solution can be adjusted by t he riving mechani sm 23,
such as a pulse notor, controlled by the control unit 24. The
humidity in the resist 5 coating unit 14 can be adjusted by the

hum dity FEWRhiti®n#iof TheC waltfieal e dunyi nighetheo reppdl i aatitore o f

After the coating/devel opnent system 1 has been adj usted, the

t hi ckness of t he tiesirisifstd maliom can be adgasahest kggdibe tdrimitidy t he
contents of the 10 adjustnment. At that tine, the filmthickness
measur enent waf emedhami dre Akeductheasf ia pulisiec ey, controlked b¥nent
waf er Whas been used in the preceding neasur enent of the resist
film and stored ithd lmontrol unidaddet t Fhe hpmddidas et ¥asitle resi st
films 15 t hi ckness and the adjustment of the coating/ devel opnent
system on She basieatging mnitesid cas heeadiushad hpythr humidity (epeated

until the thickness of the resist filmand the uni f rn11¥ 5{ t he
fil'mthickness hadivsEdeanife 52 contrajdad Rpthe, fRRErobHni

While in the enbodinent, the substrate may be

anot her suitabl e substhfter the °°at¥Qﬁ}5§¥ﬁ¥ﬁﬁﬂfn$ts¥§§eﬂe_;ﬁafckéﬁ'ass

substrat e. . . . .
adjusted, the thickness of the resist film may be

measured again to verify the contents of the

10 adjustment. At that time, the film thickness.
measurement wafer W may be used. The film thickness
measurement wafer W has been used in the preceding
measurement of the resist film and stored in the
cassette C. The measurement of the resist film’s

15 thickness and the adjustment of the coating/development
system on the basis of the result of measurement may be
repeated until the thickness of the resist film and the
uniformity of the film thickness have reached the
permitted ranges.

20 While in the embodiment, the substrate has
been a wafer, it may be another suitable substrate.
For instance, it may be an LCD glass substrate.

With the method of processing resist according to

the embodiment, the thickness of the resist film can be

25 measured without conveying the substrate outside the

coating/development system. This eliminates the step

of conveying the substrate outside the resist



Wth the method of processing resist according to t he enbodi nent,
the thickness of the resist filmcan be 25 measured w t hout conveyi ng
the substrate outside the coati ng/ devel opment system This
elimnates the step of conveying the substrate outside the resist

- 28 - processing systemfor the asurenent of the resist
films thickness. Furthermore, it i's not netéssary to stop the
resi st processing systemfor the neasurenent of the filmthickness.
As a result, the throughput is 5 | nproved. Because the thickness of

the resist filmpgocessing"BgseefdfbrsiHe hBasteenehtPbECenei pesiyst em
this . makes it possible to directly use the results of

measuring the theghmnegs thfickhessesi Firthbimore, it figChnbitt abcegshlg to
adj ustnment of the resist filmformng 10 conditions. Because the

thi ckness of thestepi thef re@ist processingasysedmwiilre theemeasnstment
mechani smis hol ding the substrate in place, this elimnates a
particul ar spaceof the fiflw thiieksebstrafs duresglthe tineathromghpusf ishe
resi st films thickness. This nmakes it possible to add the 15
filmthi ckbiess mimpuoved.pr Becawsei theuthisgknessi n§ the resist filmr i
size of the resist processing system In addition, it is not
necessary to addmeaspsedainsidesthe resist pppeessdngosYSEL8ur ithdst he
thi ckness of the resist film | on the substrate. Furthernore, the
measur ement of tMakespit posgibilects irerslycusesihe rosdlts 8Lin the

resi st pr.ocessing system nmakes it unnecessagry tq.load a
measuring the thickness of the resi film,

facilitating the adjustment of the resist film forming
10 conditions. Because the thickness of the resist film
is measured while the transfer mechanism is holding the
substrate in place, this eliminates a particular space
for the substrate during the measurement of the resist
film’s thickness. This makes it possible to add the
15. film thickness measuring process without increasing the
overall size of the résist processing system. 1In
addition, it is not necessary to add a special transfer
process for measuring the thickness of the resist film
on the substrate. Furthermore, the measurement of the
20 thickness of the test substrate held in the resist
processing system makes it unnecessary to 1§ad a
measurement substrate into the resist processing system
each time the thickness of the resist film is measured.
This improves the operating efficiency of the resist
25 processing system. By washing out the resist film on
the test substrate whose film thickness has been

measured, the measurement substrate can be used more



measur énent substrate into the resist processing system ~each tine
the thickness of the resist filmis neasured. This inproves the-
operating efficiency of the resist 25 processi ng system By washing
out the resist filmon the test substrate whose filmthickness has
been measur ed, the neasurenent sybsﬁ%atg can be used hore

- 29 - t han once, which nakes it“Unnecessary to preépare
substrates each tine the thickness of the resist film i s measur ed,

| eadi ng to cost reduction. Furthernore, when a filmthickness
nmeasuring 5 th&s GHEBN whPEN TRARES | D8 hRRet858KRPSEo0prbpareesi st :
filmformed on the substrate is provided above the | oad/ unl oad sl ot
of the heating ughbstithtE&sebaBhneivs the thickhesseed theareshsenfidmal
filmthickness neasuring i nstrunment | ocated outside the

coati ng/ devel opnggtmedSured, sysading, tbetpshgredductasn.t he fl oor space of

t he cl ean room ' As anot her enbodi nent, a method of

eval uating a Fasitherfblce, f vhemndaofiidms thiicknesst oeagufrdng .
particularly a method of evaluating the thickness of a 15 resist film
made of ch®&ni cal ipstupinehtefiorempasuring the thickngsgcedsthg appaFLt us
using the nethod will be expl ai ned. The eval uati on_net hod and
processi ng filmpfermedsonr thappnbshtisptet sapravddgd pppee the

coati ng/ devel opnent system as descri bed above. In the 2Q .pr.esent

enbodi ment, expl dnad/vnlead| shetgpfehephgatdng unit, thﬂﬁaFlﬂRéﬁaﬁS§e been

applied to a vertical type ] . )
PP the nee%pof a conventional film thickness measuring

instrument located outside the coating/development
10 system 1, helping decrease the floor space of:the clean
TOOm. | _

As another embodiment, a method of evaluating a
resist film formed on a semiconductor wafer,
particularly a method of evaluating the thickness of a

15. resist film made of chemically amplified resist, and a
processing apparatus using the method will be
~explained. The evaluation method and processing
‘apparatus are applicable to a lateral type‘
coating/development system as described above. In fhe

20 present embodiment, explanation will be given, provided
that they have been applied to a vertical type
coating/devélopment system.

The vertical type coating/development system will
be described by reference to FIGS. 10 to 13.

25 The processing system comprises a cassette
station 110, a processing station 112, and an interface °

station 114. 1In the system, these component parts are



coat i ng/ devel opnent system ' The vertical type

coati ng/ devel opnent. system wi | | be described by reference to FIGS.
10 to 13. 25 The processing system conprises a cassette

station 110, a processing station 112, and an interface station
114. In the system these conponent parts ar _

- 30 - connected to each other t0 forman integral structure.
The cassette station 110 | oads and unl oads sem conductor wafers W
into and fromthe systemin units of 25 wafers housed in a wafer

cassette CR 5 connEtterb3aReidaensiodinedn tblFoans @rl dadtegrul Wirardure.
a sem conductor waver Winto or fromthe wafer cassette CR The

processi ng -st at | Mhel tAsswtid station 110 Vaadsusngh eaodssidsy units of the
sheeting type that perform specific processes on wafers Wone by
one in 10 t Isemdgamiduy tand wdeadsoil rAgitor aneks foom  thee gysdess dinng

units are provided'in specific positions in a mul ti stage manner.
The interface sedtnid® P4 2§ wefers houseshdiy ecslafer gassatden@iot or waf er
Wto and from an - exposure unit (not shown) adjacent to the
processi ng3 15 Thescassgtte station 110 also Jogds @gkamleadsation 110,
nore than one wafer . cassette C (e.qg., four cassettes) is placed in
aline. oﬁ-&%}%ﬂ%%@’é"&? & é-é'g'é’etotre from &he yaten ne
direction of X, with the wafer | oad/unload sl ot of, eac 20 . waf er
cassette facing GRESHTSRE ng e prorepping station WPIMRF48SE 10. A

wafer transfer n%%ryi%%slzpzroccaenssﬁvge units of the sheeting type that '

- perform specific processes on wafers W one by one in
10 the.coating and developing processes. The processing
units are provided in specific positions in a
multistage manner. The iﬁterface section 114 gives
and rgceives a semiconductor wafer W to and from an
exposure unit (not shown) adjacent to the processing
15. station 112.

In the cassette station 110, more than one wafer
cassette C (e.g., four cassettes) is placed in a line
on projections 120a on a cassette table 120 in the
direction of X, with the wafer load/unload slot of éeach

20 wafer cassette facing the processing station 112 as:
shown in FIG.10. A wafer transfer machine 122 can move
in the directian of cassette arrangement (i.e., in the
direction of X) and in the direction in which the
wafers are arranged within the wafer cassette CR (i.e.,

25 in thé direction of 2). The wafer transfer machine 122
selectively accesses one of the wafer cassettes CR.

The wafer transfer machine 122 is designed to rotate in



in the direction of cassette arrangenment (i.e., in the di rection of
X) and in the direction in which the : waf ers are arranged within the
waf er cassette CR (i.e., 25 in the direction of Z). The wafer
transfer machine 122 sel ectively accesses one of the wafer
cassettes CR The waf er transfer_nag?ing 122 is designed to rotate
in ) - - the direction of
[err]. The transfer machine is also capabl e of accessing an
alignnment unit (ALIM and an extension unit (EXT) belonging to the
mul ti stage unit the direetionnoff fa. t Thal tararwsefst nygachihegisualéd on t he

5 processing station 112's side, as explained later. The
processi ng statioapab2ehaf acoessingfen alagsiment unit (Alde)i aadlas of the
vertical transfer type inits center. Around the main wafer
transfer machi neextehsdbn unit (EXE} bedonginggtonthe mwdtdstaggesnit a
group or groups. 10 Each g[oup is made up of processing units arranged
in a mul 8estage AfinAeckhird processing| ynike g&pype M3oPn; fhe :
enbodi nent, five processing . unit grqups Gl, &, G3, A, and G5 are
arranged ih a  Procesgingi stafionaphdss Alfleysesapxpdadssd JedeEssing unit
15 groups Glmgnd (€% are,arranged I n ﬁ?e front of the . aysten1
(i.e., in the | ohBP PEPFeSFipgcEiation hZ has a main wafersitransfer group
&3 i s arranged adjacent t he cassette station 11Q. A fourth
processi ng unit machine éﬁéuBfGﬁh?svﬁEFlﬁaﬁa EAps Srtﬁgﬂenfé¥ﬂﬁfk section

the syetem Tebhte? °°523uRE 2h3"RatR waraL" 2RARL Ay WARNIARS Y11 of
the processing units are arranged in a group or groups.
10 Each group is made up of processing units arranged in a
multistage manner.
In the system of the embodiment, five procéssing
unit groups Gl1l, G2, G3; G4, and G5 are arranged in a
multiétage manner. A first and second processing unit
15' groups Gl and G2 are arranged in the front of the
system (i.e., in the lower part of FIG.10). A third
processing unit group G3 is arranged adjacént to
the cassette station 110. A fourth processing unit
group G4 is put adjacent to the interface section 114.
20 A fifth prdcessing_group G5 is arrénged at the back of
the system. |
As shown in FIG.11, in the first processing_
unit group Gl; two spinner-type processing units are
‘arranged one on top of the other. They perform
25 specific processes on the semiconductor wafer W on a

spin chuck in a cup CP. For example, they are a

photoresist coating unit (COT) and a developing unit



As shown in FIG 11, in the first processing unit group Gl, two

Spi nner-type processing units are arranged one on top of the other.
They perform 25 specific processes on the sem conductor wafer Won a
spin chuck in a cup CP. For exanple, they are a . phot oresi st coating
unit (COT) and a devel opi ng unit -

32
32 - (DEV) laid one on top of “the other in that order from
the bottom Simlarly, in the second processing machi ne group &, a
- photoresi st coating unit (COTI) and a developing unit (DEV) laid one
on top of the otiiPEVinladd onet bat topdef thenotherbint that brdes feemrabl e
that the photoresi st coating unit (COT) should be placed at the
| ower stage, sinthet botdiomchaSdgmidawoflyt, hénphbeosespstl processipgution is a
difficult problemin terns of structure and mai nt enance. The
phot or esi st coat laghdmeet gcooP) G21:0a phokayeséspl aeadiag PﬁétuﬁQQW)sPBQe
necessary. In the third processing unit group gen ty
processi ng uni t sdafevedrpisge usitt §PESD &ﬁé@h@ﬂe|ﬁn top of Eh&h? §F§gé§ as
shown in FIG. 12. These units perform peci gr ﬁess S onhthe
wafer WonSa tabtbatporder from-gheepotten. |ﬁttH§ FH?F g SCE &EnghEni t
group G3, a coolln un|t COL hes roces un|t AD) ,
an al i gnrment nacRPR§°6&§H% éﬂ ?Gﬁg }B &"plac Fwst che
pr e- baki ng units_( PREBAKE and tmo st,~ baki AKE) are
| ai d one on top dPWETotH&ISn RGP © dlscﬁ?ﬁ%f"ﬂr8§1tﬁg Bégfé e¥ice
Simlarly, in th%oEP%E%% is a difficult problem in terms of.structure
and maintenance. The photoresist coating unit (COT)
10 may be placed at the upper stage, if necessary.
In the third processing unit group G3, open-type.
processing units are laid one on top of another in
eight stages as shown in FIG. 12. These units perform
specific.processes on the wafer W on a table SP.
15‘ For example, in the third processing unit group G3, a
cooling unit (COL), an adhesion processing unit (AD),
an alignment machine (ALIM), an extension unit (EXT),
two pré—baking units (PREBAKE), and two post-baking
units (POBAKE) are laid one on top of another in that
20 order from the bottom. Similarly, in the fourth
processing unit group G4, open-type processing.
units are laid one on top of another in eight.stages.
For example, in the fourth processing unit group G4, a
cooling unit (COL), an extension/cooling unit (EXTCOL),

25 ~ an extension unit (EXT), a cooling unit (COL), two
pre-baking units (PREBAKE), and two post-baking units

(POBAKE) are laid one on top of another in that orxrder



procesSing unit group 4, open-type processing units are laid one
on top of another in eight stages. For exanple, in the fourth
processing unit group 4, a cooling unit (COL), an -
extension/cooling unit (EXTCOL), 25 an extensi.on unit (EXT), a cooling
unit (CAL), two . pre-baki ng units_(PREBAKE), and two post-baking
units (POBAKE) are laid one on top of another in that.order

- 33 - fromthe bottom Thermal interference

bet ween the units can be reduced by arranging the cooling unit
(COL) and the from th#tbeston/cooling unit (EXTCOL), whose processing 5
tenperatures are |low, at the | ower stages and the pre-baking units
(PREBAKE), post - baki ngherinad inBeBAKFpnce betweeandhadaditsncpnobessi ng
unit (AD),. whose processing tenperatures are high, at the upper

st ages. reduc@debynaeraagengetheoqoml1ngsunh& i@ﬁb)lengtthn 10
the direction of depth as that of the processing station 12 but is
shorter in the dextensdéandtonling. unit (EXTCAL)hewhpsat PsPCER8ingt erf ace
section 14, a portable pi ckup cassette CR and a fixed buffer
cassette BR are temperatuzpg are éﬁWboEtth?hé°U?HeFtaﬂeﬁeﬁpﬁhehﬁl exposure
15 unit 128 is provided at the_back of the |nte&

In the niddl e of PrRebRkiBEf @ét§e&?B§ﬁAKFherE°St‘ba lnﬂs“ﬂﬁ&§|&EQBéK§éfer
transfer machine 26. The wafer ﬁfgégnach ne 126 noves_in

directions of X 8R# gdhesion PF8°S§§é§§ BGP dat WROSERPERGCERIRH the
peripheral 20 tempe?:O %&%SUQEL ﬁlgh, at the upper stages.

The interface section 14 has the same iength in

10 the direction of depth as that of the processing
station 12 but.is shorter in the direction of width.
In the front of the interface section 14, a portable
pickup cassette CR and a fixed buffer cassette BR are
laid one on top of the other. A periphéral exposure

15. unit 128 is provided at the back of the interface
section. In the middle of the interface section, there
is provided a wafer transfer machine 26. The wafer
transfer machine 126 moves in the directions of X and Y
to access both cassettes CR and BR and the peripheral

20 exposure unit 128. |

| The wafer transfer machine 126 is also designed to
turn in the direction of § and access not only the
extension unit (EXT) belonging to the fourth processing'
unit group G4 in the processing station 12 but also a

25 wafer delivery table (not shown) on the adjacent
exposure unit.

'In the coating/development system constructed as



The wafer transfer machine 126 is al so designed to turn in the
direction of [err] and access not only the extension unit (EXT)

bel onging to the fourth processing unit group &4 in the processing
station 12 but also a 25 waf er delivery table (not shown) on the

adj acent exposure unit. . - 34l n.the coating/devel opnent
system constructed as - 34 -

descri bed above, a sem conductor wafer Wis transferred . sequentially
as follows for the respective processes. First, the wafer
transfer machi nedés2ribedadborke a semicondnotesswdfeeniWcdsdtraosfenfteds W
one by one from 5 the wafer cassette CR and loads it into the

al i gnnent " seaunentfAlly) asTieldaws Eerether zespectinehprocessges.

unl oads the sem conduct or wafer Wpositioned by the al i gnnent unit
and loads it into theFidis¢si dhe wafer tyesséesi mgchine (123) unyeads $BEf or ns
an adhesion 10 " process on the wafer W After the adhesion process, '
the main wafer tnapspeessadhsemicondystozdyafres W one byepngofdBPt or waf er
Wand transfers it to the coolin nit (COL),, which cqqls it,
Thereafterd the the Wafe§éﬁ?§§ﬁ&%@t§3 ﬂ&ﬁeﬁ°ﬁﬁ?ler&H§ﬁbF&§daaﬁgnWﬁBtresist
15 coating unit (COTI), pre-baking unit (PREBAKE), .
extension/coolinyn&ﬁiKA@E%?CCLFPeaWG%PnF@FP ckragsieg,machine 124, (e

LS vt oo e KBS eclgBRRRNES pacen, i HRIRCPAERLL T
pourth processing \ytiinent’ unit $nd'lozas?1Y TR N UdhratRy' (EXT) 10 the
' processing unit (AD), which performs an adhesion |

10 process on the wafer W. After the adhesion process,
the main wafer transfer machine 124 unloads the
semiconductor wafer W and transfers it to the cooling
unit (COL), which cools it. Thereafter, the
semiconductor wafer W is transported via the resist

15. coating unit (COT), pre-baking unit (PREBAKE),
extension/cooling unit (EXTCOL), and interface section
144 to the exposure unit. Then the wafer is conveyed
to the extension unit (EXT), developing un;t (DEV), and
post-baking unit (POBAKE) in the fourth processing gnit

20 . group G4 and the extension unit (EXT) in the third
processing unit group G3 for the respective processes.
Then, the processed semiconductor wafer W is $tored in
the wafer cassette CR.

Using FIG. 13, the resist coating unit (COT) of

25 the embodiment will be explained. It is assumed that
the resist coating unit (COT) forms a chemically

amplified resist film on a wafer W.



procesSing unit group G3 for the respective processes. Then, the

processed sem conductor wafer Wis stored in the wafer cassette CR
Using FIG 13, the resist coating unit (COT) of 25 t he enbodi nent wil |
be explained. It is assuned that the resist coating unit (COT)
forms-a chemcally anplified resist3gilmon a wafer W

- 35 - In the resist coating unit (COT), an annular cup
CP is provided in the central portion of the unit's bottom |Inside
the cap, a spin chuck 152 is provided. ' The spin chuck 152 is
designed to be rotatednbthe resist doatiimg motidr (COT )unday aggmlas! afp a
spi n chuck rotation control section 184, while securing the

semi conduct or waC®r i/ pwoplided by theugenighdspowtipme of the Unityisng not or
154 is provided at an opening 150a nade in_a unit battom bgard 150
so that it can nbo@topaandnsgde thedear., aTEPidy chusk dtords Lraydded-ed to

X le, an air

an up-and-down ' drivi n?(ganit 160 caqnposed OE)’e fr%rta%: ¥ 18
i%ke flange

cyLLnder, and anThg- sRdNgGhyekgddde igndesigneg; 1oy
menber 158 made of, for exanple, al umi num_ On the side.of th
driving noBor 158riyingsmotor 154 andesocorirric ok al@é?—’!?&i%’“?ﬁk? fore

exanpl e, SUS (,stainless _steel), | rovided. The f. an menber 158
i s provided so a§°F@té€WbF°PW€°&p§§Fthgpfi@ﬁ'tﬁ?fﬁe SeCuUrdRy i’ j acket
164. A [ ' '

semtictom%tfcltr(r)?: g}ca e?:‘s- tinC %ef[alcrég byt Qreacl{lq}r& Oa{HheéEC.iLojnS.Ba The

driving motor 154 is provided at an opening 150a made
in a unit bottom board 150 so that it can move up gﬁd

10 down. The driving motor is connected to an up-and-down
driving unit 160 composed of, for_examplé, an air |
cylinder, and an up-and-guide guide unit 162 via a
cap-like flange member 158 made of, for example;
aluminum. On the side of the driving motor 154, a

15. tubular cooling jacket 164 made of, for example, SUS
(stainless steel), is provided. The flange member 158
is provided so as to cover the upper half of the |
cooling jacket 164. |

At the time of resist coating, the boﬁtom end 158a
20 of the flange member 158 comes into close contact With
the unit bottom board 150 near the periphery of thé
opening 150a, thereby sealing the inside of the unit.
When a.semiconductor wafer W is given and récéived
between the spin chuck 152 and the tweezers 124a of the
25 main wafer transport mechanism, the bottom end of the
flange member 158 rises from the unit bottom board 150

because the up-and-down driving unit moves the section



20 “of the flange nenber 158 comes into close contact with - t he
unit bottom board 150 near the periphery of the openi ng 150a,

t hereby sealing the inside of the unit. When a sem conduct or waf er
Wis given and received bet ween the spin chuck 152 and the tweezers
124a of the 25 mai n waf er transport .megganism the bottomend of the
fl ange nmenber 158 rises fromthe unit bottom board 150 _ because t he
up- and-down driving unit noves the section

- 36 - i ncluding the driving nmotor 154 and the spin chuck 152

upwar d. includirg ¢hel 4driyingsmetorol e angds ther spipprhuck 452
resist solution to the surface of the sem conductor 5 wafer W.is
connected via a 3WWABA.pi pe 188 to a resist supply section (not

) S 1 come AR e e S
CUD 2 N e oA SRR R g S o S AL IS, 10
Theresi st Snozyl WS i ahnasred VI3 o Rumply, ming d8% R g Rifr o
vor L1 cal SUPPOT (TR pecrian OB SR, FRET BN o 8 0O
4§ boctom bosr Gukiadl AN B2 Sl cbbning, aem 398 it a6t

together wth the yarid Calandpy units YRPdn THP Futsile B &hd —id'€P in
direction X. The

such a manner that the nozzle can be installed and

10 removed. The nozzle is designed to be transported to a
specific solution supply position in the upper part of
the spin chuck 152. The resist nozzle scanning arm 192
is provided on the top end of a vertical suppért member
196 that can move horizontally over a guide rail 194

15 laid in one direction (in the direction Y) on’the
unit bottom board 150. The scanning arm is driven by
a Y-direction driving mechanism (not shown) in such
a manner that the arm, together with the vertical
support member 196, moves in the direction X. The

20 resist nozzle scanning arm 192 can also be moved by an
X-direction driving mechanism (not shown) in the
direction X perpendicular to the directiqn-Y in order
to selectively be fitted with the resist nozzle 186 at
the resist nozzle standby unit 190.

25 In resist coating in the resist coating unit
(COT), the resist nozzle scanning arm 192 moves in the

direction X to the position corresponding to the



20 “resist nozzle scanning arm 192 can al so be noved by an

X-di.rection driving mechani sm (not shown) in the direction X
perpendi cular to the direction Y in order to selectively be fitted
with the resist nozzle 186 at the resi st nozzle standby unit 190.
25 In resist coating in the resist gpating unit (car), the
resi st nozzle scanning arm 192 noveés in the direction X to the
p05|t|on corresponding to the - 37

resi st nozzle 186 to be used. It then noves in the
dlrectlon Y, or upewistimozilbe f18firtey edusedfi tItecthen movesiiirh thee resi st

nozzl e 186 to be used. After being fitted wth a conpati bl e resi st
nozzl e 186, the rdbrettion Y, owzmpwansdaimithe of iguwg?, novesis nf itted
direction Y, or downward in the figure, to a suitable position
above ~ theviklvethevresiseamozzle wlkerte kemsed. THREtRN deing

i.s being turned %la motor (not shown). The resi st nozzl e remai ni ng
still in the abov b@%dthathfarmmpqmble w5 st ez lmel8on the xefifthg -
wafer W The thinner_is used to make a resist materjal easily
stick to tHe nozzke $GRRNHAG (pEn hf 2 meyes in the diregiion ¥ n Q¥

dri pped on the surface of the wafer W I nst %sneousl spr.eads
radial |y toward t%w’é‘ﬁ?§‘iidbnb‘§he 15igure ¢ ctR @ £ 3k 5? c@°?ht RPY¥Rnner

that it covers the re surface of th wa cess hi nper is
forced to fly tovERe YAKSH N orpd B?awet%\,a‘raefev\’f%ycen{er il

Lg;g?eaggelergglf%tegéé32€u£ggdcb§ motor (not showﬁ-en’Tﬁg éé?gét
nozzle remaining still in the above position first
10 drips a thinner on the turning wgfer W. The thinner is
used to make a resist material eesily stick to the
surface of the wafer W. |
The thinner dripped on the surface of thg wafer W
instantaneously spreads radially toward the_outsidé by
15 - centrifugal force in such a manner that it covers the
entire surface of the wafer W. Excess thinhef is
forced to fly toward the outside of the wafer W by
centrifugal force and is collected into the cup CP.
Then, the resist nozzle 186 drips the resist
20 solution on the surface of the wafer W. The dripped
resist solution instantaneously spreads radially toward
the outside of the wafer W by centrifugal force in
such a manner that it covers the entire surface of the
wafer W. Excess resist solution is forced to fly
25 toward the outside of the wafer W by centrifuéal force
and is collected into the cup CP. .The resist solution

covering the surface of the wafer is instantly dried by



20 "solution on the surface of the wafer W The dri pped resi st
sol ution instantaneously spreads radially toward t he outside of the
waf er Wby centrifugal force in such a manner that it covers the
entire surface of the waf er W Excess resist solution is forced to
fly 25 toward the outside of the wafer 3§/ by centrifugal force

and is collected into the cup CP. The resisf solution covering the
surface of the wafer is instantly dried by

- 38 - a current of air induced by the rotation of the wafer

and an air flow aokcuvitrentgof air inducedAbyetheheodatppnngfofthehwafesi st
sol ution has been conpl eted, the resist nozzle scanning arm 192
noves in 5 amel @iy @dtr ddlowofoupdaydngn the figure, and returns to

the resi st nozzle standby unit 190. At the sane tine, 'a rinse

nozzl e scanni ng arm 2Zfter the wnigping oife tdier eesist \solortmm ibeerhe
figure, and ‘stops right above the periphery of the wafer W 10

The rinse nozzl e completeg athe22esistusodzle seapnding arm 19t2hé\°t"l$iscl%n
resist filmfornmed at_the periphery of the waf er A‘rinse nozzle
222 is attd&ched ttdhe dnegrion, or upwagde in khe rfd-ﬂﬂr@'s@é\%ﬁ?d'—“dfr“rﬁ 290
The rinse nozzl e 222 supplies a_ thinner. The thinner supplied 15
fromthe rinse ndh8 Fesistynazslee s tangbye wiids 190 thick resist

filmforned at the perjph of the wafer Af t er the t er
coating, resist coati r‘fb'P "3}% same tim&, &Lifss RARALS SAAING AR

process has beenmoves in(¥H2)direction Y, or upward in the figure,
and stops right above the periphery'of the wafer W.

10 The rinse nozzle scanning arm 220 is used to remove
the thick resist film formed at the periphery of the
wafer W. A rinse nozzle 222 is attached to the tip
of the rinse nozzle scanning arm 220. The rinse

' nozzle 222 supplies a thinner. The thihner-suppliéd

15. from the rinse nozzle 222 dissolves and removes the

thick resist film formed at the periphery of_the wafer.

After the thinner coating, resist coating, and
rinsing processes, the formation process has been
completed.

20 After the completion of the formation process;
the wafer W on whose surface the resist film has
been formed is conveyed to the interface section and
held in the wafer cassette CR. When the number of
resist-film-formed wafers W stored in the wafer

25 cassette has reached.a specific number, for ekamplé,
25, the wafer cassette CR holding the resist-film-

formed wafers W is transferred to the film thickness



20 ’ After the conpletion of the formation process, t he
waf er Won whose surface the resist filmhas been forned is
conveyed to the interface section and held in the wafer cassette
CR. When the nunber of resist-filmfornmed wafers Wstored in the
wafer 25 cassette has reached a specifizg nunber, for exanple,

25, the wafer cassette CR holding the resist-film formed wafers W
is transferred to the filmthickness

- 39 - measuring instrunent, which nmeasures the film

t hi ckness. measurinbhdnstirmments ofhiche melaswires bhearfidllinf i ed resi st
filmvaries as tine passes since the formation of the 5 resist film
Therefore, if thé&hicknegssom when t he resist filmis formed on the
wafer Wuntil the film thickness is neasured is |long, -the val ue of
the film t hi cKPhes sthieclenessd off thee qhqmﬁCtﬂrii]dkrﬁé@hrg‘ﬁﬁJrﬂWSt
instrument will beinaccurate. Particularly when the 10 . waf er cassette
CR i s transferredidm varias |as thime Ragses since jtheformatdaih of the '
basis, there will be a significant di fference in nmeasurenents

between thé fil miafigndsisim. Therefongye it the g ISt the
15 "earrects MRSV B ¥ 1SRRG G cheD et i i dhe FIE T
N0 koo SHAMAIA T AR 58 bl G R AR P,
| thickness measured at the film thickness measuring -
instrument will be inaccurate. Particularly when the
10 wafer cassette CR is transferred and the film thickness
is measured on a lot basis, there will bé a significant
difference in measurements between the film thickness
of the first wafer W and that of the last.wafer.
To overcome this problem, the present embodiment
15' corrects the value of film thickness by the following
method. |
FIG. 15A schematically shows the configuration of
a film thickness instrument to which the method has
been applied. |
20 As shown in FIG. 15A, the film thickness
instrument comprises a sensing section 101, a CPU 102,
a display section 103, and a storage device 104.
A specimen whose film thickness is to be measured
(a resist-film-formed wafer W) is fixed to a specimen
25 table 105 provided near the sensing section.lol.
The sensing section 101 illuminates the specimen

and senses the reflected light. The CPU 102 éives



20 ' As shown in FIG 15A, the filmthickness I nst runment
conpri ses a sensing section 101, a CPU 102, a di splay section 103,
and a storage device 104. A speci men whose filmthickness is to be
measur ed (aresist-filmfornmed wafer W is fixed to a specinen 25
tabl e 105 provided near the sensing sectionggOl- The sensing
section 101 illum nates the specinen and senses the reflected
light. The CPU 102 gi ves ' - 40 -
instructions to the sensing section 101, cal cul ates the film

t hi ckness on t heihasiacbiohhetei yhel sénsinghsection 183dpsradcydatpsnther,
wites and reads data into and fromthe storage device, eyd- RAM
104, corrects th€il® thickapae on the bapiftAfckhesslonad §repsth

i nstructions to . the display section 103. The display section 103

di spl ays vari oussgasangt EEStiAD ééia VE&ékes ARd| ygpdg data 1"$Heap sults of
measuring the filmthickness and the, conditiagg for nea yrement . The
storage devi ce 16xomighe sterggesdg¥igesn®r fe rviAtat %G GPHER h'g%ness of
t he chemcally ified resist filmfornmed on the wafer. W

with respeét to FﬁéuSIQSSEBetﬁﬁgma§ﬁ§ﬁ SBy PPA 9188S instilictions Re

t hi ckness of the resist film.is _neas do . f Ql:l_Qwi

principle. 15 the displaysf&Gk PR gpgﬁ 1@PewﬁéﬁqHé§E%%q§ﬁg%tqg;j'fronla
light-emtting segtiqn_115a qQf a sensor : e Jd..qht. . : Nt o

" the resist,filnlalgp' 'siﬁ@F&@H@epgﬁawgt%%gaahg datd |E§%ﬁfhéJ§u?§§él of

t he waf W W t he || : e 1 sQuad iSterid | MR
the li gﬁ[ s 1 e??:&léatg: dullls heasuring theMFaim CHi@Kded P tHd | M

conditions for measurement. The storage device 104
10 stores data on the variation of the thickness of the
chemicaily amplified resist film formed on the wafer W
with reépect to the elapsed time as shown in FIG. ;5B.
The thickness of the resist film is megsured on
the following principle.
15. As shown in FIG. 16, when light is emitted from a
light-emitting section 115a of a sensor 115, the light
goes into the resist film R at an incidence angle of c
from the surface of the wafer W. When the light goes
from air into the resist film R, the light is refracted
20 at the interface Rl1. If the refraction angle is B and
the refractive index of the resist film is n, the
following equation will hold between the incidence
angle ¢, the refraction angle B, and the refractive
index n:
25 n = Sin a/sin B |
After entering the resist film, the light goes

straight on inside the resist film and is reflected



20° at the interface RL. |If the refraction angle is [err] and

the refractive index of the resist filmis n, the fol |l ow ng
equation will hold between the incidence angle a, the refraction
angle [err], and the refractive i ndex n: 25 n =3Sin
[err]/sin [err] After enteringithe resist film the |ight
goes straight on inside the resist filmand is reflected

- 41 - at the interface R2 with the wafer W The reflected

| i ght advances within the resist filmR toward the interface R .
Wien passing t hr adglthehdnterdatec®2Rwith the wafleer W.ghtThes nedflemtedd agai n
and travels at an 5 i ncidence angle of [err] in the air and caught by
a | i ght - Adgdityiadyageesi withish the rrsiséndddm B toward the . FIG

16 shows the pat

h by which the light emtted fromthe

light-emtting sdatesfaces®iaf ménsm§@rln91$hrough tl}ﬁlslg@@rtfmm@i.t he

resist filmR i
the air, and is
sensor 115
respect to 5a nor rid
16, the filmthi
foll ow ng equati
= Sin [err]/sin
sin al2 (n[err]

10

15

20

25

s.reflected at the I nterface , travels again

Adght is ret#grapﬁ@dl ﬁgﬁtmré@& \m«'?gfeé@ctqto@rtusb of t
shown i.n FI.G 16, ath i.S S ical with

4%%%%% é”bPoEé ﬁea"d ca ﬁng%Aéyséen from

n%%:—recoefn}lrr]lg sectloal 1‘;}%%“ fi l R I S o%! elr}, .by the

[e;r]n[ elif.? )][Gfjl o eowosf the %a({hv )4 wh_J.ch thé/ :light emitted

from the 1lght-em1tting section 115a of the sensor 115

passes through the resist film R, is reflected at the
inte:face_RZ, travels again in the air, and is caught
by the light-receiving section 115b of the sensor 115.
As shown in FIG. 16, the path is symmetrical with
respect to a normal represented by a broken line.
As seen from FIG. 16, the film thickness d of - the
resist film R is given by the following equation:
d = 1/2 tan B | .

Since n = Sin ¢ /sin B, the value of d is given

d = sin «/2 (n2 - s:i.nzm)l/2

Because the values of cand n are known, if the
value of 1 is sensed by the sensor 115, the value of
the film thickness 4 can be determined.

~The reason why the thickness of the chemically
amplified resist film varies as time elapses since the
formation of the resist film is partly due to: the
variation of the refractive index n of the resist film

R with the elapsed time since the formation of the

in
he -

FI G

Since n

d =



20 ’ Because the values of [err] and n are known, if the

value of 1 is sensed by the sensor 115, the val ue of ~the film

t hi ckness d can be determ ned. The reason why the thickness of
the chemcally anplified resist filmvaries as tine el apses since
the 25 formation of the resist filnLisgpartly due to the

variation of the refractive index n of the resist film Rwth the
el apsed tine since the formation of the

- 42 - resist, taking into account the fact that the film

thi ckness d i s czbsikatettakinghénhboaccduntrthedfact thagrithe Fidm

The data stored in the storage device 104 are 5 acquired_as foll ows.
One or several whhdcknessrd dsedaiculated on the gpewg cridedy t he

resist coating unit, a resist filmis formed on the wafer under the
sanme conditions principlgs those for the products. The filmthickness is

10 measured with the fil mthickness instrunent eagp tinme q)

specific tinme has el afhed daba skeredsiia she gtoragq device 104 anq,,

measur enent, data on the variation of the chemcally anmplified

resi st filf for mBgRtrede aRafol 1ows - with respect to the el.apsed tine is

acquired. 15 FIG 18 sho t relati onshi p, bet ween t he val ues
of filmthicknesses t ¢ &FTVEFemd é'selhgﬁfgd uBdd 4 elan:es. FIG 19 is

ig_ e_rll_lhgr glegc\l:i S\C’)Visoﬁfegti?n%x%qrt i'UOSr.{ng the rersiggi @gaftri?@ Qtr{[ici: ,7 ahq'."érsiétn FI G
film is formed on the wafer under the same conditions
as those for the products. The film thickness is

10 measﬁred with the film thickness instrument each time a
specific time has elapsed. On the basis of the result
of the measurement, data on the variation of tﬁe
chemically amplified resist film formed on.the wafer
with respect to the elapsed time is acqhired;_ .

15 | FIG. 18 shows the relationship between the values
of film thicknesses thus acquired and the elapsed
times. FIG. 19 is an enlarged view of the ﬁoftion
ranging from 0 to 7 hours in FIG. 18. The black points
in FIG. 19 represent the data obtained by actually

20 measuring the film thicknesses. The dotted lines in
FIG. 19 show the curves approximating the actual
measurements. A least square approximation method may
be used for approximation.

A.method of evaluating the film thickness with the

25 instrument will be explained by reference to FIG. 17.
A wafer cassette containing 25 resist-film-formed

wafers W is transferred from the coating/development



in FIG 19 represent the data obtained by actually 20 measuring the
filmthi cknesses. The dotted lines in - FIG 19 show the curves
approxi mating the actual ~measurenents. A | east square approxinmation
met hod may be used for approximtion. : A et hod of
evaluating the filmthickness with the 2543 4instrunent wll be explained
by reference to FIG 17. A wafer cassette containing 25
resist-filmfornmed wafers Wis transferred fromthe

coat i ng/ devel opnent : - 43 -

systemto the fibysteimckoeshenfadmr thjcknessumeasuring instrumentfhen, the
wafers Ware taken out of the. wafer cassette CR one by one. The
wafer Wis then set ifheme the wafpirenit prekhaksnneasupinghen¥efefent (step
801), which 5 measures the filmthickness steﬁ 802&. : . The
val ue of the fil pRSBetkecER vaeybigonerh Thaewaler W ighEhennsetein the

referred to the value of the film ) .thickness as_the ¥Z&Lat'o is
cal cul ated on th&iasithickness mepsugdng; LASERPERRES{SHERSH n¥81GAd the

el apsed 10 times. Then, an accuriig filn1thi859?ss i s conmputed by
subtracting the PeaSRGESH theykidRe thickneffckFLER *  nmeasurenent or
adding the variation tqQ the film ..thickness nmeasurenent .(st 03).
Wth the embodinent, e Valpe &f the (LN 0 Wsslgarylﬁghgléﬁe%R€§I ly
anplified resist forned t he sybstrat ' r t n the basis
of data on the vé%ﬁﬁﬁ%ﬁ? r, rerer e%PthEng?%h%fggh%ﬁ%egg% filmwith

respect to.the . cxnede?Rifdrd Varibtivn§ 38! 831609 a24UBnOLnENBakiE™
of the film thickness measurements and the elapsed
10 times. Then, an accurate film thickness is computed by
subtracting the variation from the film thickngss
measurement or adding the variation to the film
thickness measurement (step 803).
With the embodiment, the value of the thickne;s qf
15. the chemically amplified resist formed on the substrate
is corrected on the basis of data on the variation of
the thickness of the resist film with respe&t to the
elapsed time. This enables the value of the film
thickness to be evaluated accurately, irrespective of
20 - the elapsed time.
Hereinafter, another embodiment of the present
invention will be explained.
The present embodiment has a similar configuration'.
to that of the first embodiment except that the film
25 thickness measuring instrument is incorporate@ into the
coating/development system and that an alarm devicé is

provided which determines the permitted range.of film



t hi ckness to be eval uated accurately, irrespective of 20 t he el apsed
tinme. Herei nafter, another enbodi nent of the present
invention will be expl ai ned. The present enbodi nent has a
simlar configuration to that of the first .enbodi ment except that
the film 25 t hi ckness neasuring insiruggnt_is incorporated into the
coati ng/ devel opnent system and that an alarm device is provi ded
whi ch determ nes the permitted range of film

- 44 - t hi ckness on the basis of data beforehand, determ nes

whet her or not ttkigkhessobnt hbefbagsishpfkdates beforehapd,cdesgrmingst a has
exceeded the range, and gives an al arm when _t he val ue has exceeded
the range. |n thehether opragtnthenvednperf, thie ﬂﬂWwﬁPHF&%ﬁ§§s measuring
i nstrument is provided near the peripheral exposure it . 128, The
resist-fil mforneerracted apedpbaskasi gxceeded &hSUFP@ﬂeUa gdveR afne

waf er transfer nmachine 126 t akes out thg g?%gls one by qne ron1the
buffer 10 casaem whep Lhe value; has,grepeqR & Faldfen tRpite

the filmthickness instru whi ch u t hi ckness of t he
oot 1118 on CREenank, anboaiment; tREATIAR thitkness mesSHITON "I o { ho
pr esent

di he fil, hi ck
|ater time as thénﬁgﬁhﬁga n&%bgFoéﬁgéhehééggiilhif%%%i%h%ﬂ %XP%SP %e t he
first wafer, the segoiﬁag?f@ké réSis%a%&&grform \MWQEEEEL%&% Wghgr whi ch

makes the vari at PBf ESrmeth s pr obl'em "an SCcifate
value of the f'!g]buffer cassette BR. The wafer transfer machine 126

takes out the wafers one by one from the buffer

10 cassette BR and sets the wafer on the specimen table in
the film thickness instrument, which measures the
thickness of the resist film on the wafer. |

As in the first embbdiment, in the.présent
embodiment, the film thickness is measured at‘a

15' later time as the ordinal number of the wafer incréases
like the first wafer, the second wafer, ..., the
twenty-fifth wafer, which makes the variation-larger.
To overcome this problem, an accurate value of the film
thickness is determined by correcting the measured film

20 thickness on the basis of data on the result of the
preliminary test measurement.

Furthermore, in the present embodiment, the
permitted range of the values of film thicknesées_after'
correction is limited on the basis of data on the

25 variatibn of the thickness of the chemically amplified
resist film with respect to the elapsed time. It is

determined whether or not the value of the film



t hi ckness is determned by correcting the neasured film 20 t hi ckness

on the PBasis of data on the result of the prelimnary test

measur enent . Furthernore, in the present enbodi nent, the
permtted range of the values of filmthicknesses after correction
Is limted on the basis of data on . the 25 45 wariation of the thickness
of the chemcally anmplified resist filmwth respect to the el apsed
time. It is det erm ned whether or not the value of the film

- 45 - t hi ckness after correction has exceeded the range.

If it has exceed&bichkaessngéterheonreriignyvhag grceeded theyrahgean al arm
Thi s enabl es the operator to know the occurrence of gn abnqrmality

qui ckly, when anIf5it haghescesdedy thes radgger &S flard A8Viice WY &yforning
process and the filmthickness has exceeded th ermtted range.
Wiile in the enb&Vien@n &lgrahat frBﬁshégaEg&ﬁ _%he °Pe¥@qi?§n tl?s-ﬁﬂ‘é“ﬁ.he case
“nventi on Ts appliisapestrtence of; ag Abrozmsin ey sl Hhendh oM
5 251 PR 200Ut S l1d BASHEESS, s, zpe LS FARPY, 11
variation of " Prodass, and shedallr THERE MR BT Mspoct (o
t he el apsed tinepégﬁf£a§¥§%ﬂ&efxmsible to grasp an

While in the embodiment, explanation has been
given using the case of applying a chemically amplified

10 ~ resist to a wafer, the present invention is applicable
to other substrates, such as LCDs.

As described above, with the film thicknéss
evaluation method, the value of the thicknéSs of the
chemically amplified resist film formed on a gubstréte

15 is corrected on the basis on data on the variation of
the thickness of the same resist film with respect to
the elapsed time. This makes it possible t6 érasp an
accurate value of the film fhickness, irrespective of
the elapsed time.

20 Furthermore, it is determined whether or not the
film thickness corrected on the basis of data on the
variation of the thickness of the chemically amplified
resist film formed on a substrate with respect'to the
elapsed time has exceeded a permitted range previously

25 determined on the basis of data. If the corrected film
thickness has exceeded the permitted range, the alarm

device will give an alarm, which enables the operator
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value of the film thickness more accurately, regardless
of thé elapsed time.

Providing the evaluation unit in the processing
system makes it possible to grasp the value of the film
thickness more quickly and accurately and prevent
particles from sticking to the substrate.

Since whether or not the film thickness is within
the permitted range has been determined, this'enables
the operator to know the occurrence of an abnprmality
in the formed resist film accufately and promptly and
prevents particles from sticking to the substrate.
| Because there is provided means for compensating
for the stored data on the basis of the measured film
thickness, this ehébles the data to be compensated for
on time and prévents particles from sticking to the
substrate.

If the resist film is measured as described above,

the thickness of the resist film can be adjusted by

controlling the rotation speed of the spin chuck 152 by -

means of the spin chuck rotation control section 184 in



preventfs particles fromsticking to the substrate. Because

there is provided neans for conpensating 20 for the stored data on the
basis of the nmeasured film t hi ckness, this enables the data to be
conpensat ed for on time and prevents particles fromsticking to the
Ssubstrate. If the resist filmis neasured as descri bed above,
25 the thickness of the resist filmcangpe adjusted by

control ling the rotation speed of fhe spin chuck 152 by means of
the spin chuck rotation control section 184 in

- 47 - accordance with the nmeasured filmthickness as in the
enbodi nent shownacooEdé&ncé. with the measunthfbhmlthﬂvhneagegsah@ the

nodi fications will readily occur to those skilled in the art.

Therefore, 5 embbdimguénshowni anj FEGkr dader aspects is not limted to

the specific details and representatlve enbodi_nment w@ and
descri bed herein. Acc lﬁgpwa v vgggages andnﬂﬂﬁ#ﬁ&ﬁ?F&ﬂ§an§ Ee made

wi t hout departing fromth pirit Qi éogg gh t he gen nventlve
concept as 10 reaéeﬂwheeCHy Fﬁetﬁﬁﬁénéga Ledi 8 fREir ﬁF? PERts. -
CLAI M5

the invention in its broader aspects is not llmltedlto
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spiriﬁ or scope of the general inventive concept as

10 defined by the appended claims and their equivalents.



1! A resist processing nethod in a resist processi ng
conpri si ng: a first step of setting a substrate éﬂ'géy EEHASCBEEN .

5 tenperature a second step of formng a rgsist HH*CEB

sai d ﬂllln |!“Jmumu“ng a resist solution onto said
substrate mhlle I strate set ag the specific

t enper at ur e; athi'rd step of heating said substrate on whi ch

sai d resist'flln1has been forned; a fourth step of cooling
said heated substrate to a specific tenperature; and a
step of neasuring the thickness of said réBRIMS 15 filmon

sai d. substrate between said third step and said fourth step in the
resist processing systemA resist procegsingr Betdodphscéssehdsiet hod
according to claim1, further conprising the step of adjusting, on
the basis of theP¥eeessing ﬁﬁﬁ§ﬂﬂvn§°@ﬁ§l§hP8kness of 20 sai d resi st
film the humidity in a_resist coatin sai d resi st

processing system thé FbFﬁFléﬁSP ehe &ttlng a ﬁﬂb%ﬁﬁqﬁeéﬁﬁsﬁréP@cﬁﬁthe

resist coating unit, g | east one of the tenperature of said
substrat e *nd thEemPera Ureénperature of said resist solution in the first
st ep.

according to - cPaFﬁFQndwﬁgﬁgl ﬁfséPE‘“é&jgu& |r;éasl %tt @’lﬁg‘egjzllr %(%r %Eﬂh_od

substrate by applying a resist solution onto said
substrate while turning said substrate set at the
specific temperature;
10 | a third step of heating said substrate on which
said resist film has been formed;
a fourth step of cooling said heated substrate to
a specific temperature; and |
a step of measuring the thickness of said resist
15- film on said substrate between said third steé and said
fourth step in the resist processing system.
2. A resist processing method according to
claim 1, further comprising the step of adjusting, on
the basis. of the result of measuring the thickness of
20 said resist film, the humidity in a resist coating unit
of said resist processing system, the rotational speed
of said substrate in the resist_coating unit, and at
least one-of the temperature of said substrate and the
temperature of said resist solution in the first step.
25 3. A resist processing method according to

claim 2, wherein said adjusting step includes the step

of changing not only at least one of the humidity in
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5: when t he néasured t hi ckness of said resist filmis

the upper limt of a permtted range in a ' first place Jrﬂlgﬁl’ETlﬁ;‘\ngEEN
substrate and is smaller than The lower limt of the germ t RERLACEBge

in a second pllmmmm“"u"m m d substrate. 10 : 4. resi st
processi ng net | " ’_ claimyg, wherein said filmthickness

nmeasuri ng stepis® L M perfoorned while a transfer nmechanismin said
resi st _ processi ng systemis holding said substrate in place.

5. A resist processing nethod according to 15 claim2, wherein said
filmthickness meheuresgstt epatsng unitpenflothedrotakiocnsl spesd sife
provided in said resist processi ng system 6. A resi st

processi ng net hodaddcenbistgate in SaidCKGERSE,Cﬂﬁé#@@h“@%tdbﬂq|ﬂhﬂ% &ness
measuring step is 20 performed while the transfer nechanismin said
resist - prdeessi egespdt shei senpRERAYTeard Sads sabstnate and the
7. A resist processing nethod according. to claiml,, grein said
filmthickness nsgB@erAgusecpfi said resigt solitdoh 12 madd. SdiFsth &EP
e ngbreshatheh Shes e IR it comin L. °'
2 Second stop of 1ABERTGIEY Che PEPRFAdALERs @ PermiR AT %A i ng
a resist solutiononto said 8 o05 P URHARMUIAE { NS S Iha RS AT e
| lower limit of the permitted range in a second place on
said substrate.
10 4. A resist processing methqd according to
claim 2, wherein said film thickness meaéu;ing-step is
performed while a transfer mechanism in said resist
processing system is holding said substrate in place.
S. A resist processing method according to
15. claim 2, wherein said film thickness measur;ng step is
performed on a test substrate provided in said resist
processing system. |
6. A resist processing method according to
claim'l, wherein said film thickness measuring step is
20 performed while the transfer mgchanism in said resist
processing system is holding said substrate in place.
7. A resist processing method according.to
claim 1, wherein said film thickness measufing step is
performed on a tesf substrate provided in said_resiét

25 processing system.

8. A resist processing method in a resist

rocessing system, comprising:
p. g sy ’ P 9 This Sheet Has Been Reﬂlaced




ténperéture; a thlrd step of heating said subst
said resist fi a fourth step,

sai d heat ed sub a second tenperature; and ‘R
step of neasuri ﬂ ﬂuﬂ of sai d resi st : filmon sai
substrate after sstep in the 50 ~resist processing system

9. A resist proceSS|ng met hod accordlng to 15 claim8, further
conprising the step of adjusting, on the basis of the result of
measuring the thickness of said resist film the humdity in a
resist coating unit a firstoétepi dfrbeatingraceubstgatesteomn fhest
rotational speed of said substrate in the resist coating unit, and
at 20 | easttempesatune;first tenperature of said substrate and
the tenperature of said resist solution in the first step.

10. A resist processi RgSREPREdSEEROPEI AGrMANg a resdipi Hidm ﬂﬁeﬁéﬂd sai d
adj usting step is perforned .When the neasured thickness of said
resi st fiﬁﬂgﬁ's’rﬁ’é?gblf 2pRkying Gpﬁ%’."l?FnﬁPlBFlanp@PﬁPt?ééid

range in a first p]ace on said substrate ang IS, sma g n.the

|l ower lini? of tﬁg batrate: vhitangerping sat nﬁubStratepFSEeaBnt ﬁlﬁlrSt

substrate. % A resist processing nmethod according to
claim8, wherei nt€BPETRFIRRY hi ckness neasuring step is

a third step of heating said substrate on which
said resist film has been formed;
a fourth step of cooling said heated substrate to
10 a second temperature; and
a step of measuring the thickness of said resist
film on said substrate after said fourth sfep in the
resist processing system.
9. A resist processing method according to
15. claim 8, further comprising the step of adjusting, on
the basis of the result of measuring the thickness of
said resist film, the humidity in a resist coating unit
of said resist processing system, the rotational speed
of said substrate in the resist coating unit, and at
20 least one of the first temperature of said substrate
and the temperature of said resist solution in the
first step.
- 10. A resist processing method according to
claim 9, wherein said adjusting step includes the step
25 of changing not only at least one of the humidity in
the resist coating unit and the rotational speed of
said substrate_in said resist coating unit but also at

This Sheet Has Been Re(ilaced




10 perforned while a transfer nmechanismin said resist

processi ng systﬁﬂLLs_thd+ﬂg—sard substrate I n place.
A S,

T|HAS BEEN
{C8Bd

resi st proceSS|n nmet h cl ai m 8, wher eil

t hi ckness maasnﬂl m ﬂ ﬁnﬂ&i , perfor med on a test substrate
In said resist «Ng system_. 551 - 13. A resist
processi ng met hod accordlng to claim12, further conprising the
step of washi ng out, - in the resist coating unit, the resist filmon
the test substrate whose filmthickness has been neasured, to 20
reuse it. least one ofrtbesfipsbctempeyatyrcecafcaapdi shhgtrate

a resist coating unit for formng a resist filmon a substrate by
appl yi ng a resi sendokhei samprratune of said xepiskafelukiers. ibrfndg t he
substrate; 25 a heating unit for heating said substrate :

a transfer nechaﬁi§ﬁ$f§ﬁeﬂmlvhﬁ§ sha meapyredr Fhyckness ofsgpg dsEgsifht e:

and m t hj ckness asurln% |nstrunent prOV|ded
above a Ioad/unlSéamsPétléFggﬁlHhﬁBthﬁg“BHFF gmit ol a permitredyo

t hi ckness of the resist fil or e said_, substrat.e.

15. A resPst pr58888i nd §yg§§ﬁFCBgﬁFFsPﬂg§ald subst 2422 gnpesls?mg%%?lng
unit for formng

sol ution onto th&g n°tne' 1§W8§tﬁ&WétmﬁFIEhguﬁﬁgﬁEE?%g géﬂggréﬁeagsgCOSaISt

a heating snlt.f%& g%a%hp%al%t d 3y %5 %te to a

11. A resist processing method according to
claim 8, wherein said film thickness measuring step is
10 performed while a transfer mechanism in said resist
processing system is holding said substrate in place.
| 12. A resist processing method according to
claim 8, wherein said film thickness measurihg step- is
performed on a test substrate provided in said resist
15. processing system.
13. A resist processing method according to
claim 12, further comprising the step of washing out,
in the resist 6oating unit, the resist film on the;test
substrate whose film thickness has been meésured, to
20 reuse it.
14. A resist processing system comprising:
a resist coating unit for forming a resist film on
a substrate by applying a resist solution onto the
substrate while turning the substrate;
25 a heating unit for heating said substrate;

a transfer mechanism for holding and transferring
____’-’_—.’_—_—‘—

said substrate; and
heet Has Been RTlaced
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10 “first t enper at ur e; ' a tenperature adjusting unit having
the function of cooling at |east said substrate to a second

(ST e et T S AR

i nstrument which is - provi ded above Isgad/unl oad s1ot's &f 4t $east

ei t her said heating unit or said tenperature adjusting unit, '
said heating unit and said tenperature adjusting unit = 20 being laid
one on top of another, and which nmeasures t he thickness of the
resist filmformed on &diidm thicknessqueasuring instrumentl rovidesd st
processi ng system conpri si ng: a resist coating unit for formng
a resist filmonabpye a lpadfumnlond shptamdi waig headsing wWituticon onto the
substrate while turning the substrate; . a heating unit for
heating said subdeasuxre $he thickness of the resist film formed on sagg -
first tenperature _ a transfer nechani smfor holding and
transferring substratesypstrate; and a filmthickness
measuring pnstrunment ovided 5 above a transfeagggth of "said transfer

mechani sm Po surfe ReF§th RYQRASS 109 (85YS 18% i CSMBE 1S3 N% ned on sai d

: : ' ' ' t hod conprijsin
. ﬁgsg[ 2:)2 of - a redldt | BadY SNEete G YRS L0 1oL NSk £OMRE A Tk

a substrate by applying a resist solution onto the
substrate while turning the substrate;
a heating unit for heating said substrate to a
10 first temperature;
a temperature adjusting unit having the function
. of cooling at least said substrate to a second
temperature;
a transfer mechanism for holding and tfansferring
15. said substrate; and
a film thickness measuring instrument which is
provided above load/unload slots of at least either
said heating unit or said température adjusting unit,
said heating unit and said temperature adjusting unit
20 being laid one on top of another, and which measures
the thickness of.the resist film formed on said
substrate.
16. A resist processing system comprising:
a resist coating unit for forming a resist film on
25 a substrate by applying a resist solution onto the

substrate while turning the substrate;

a heating unit for heating said substrate to a




10 storing data on the variation of the thickness of a

chemically anplified resist filmforned on a substrate with e
tinme; measuring the thickness of the chem

anplified resist filmforned on said substrate; and 15

: - I ng
t he value of said neasured film thi glgness on thﬁ\ML ‘“\m\ﬁ“\
stored dat a. 18. A filmthickness evaluatio od dtcordlng
to claim17, further conprising a step of giving an al ar m when sai d
corrected filmthickness is outside a 20 permitted range.

19. A film thi ck#d&steFempariagirRet hod accordlng to claim17,
further conprising a step of conpensati said stored data on
the basis of the val u@ drangier meChaanﬁghiﬂrediql,qkﬁg ek rigsansferying

20. A processin ap ar tus conprisjng: means for forn1ng a
chemcal |y anpli S§Fate' and {i’| m on a substrate;

54 - r .st data on the variation of th
t hi ckness of the chemacﬁ mqqﬂ%% MRASHEing n'nrnsatrumentf R cg%i sai d
substrate \_g,nth el Zpsed ti,ne; %geasurl n tsq“ettohl ckness

of the RERVEA FERe 2Pt S
FUPS el o0 menegsshe TR BRI I 0w Sindt dh T
substrate.

17. A film thickness evaluation method comprising
the steps of:

10 storinj data on the variation of the thickness of
a chemically amplified resist film formed on a
substrate with elapsed time;

measuring the thickness of the chemicélly
amplified resist film formed on said substrate; and.

15- correcting the value of said measured film
thickness on the basis of said stored data.

18. A film thickness evaluation method.aécording
to claim 17, further comprising a step of giving an
alarm when said corrected film thickness is outside a

20 permitted range.

19. A film thickness evaluation method according
to claim 17, further comprising a step of compensating
for said stored data on the basis of the value'of said
measured film thickness.

25 _ 20. A processing apparatus comprisings:-’

means for forming a chemically amplified resiét

film on a substrate;



wherei n these means are integrated into a single 10 structure.

21. A processi ng—apparatus—aceorditig to cl ai m 20, fu -0 1
T

conpri sing means f b ol ét her or not sai g corr

t hi ckness is outsiﬂll&ﬁ“ﬁﬂﬂ“ﬂﬂiﬁ“ﬁgeternined permtted rangk.and

giving an 15 * M «Corrected B#l m-t hi ckness i s outside

said permtted range. 22. A processing apparatus according to

cl ai m 20, further conprising neans for conpensating for said

n the basis of the valye of, said negsured , 20 “film
fL?LEgeggta on the means fﬁr stofing data on é%e variation of the

thickness of the chemically amplified resigt film
formed on said substrate with elapsed time;-
| means for measuring the thickness of the

5 chemically amplified resist film formed on said

substrate; and o
means for correcting the value of said measured

film thickness on the basis of said stored data,
wherein these means.éfe integrated into a single

10 structure.

21. A processing apparatus according to claim 20,
further comprising means for determining whethér or not
said corrected film thickness is outside a
predetermined permitted range and means for giving an

151 alarm when said corrected film thiékness is outsidé
said permitted range.

22. A processing apparatus according to claim 20,
further comprising means for compensating for said
stored data on the basis of thé value of said measured

20 film thickness.

23. A method of and apparatus for processing
photoresist, method of evaluating photoresist film, and
processing apparatus using the evaluation method,
substantially as hereinbefore described with reference

25 to the accompanying drawings.
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