; %&' () *e3e-H <<=C: D H6@{THe| 17 DEC 2004 METHOD FOR EVALUATI N@ ?_W
SYSTEM METHOD FOR ADJUSTI NG SUBSTRATE- PROCESSI NG APPARATUS, "L

SYSTEM AND EXPCSURE APPARATUS BACKGROUND OF THE | NVENTION Field of the

I nvention: The present invention relates to a nmethod for evaluating a

|'i t hography system for produci ng devices such as sem conductor el enents,

liquid-crystal di S%ﬂfﬂ@bef@ﬁtﬁv APTRG 0L PPLGYRS SV E Spppgnd thin film
ul ar

magneti c heads. In partic , the present Tnvention is preferably applied

to a |ithogr apftseys wom Ms@%‘i&d"‘s‘iﬁs@g&eﬁ%}%&oﬁ WG APPRRRIDY! €

apparatus, and a devel opi ng appar at us vel o er?.%%%escrl ption of the

Rel ated Art: in oriqﬁﬂbgg%ﬁﬁg%ggg%ﬁ,hmﬁﬁ&gbgﬁ% tAF%A ghge of

i ntegration and degree sem conductor device, it is
dermanded to enhance the inage formation characteristics such as the
resol ving power and the transfer faithful ness for the exposure apparatus to

be used for the Iithograpthéﬁéﬁ?éﬁﬁpgﬁgf@%a%&yfﬁ¥¥6ﬁnprising t he

application step, the exposure s € resi st devel opnent step) in
order to produce the sem conductor device. In order to enhance the inmage
formati on characteristics as described above, for exanple, the 1 17 DEC,

2004 fol | oy ngnéhérfnggﬁpiﬁ :for t he exposure apparatus. That is, the

wavel engt h of the exposur I'g beam as the exposure beamis shortened,

t he nuneri cal _ aﬂ%ﬁ,é;'fé}é’ﬁttfﬁv@%?iggtﬁgfﬁg 'ggl S ‘%ﬁ?ﬁ;ﬁoi ncreased, and

[
the new illum nati ystem such as the ified i ton is devel oped.

l? or der tébé@ﬁ%t@ﬁ& QQ?&EK@@%QE&? §§EEEﬁifE% producing devices such
: as semiconductor elements, liquid crystal display elements,
plasma display elements, and thin film magnetic heads. 1In
particular, the present invention is preferably applied to

a lithography system prévided with a resist coater, an

exposure apparatus, and a developing apparatus (developer).

Description of the Related Art:

In order to respond to the improvement in degree of
integration and degree of fineness of the semiconductor
device, it is demanded to enhance the image formation -
characteristics such as the resolving power and the
transfer faithfulness for the exposure apparatus to be used
for the lithography step (representatively comprising the.
application step, the exposure step, and the resist
development step) in order to produce the semiconductor
device. 1In order to enhance the image formation

- characteristics as deécribed above, for example, the




37 BEL 2004
characteristic is actually inproved when the exposure condition
(for,exanple, the exposure wavel ength, the nunerical aperture of the
projection optical system and the illum nation systen) is changed, for
exanple, the follow ng procedure has been hitherto adopted. That is, an
i mage of a |ine-and-space pattern having a |line w dth approxi mate tobtheh
resolutiong ihmt .is projected onto,a fer plied with photoresist by the
aid of a ngFg%FFgﬁ §8P%€aﬁr§y§B8RFeEo ogxﬁﬁﬁlgprﬁBrfiﬁgpﬁFBFHsof_the
resi st pattern, .whi i s_obtain af t evel opnent .of . the wafer, is
nezgﬁreg w#ﬁﬁttﬁg’s§§ﬁ A € Fgggﬂoﬁfngé?o§§88§gngkfghﬁanBFaPﬁeﬁhﬁesuItdof
the neasuregent. i s conpared with the data havi ng been neasured and stored.
However , i%xpﬁgufgsge %ﬁiEwhEFﬁBﬁg’ %befBPWSEgHGEiﬁBSﬁ@Bﬁ?eﬁ@etQPises.

That is, the equipnment for _performng the evalugﬁion i S expensive, because
“the scanniHﬁoégg5ﬁp8nOPF&PagcﬁﬁﬁtF? g@q&PFgﬁa?ﬁ ad@Pfi bRt 8%Fhe exposure
apparatus. .Further, .the operation to performthe evaluation is conplicated,
and t he pe}igﬁm&PaFFﬁﬁ FgggﬁpeﬁuFBra?hEBEVEPGé?FSH idl3mingfippcispos
prol onged. .In view.of the above, in order to conveniently eval uate the
i mage fornﬂFVSxOEﬁQracteristic of the exposure apparatus, the follow ng
eval uati on nethqod has been sug ested, as disclosed in Japanese Patent No.
2530080. That i<P SYBfEr &P &Y gFaF€5h9Wth5aﬁFéBﬁsf&FEaFéPﬁed on a
sem conductor substrate by using an exposure apparatus and an etching
appar at us. © ﬁEagnglﬁFthésr@EFgPBFYpéFPEPHeﬁsW f8i £B&t P¥Pa&LELNI ned by
measuring resistance values of the resistor patterns. As described above,

t he nethochBﬁlbéPPoKﬁPﬁgeﬁﬁ@9é§alEﬁ?iSHPP§P§?iVéV?1GBH§Bmiéﬁ?ly has been
hi'therto suggested. for the inmage formation characteristic of the exposure
appar at us Bgﬂﬁﬁ?cﬁﬁmépﬁFF“FﬁeO%iHQP Eﬁﬁé@cgﬂopﬂépéﬁFé&ifY5§?@grﬁn€f t he
. . . g
char act er i EhPc Lot RS 0Es G S aPpar it GEABALTal %e',r”%%%meiémbfé”ﬁy the
neven applicati on caused when_the photoresist is applied onto the wafer
aﬁtx a rEEFQETEHéPErPﬁﬂﬂegﬁéeuhé§eHQBEVEFBBﬁﬁﬁP edapégdnheRbafke ifaf an

bhot oresi st) is devel oped with a devel opi ng. apparatus. Therefore, it is
ggt easy tbmégﬁlﬂ t 8 HgerﬁﬁgéSPBFﬁaPPBﬁeEHaPQHEBBi§tﬂén8fwﬂﬁ§heéposure )
apparatus alone after the exposure apparatus i s once .incorporated into the
dgeice-proﬁBBFﬂﬁlWPﬁg %ﬂcFﬁSiﬁG?oiBFggRaﬁﬁméF tRePredrstedogiér, at he

i i ng apparatus, and the cooling appar at us.
developlngwggggrgﬁgiiggewg% pﬁotggesgst by the aid of a %ro%%ction

optical system. For example, the line width of the resist
pattern, which is obtained after development of the wafer,
is measured with the scanning electron microscopy (SEM).

An obtained result of the measurement is compared with the
data having been measured and stored. However, in the case
of this method, the following inconvenience arises. That
is, the equipment for perfdrming the evaluation is
expensive, because the scanning electron microscope is
required in addition to the exposure apparatus. Further,
the operation to perform the evaluation is complicated, and

the period of time required for the evaluation is



3 17 DEC 2004 On the other hand, in order to respond to further advance
of integration of the sem conductor device, it is necessary to inprove the
accuracy of device production as brought about by the enti r@?iggp@%ﬁghy
system by optim zing the performance of the individual apparatuse g

i ncluding, for exanple, the exposure apparatus, the resist coater, and the
devel opi ng_apparatys which are included in the |ithography system The

pr esent in@ﬁﬁf?gﬁe as been achi eved fromthe viewpoi nt as descri bed above,
a first object gf whi ch jés to provide,an eyaluating nmethod for effectively

eval uating the perYorfehtet®F FRAVSr dlBl OLPphr BP USSRVEREBRBLY ated into a
Iithograph% S¥St€n1 ﬁ\secondofb'ect.of t he gresent invention is to provide
‘a method fBVetYattatifg e O%EEE%??nﬁhéx FHeby apRyo Sy EhenPXPOSERr to
i nprove the device-producing accuracy of a lithography system A third
obj ect of TREARFELEn: CHREAFIOAING ¢¥abhatien BetheRobraphyeByst em whi ch
makes it possible to effectively evaluate the performance of individual
appar at useSUTARBT Pt AR FHFTHOTFR 1t FRBRBPHS g?%?%ﬁ]“@urgﬁ%QPB%-fourth
obj ect of %ge present%janventi on is to _provide an adjusting nmethod which
mekes it pOSabbler t?d REFILY 25t rehhther ePREEPERS oarg formed on a
substrat e- processing apparatus for constructing a |ithography system
t oget her w ERLGARRYDERYrEURSHER LR (RY WHiNg 3R oEHRPSBER c@PPRFAERE pRsent
“invention is to provide an exposure apparatus which 4 17 DEC 2004 nakes
it possi bI%nt%t‘Elg?'rl‘?/ WhAEH 2y al Tk i Az Rethobhasraeistpbepahbove. ISUMVARY

OF THE INVENIICN A first evaluating nmethod for a lithography system
accor di ng PAHRECHlesdpterhiRed iloh FeRsUFAnGnr evhf tARFAgvAREASdOf oFhe
- lithograph [ocess conprising an application step of applying a
phot osensi%?gbsmeﬁ’?%{g?%' exposure step, and a devel opment step in order
to forma predeterggned_developnent pattern on-a substrate applied with the

phot osensi ti ve #atFFH 1Pt AR uathaguabhod dfenperEprgingpbieng t he
substrate % to yw% applied with the photosensitive material with a |ight
beam vi a a'V%%QﬁE%R rﬁéi%ﬁ%?ﬁ*y(%Rﬂy?%i%@t%Y4@?S4@?eEZhAFBGEEF); devel opi ng

t he exposed substrate to form a devel opnent pattern; observing a state of '
the formed YT T 0% elPrge i Emabion whakagpeeishichpEkhles, a |ine
width, a length, and a position, and determning, froma result of the
observati o %ﬁfulf%a%ﬁp%%et‘?saﬁ%ﬁn%f HOEPPEY cathontinel oshpRAepEnthen t he
application, step, an exposure factor inherent in the exposure step, and a
developneﬁfl?%ﬂiinp?ﬁl Bt ithe ReMESRIRFEPF devkcaniehabfeetedt pet

devel oprrentlbf)atter respectiyvely, jndependently fromthe other factors.

Accor di ng Y5M¥ Y o age, P CRAEATHREL HETeOf the exposure

apparatus but also, for example, by the uneven application
caused when the photoresist is applied onto the wafer with
a resist coater and the uneven development caused when the
wafer (photoresist) is developed with a developing
apparatus. Therefore, it is not easy to evaluate the image
formation characteristic of the exposure apparatus alone
after the exposure apparatus is once'incorporated'into the
device-producing line including, for example, the resist
coater, the developing apparatus, the baking apparatus, and

the cooling apparatus.




5 : 17 DEC 2004 the concave/ convex pattern of the photosensitive materi al
is formed on the substrate by actually exposing the substrgte applied with
t he photosensitive material with the |light beamvia the pr it

eval uating pattern, and devel oping the substrate (photosensitive nmaterial)
after the exposure. In this procedure, for exanple, the field for the
substrate during tgﬁ%exggsure h% set to.a predeterm ned narrow area so that
the factor (for 2xanpl 8-l thel?ifgelR oPhREF oh® chEFReREr FRt FRYtRGhi ch affects
t he devel o nt patfern_in the expgsure ste exposure _apparatus), is nade
to be appr%&?ﬁ%f%l9£cbﬂ§?%ﬁ??l?ﬂ $ﬁi§£§i?ﬁﬁg?éﬂ? ?F%rdggg opneht Pattern of
t he phot osensitive n@terial is forned, which undergoes the change of the
factor whi BRCBFFRLY sT¢ ht™BEQEF opPenRCHRAEREY nOF ndehiCaphF PAuE 67 st p

(appl yi ng aratus) and the factor which affects the devel opnent pattern
in the dev@f@%ﬂ@%ta % d?ﬂe@%?O%Pﬁbr%pbéFB?ﬂE?Phﬁcﬁﬁﬁﬁﬁﬂgp¥, for exanpl e,
the thickness.or the djistribution of the |[ine wdth of the i state of the
pattern i sCRERELF LRI FhesPerherBaprecafi bher rdivideal areabRkuUS@feven
application% fr i he dgvelo ment factor (for exanple, uneven devel opnent)
can be evalBGtedPespklti GERYPleyr Eher eXpRguBeVAPBARRRES patherFesiSthe

phot osensitive material, which undergoes the change of the exposure factor,
is formed §92%8Y ¢ Mt HeerdevalonipagaPRarakpesuhichorrentnglpdedat’ to be,

for exanple, an. area which is wide in approximately the same degree as that
when 6 19h%2%9€@®%r%9H%v$%%t%%ttern is actually subjected to the

exposure, and perforning t he exposure for the eva[uating pattern at the
periphery of thER®iRFESERR {nyentiee, han beaerachiavedghremt Beei nf| uence of
- the change of the application factor and the devel opnent factor, for
exanpl e, tY%@%ﬂ%%%Eté%i§?$%rb?e@h%bﬁiﬁosﬁr§l§§Ep°Pé§%BsﬁfeWha€bo¥§ Ban be
independentlg ﬁialuated by ayeraging measured val ues_at a fluralit of
posi ti ons BFCYHE® s¥hstYatéatingipeshed oteBuetiechivel it evalughengathern of
t he photosensitive nmaterial can be neasured, for exanple, by using an
al i gnment BRREOFMMNGTi Aot rdivideabxppRAF_atuppar ARCQrPIRakefoiBtot Be
evaluatiozlcgﬁ be perforned easily at low cost. In order to execute the
eval uat i ort HENRFMRY S Sbe, RheceQaf uabingtpaft BRA BESEREI ude i nherent
patterns for deternining t he agglication factor, the devel opnent factor,
and the expVETFELIRCDHrT? REREL(G R yRehed cERY avalBating AREAGE for a

Iithograpq¥ system ) ) ]
djusting a lithography system in order to improve the

dévicemproducing accuracy of a lithography system. A third
object of the present invention is to provide a lithography
system which makes it possible to effectively evaluate the
performance of individual apparatuses incorporated into the
lithography system.

Further, a fourth object of the present invention is
to provide an adjusting method which makes it possible to
easily adjust characteristics of a Substrate—processiug
apparatus for constructing a lithography system together
with an exposure apparatus. ‘Still another object of the

present invention is to provide an exposure apparatus which



according to the present invention lies in a nethod for eva@%pt' 2@
| it hography system conprising an applying apparatus (54) for aégﬂg' @Qa
phot osensitive material to a substrate, an exposure apparatus (50) for
exposing the substrate applied with the photosensitive material, and a
devel opi ng apparatus (59) for devel oping the photosensitive material; the

t hod . Si i t t 101,.120 28) . of i th
Bﬁotgseﬁg?@%bgéRgggP%g%i%%sogghéggggg?PgtEhﬁyeggiﬂaéfﬁ% @gﬁ#ééﬂ%sapgaratus;

d . 7 2004 t 105, 123, 131 f i th
Suggfggtesggg Z%ﬁeéﬁ?ﬁ§§%é phogzsgggitive naterial)mfthegpffbﬂg begn1via an

eval uating pattern (36A to 36C, 48, 49, 62A to 62F) by the aid of the
exposure apparatus; a third step (steps 106, 124, 132) of devel oping the

phot osensitive nmaterial on t trate by using the devel opi ng appar at us;
a fourth step (steps 107, lfgﬁﬁﬁggf(¥§§§ﬁb#ﬁ&§¥ﬁbﬁ%g a devel opnent pattern
of the photosensitive nmaterial on the substrate having been subjected to

the devel opment; and a fifth step (steps 108, 111, 126, 134) of evaluating

one characterisjig.of, a characteristjc qf _the applying apparatus, a
characteristic fffﬁ%teﬁﬁﬁgﬂ?ﬁlﬁﬁpﬁ?ﬁPﬂg,fﬁﬁdaafgﬁg?ﬁg?ﬁﬁﬁs?Y%tﬁm t he
devel opneng ap ratu 'mg'ch affect the develognent_pattern respectively,

i ndependent Ty f&bﬂgtﬁ% bﬁe?rﬁﬁﬁ?ﬁc%EV?gFFeg, &St HR PAsP¥abpabingsul t  of
t he neasurenment iﬁ t he iou th step. Also in the second eval uati ng, nmet hod
for the IiT%%@?%p - sYs éﬁ#ogﬁﬁp cBEPEFHT neoMBhif 489 e P stPRLGFAREB Rt rary

one of. the | yLn aratus, the exposure apparatus, and the devel opi ng

appar at us %gﬁgﬁgke%ggfglgga?UBP%H°§ﬂH§bEhH%n?$€e¥%6%7tﬂ% BRBPERY¥€ri stics of
t he ot her aﬁ aratuses, ,in the sape manner as_in the first eval uating nethod
" for the |i¥ %Efaﬁ%@ 2y dPEF OPRERE SLERt FBAOFERT cbAJfPTBnAt hat t he exposure

apparatus-coq%r{ses.a @r@éec ion s sten1éPL) for projecting an_inage of a
mask patt én ORI HRESUDSY PatRmedh Pakherdion a gybpiradvgoarphéedval uating
pattern may. be projected onto a plurality. of conparted areas (SA) on the
Bbstr at o FHiD SACH Ehatar i fel HATPEIALS chiht JBng LIAT RO RebBeRve 1 ol d
of the prq;ection.sgsten1in t he. second steg; and the characteristic of any
one of the A7 HYT SFpPRPaLRS Gha FRRSHERER opVhgtApPd) aRbRLIA8Y WetBval uat ed
inthe fift,h step. Aterpativel an_image of _{he eval uating pattern may be
projected‘%ﬁﬁcpgékﬁ?ﬁ%ﬁ+€§vﬁfm%%ﬁﬁé?%éﬁlgPe%slfﬁi§ BRaRhEi& B8t rate t hrough
a predeterm'a cjgude are £35L3%& an g%fec%ive field of the projection
systemir1?%e'§%c%%% %?%g? %n yt%h BetePrstic BFAtHR ﬁ?%ﬁéction system
(for examp he, | e formation characterjstic) of the exposure apparatus
may be evz1%ﬁﬁi§?+?éf$k@f?¥?%s§ eﬁ?b%%¥?5%rF°mﬁ%%mtﬂeé%Yﬁggﬂ?%nEpparatus is
a scannin osure .type exposure paratus for expQsing the substrate by
_synchrono&gﬁégﬁa%1ﬁab%gﬁ%éﬁ a%dSYﬂggs% sF?%t%?r?ﬁéng?ﬁﬁg?ﬂﬁﬁﬁtof t he
evaluatin ttern, e proLected onfo the plurality of_conparted areas
(SC) on tﬁgﬂgﬁﬁg r %%?#$ﬁ%£to#%5ﬁ%§aWP ﬂ'a@sEghﬁkﬂﬁsﬁxpﬁsﬁ%%enﬂhﬁEPrin t he
second step;,.and .a dynanmic control characteristi¢c of the exposure apparatus
may be evé?dgFgﬁj?h %ﬂi i PR LB %ﬂé é%t%ﬁﬁl%%%ﬁuafFﬂB ﬂe?ﬁ%HlFo?gthe
.Ilthograpm&e observation, at least one factor of an application

factor inherent in the application step, an exposure factor

inherent in the exposure step, and a development factor

inherent in the development step which affect the

development pattern respectively, independently from the

other factors.

According to the present invention as described above,



system may further conprise a sixth step of measuring theéfhs&gésion of the
|l ength in the nmeasuring direction of the devel opnent patt 13084

phot osensitive material forned in the plurality of conparted areas on the
substrate; and a 9 17 DEC 2004 seventh'step of eval uating uneven

devel opment of the devel opi ng apparatus. The eval uating net hod may further

. . ; Lvi N e Cal
another _supier PaCag (EoRuefRB-EhEryi oF EBRaPaRTEbea Fr ivn BeBer 67 xposi ng
;Egtggg;g??$3£6%%§%P?%F£%§l%&%?%ggF%;gsaggﬁﬁﬁgfgiégg%%iégrﬁﬁgifferent from
th I i i to th |t f t ed h

substr at o TPPBEEACE BPRGLrd it Faat i cehat eferf P RE GFTEEF Fo0 FFERORE (e

j ecti t ent t f, devel opi he, phot iti teri
xposed | nEHBETPRER SERp nErRrSRCEPEUEREn SYRbnor CRaaPOREerEy argd
h terigti f.th ect] t f th b

measur i ng ACUEVEP bRNERES EbEFRRtE RECHABEREEHIYEI Bat Retat] af THeel oped i
the_tenph_géep. The eval uati ng. met hod y further conprise adjusting the
proj ecti on"8§GsTERYPRE GecotBa %SwPfﬂc?%E 8vaf okt SHTR ?ac?@?lt%? dof the

rojection_system en the exposure apparatus iS a scanni hg exposure type
gxpgsure aB%%r%ﬁﬁss¥%?gﬁ§€%s$ﬂgl?%etgﬁE FP%f%rﬁyl§yﬁ%ﬁr5ﬂoﬁgly ﬁnving ayp
mask and the u@strate' then the evaluatjng nethod may further conprise a
twel Fth stEECOFCapBiYFhRRRECPHOTER6RR  EPOE RiEob RGFOF ol BOF cSFARRbEY rat e by
usi ng the | vi ng appar at us: thirteenth,step of projecting an i nage of
an egaluatfﬁg %ﬂggeoﬁgﬁm?ﬁéoﬁl%?%???§e6+SE6ﬁbaEWEBcgr%tgeﬁﬁsgﬁgesubs?rate
in accordance with a scanning exposure manner 10 17 DEC Z004 to expose
the phot os%ﬁg?%%e%t%?FE?]f al? obllE cBRPRSUF B pS BEP dEFEPSPIRG t he
phot osensitive terial expgsed in the thirteenth step; and a_fifteenth
step of ob3RPITA “%F}d é%a‘]“%g‘?iﬁ% Be JRRRPELERRE 3|°€H§F%€Feri Ipi Ehif the
exposure a ra ) third evaluating nethod for. a |jthography. tem
aﬁgofging $g€?ﬂé£%?95 %?IéﬁVﬁﬁ?P%ﬂn#iggtFﬁanoEvEPﬁaPﬁﬂEogﬁPE6§l$é? a
i thograph stem conprisin . exposure apparatus. (50) for exposing a
subst et o RARUEbEl 58 TP TRea” b A SRaHeT o RarBe| Spanghqof theP°®! M

bstrat e- processi at 1) .for_processing the bstrate during at
Const one TROEEEREcBRRRERHES ARt arBriOBReER  BA b RER e BothPe of the -
phot osensitiyv .na%eriali th erIuatinB net hod con&rising transfﬁtang an
evaluatinga%%ff%? 13t B eRe  PRBLHLRASAPPIEA R & 28 BYeuSPREOLhEhic
lith h t f d i : i t at f th
Lranafert CHETVEES: tAR APRALERRGRR: pStESEn B e RheLieRal GERERFSPEEDOr 1 ho
exposure a§§g§%%us.and a characteristic Qf the substrate- roceﬁsing

appar at us CBLYRY 2BPALAYRE Nt DFCPhe R ar ERENEFABRLEr dFRG to this
an_be evaluated W th _ease b
valu dﬁh ﬁ y

oval el (B Gdhs 02 R APLELIBLLEoRa0; DB ERLLE! St Neopre bY

rateri al aéég etgg £ﬂgn§£€{érn is measured. Thus, the application
-factor (for example, uneven application) or the development
factor (for example, uneven development) can be evaluated
respectively. Further, the development pattern of the
photosensitive material, which undergoes the change of the
exposure factor, is formed by setting the field during the

- exposure for the substrate to be, for example, an area

which is wide in approximately the same degree as that when



In the third evaluating nethod, a size of an area of iIIunﬁp tﬂggéﬂm t he
eval uating pattern nmay be adjusted depending on the characterisTi ﬁ be
determ ned when the 11 17 DEC 2004 substrate is exposed with the

eval uating pattern in order to independently determ ne the characteristic
of the exposure apparatus and the characteristic of the substrateprocessing

apparatus. _The eval uating pattern inclyde patterns to determ ne the
characterigtpgvb?etR@EEQgBS6Feaﬁﬁﬁgﬁi¥u§ugﬂ80Fﬁg ERaF8Et E¥PLFRECof ARfle

substrateprocgssim agﬁaratus resp%ctively, and a,develognent attern of
the patt er REESPFRLPInGN Ry SFBOERESchAFathEr FYRLEAE NG PRAGERBNAENERG
determ ned na Ee obs%rgﬁd. The substrat e- processi,ng apparatus may include
an applyinBeﬁéB Fa¥uSts eaﬁb?iﬁng tRetBASt Ga88Rsi fPvETHEEeFPalRibAEB Ehe
substrat e, ﬁnd.a&Eeveloping ﬁpparatus far devel opi,ng the photosensitive
material f5Pfred™ W EREReCtr KRS ERRBAS RhgEkheaabBLaralirB SaFEPTadBiner
aspect of gne ﬁres nt invention, there is provided an adjusthg.nEthod for
a subst r at ENFr BEBESPRYSREpARSFAE - (50 GKARRLEonSPPt Ghasagtrrifbdraphy
systen1togehher Wi th an exposure apparatus (50) for exposing a substrate
(W appl i elihGi EKPSSPREt 85ERs( EXPESHRLLREFCENICARI PR dpdgPenfRBtilbstrate
during at | east one process tQ be performed before or after the exposure of
t he photos@ﬁgiPFgﬁdngfeﬁyﬁF?gﬂﬁg REPEYLPAgVAREREd a8 oAPPILYKAGitYafSf erri ng
an evaluating_gattern onto the ghotosensitive material on the substrate by
usi ng the PPERGGPABNYPsTBRefPECE8ERa TRafibiEr PEACEAHEE, HBEsEERRE a state
of the transferred image; and detecting a characteristic of the
subst r at e- BfoERBEsPAGt8pBaPAt thei RBebeRaBALLyVEr BAtgrial cap bec 2004
- characteristic of the exposure apparatuys on the basis of a result of the
neasurenen??aﬁﬁEﬁgdiﬁ@rtSXPHP%eadFESPPthnéphéé}GPﬁén§té?éSPFor exanpl e,
resist pattern) of the photosensitive material after the transfer is
detect ed, BRAVEAEY fAE ERSr gXPeFnEe arpprrakEssubIheaeEoseoctlSi ng appar at us
can be correctly evaluated on the basis of _the result of the detection. The
substrate-ﬁVSEBéEFﬂﬁ SPBabst BerfayPAc P84 1N akppPYi R§SEppakat GEAEET
appl ying the photosensjtive material onto the substrate, and a devel opi ng
appar at us F8rS3eGRE6pFRE eHalPRELBBeAS HPFETrARES: ARPYRor #B8 With the
transferred i mage., The adjusting nethod may further conprise adjusting the
-substratep?EEéEgFﬁﬁgaBﬁEFﬁfﬂsmﬁﬁeHHFHEdGeﬂBB?§&n§hEﬁ§§?§Pﬁs?Pé does not
satisfy a predeternm ned value. A lithography s¥sten1accordin% to the
present i nY8hEFBANLREsThA QPP?%ﬁ8§ﬂ83h3a§ Stem-h&r IEFPAPRBICR L pLEFELEr ni ned
devel opnent athern on a substrate applied with a photosensitive material;
t he Iithog?8§h§ SySEBRAPEBRPLASFRY ARSREEEVARGYappar atus (54) which applies
the photosensitive material _to the substrate; an_exposure_ apparatus (50)
whi ch exposes tfeS€GBeH Va1YBHEPEINRERRD fEXpROLISBRITAPIY SYEELMAl @ a
devel opi ng apparatus. (59) which devel ops the exposed photosensitive
mat eri al ; ﬁcggﬁ@FBH EésF f PYSseRbi dRVEBREPHI 4 1LFe 1Bx poBGtEodpFaTrat us so
that the substrate, to which the photosensitive material has heen applied
by the appPYRhBahpPdrat dithprgrappyseyshemncampyising an applying

apparatus (54) for applying a photosensitive material to a
substrate, an exposure apparatus (50) for exposing the
substrate applied with the photosensitive material, and a
developing apparatus (59) for developing the photosensitive
material; the method comprising a first step (steps 101,
120, 128) of applying the photosensitive material onto the

substrate by using the applying apparatus; a second step



17 DEC 2004 |ight beamvia a predeternined eval uating pat t,,ﬁ[nogtw‘l aid of
t he exposure apparatus; a sensor (23, 24) which neasures ‘a state a

devel opnent pattern of the photosensitive material obtained by devel opi ng

t he substrate exposed by the exposure apparatus by using the devel opi ng
apparatus; and a judging system (27) which judges one characteristic of a

h teri gt f | yi t us,. i Sti f.th
apparat us, \Sears 4887 2PRY 480 B ERE R EhR Gk rPAruaBRATER af foct

t he devel o t ttern r. . vel i_ndependent |y .f t he ot her
characreriE?FQSFB%nbtogoggigg%b%% g&#& gyl% 8rﬁﬁ9h§2£889ayﬁédaﬂy t he

sensor. Acgordi . LS it aphy st t he aracteristjics of the
individual%ggggggﬁh§e§g%§Fr€oRggéug iﬁg%ﬂhggéyépénggﬁn Be%%EASEVe&%e

i ndependentl.y, .icn [ t he nmi_nt enance can, be easily perfor . and it is
possi bl e t%l OPE\%W%E%% e pAtt BPRAKAHSA ﬁi&ﬁéf d@&ﬁﬁe(ﬁFeBégggécy. The
eval uati ng th f th resent inyention can he.carried qQut by using the
Iithograph%agysﬁg%ﬁ ?%e%§§ﬁ§8plﬁﬁyt a?hpéoﬁ?nﬁé§§yeoﬁét8flﬁ e@8nthe
app|fcati0QuBEtEQ%ep otosensi%’ve natﬁrial, uneven develo%nent and an

i mage for nBblon. char act SFidfi £hgr dEXE1oRIguARPAEBAISF ud. TPHE tBx B5SEr e
appar at us i.nc e roj,ecti stem whi ch projects_an i mage of the
eegluatingqgégkgr%thtg1@Heh§§bs3B§5g°§nHQQSPFéPg BEQSHPAQEWﬁHth restricts
an illumnation field, for the evalyatin attern 14 17 DEC 2004
iIIuninateggkgefﬁeogrBﬁgcPﬁ8§°§?§?éﬁﬁV§gHgFﬁ§1€&nPPOFh§y§P5ﬁFﬁ§§econtroI
the field HE@ hragnrde endin n the chgracteristic to be jud%ed.-A sensor
provi ded fof ?Hg e%ﬁBsEnggﬁgﬁaaFﬁstﬁﬁy F¥ehopiens it ABdsanddtthe 8ELPLed
above. Acc iLnal th hatacteristics of the applying apparatus and the
developing?égs ?a¥8§'c3ﬁ55e52§a|ﬁa§§d° '?HPhu?ﬁéggyéP@%F%aEHSﬁ?rFﬁF#Sducing
any new sepgo E to tge system I% i S engu h that the devel oped pattern is
returned to tée g?ﬁSg ?glggbﬁrafu hg4aPR X&BﬂgaRP?HaFﬁéproduction_Iine of
subst 1 at o, CAREBF R aCSBE FhangrRePuAE BBPaR Ll BRsENt | nventi on,
appl i ed w FR b P SSEHE: PPy ENARErEAPENFRE SUPRGAFUBOH LT haa TRESK. (R
1 um nat ocieraeReEhbRehEiBatParl EPabectiy ey podnarBRESEhE EusSORat o) 4
vari abl e f{ﬁédoghgghrﬁgggﬁﬁ4ﬁﬁ ﬁhich chapges. a i. size of an_illum nation
area illumnated by the rrFhiiattsna QQSggﬁijSFFrQ 2eRSERLE22Y Hhech

jcal ' di h f f th
measur es ??Q§¥§£8ﬁen9u Q;%@ér §ﬁ%§ﬁg%ﬁg'ng to a shape of a pattern of the

phot osensitive TatEérra Bt of the substrate on the substrate
stage; a seconqu$ he pattern of the

3) _whi [ti f
phot osensi tive e gf?él?é?%g?c%ﬁg ggggﬁé iﬂatﬁgghPhgggngFPate on the
.§Hbstrate fi@ﬂgérgggyas&%Q%ﬁ?gtﬁgségghggg}m%ged characteristic of

arbitrary one of the applying apparatus, the exposure

appafatus, and the developing apparatus can be easily
evaluated independently from the characteristics of the
other apparatuses, in the same manner as in the first
evaluating method for the lithography system.

In this method, on condition that the exposure
apparatus -comprises a projection system (PL) for'projecting

an image of a mask pattern onto the substrate; an image of



- 17 DEC 2004 which evaluates a state of the photosensitive nag?rbgl on the
" substrate by using results of the detection perfornmed by the fi £ Qﬂﬁsor
and the second sensor. The exposure apparatus of the present invention can
eval uate the characteristics of the applying apparatus and the devel opi ng
apparatus. Therefore, when the exposure apparatus is incorporated into the

cystom and Ehe ooy adn b toF T auy, Sl Bl s el o Pt o

system and the perfor n be maxi mal’l

further i MBoAkA el ASUEATEAY! SR pdeucl aRTERL RALIER Of the device. The
p

eval uating nmethod of the present i nvention Can be 2 ed out by using the

exposur e apRaAkuinihn SXRISW S ARPGLALYS iff SIS BLesSnL el Lan Ry

further conprise a projection system h projeg n |ight

oeam {10m e PHABASL 0B SKRLETLONG LIS APSLLAL pull 8000110 Syt

may eval uate a i'on Characteéri tion system by

[ t | : [ d th d . Th i cal
quanti 1y meBeoRerAPEces SV AR R, S5, BV E Rt R BrAR i anin N o o
f th h A ' includ | i cati f th
phot osensi L Lye oter; aPpasatin UK he\eV8TndRed Tno Bepband akpRratus may
furth [ . 0l .whi ch I h iable field
i aphr g wher STt R TRt Y61 Dy SlatEna) Mike SYaHIAGIASER AR MRy

i abl e fiel Ls i . th t f the 16 17 DEC 2004
;ﬁg;gseﬁsi%?vgrgagg?%ggggkgtﬁgﬁgﬁgggﬁgggngC§W§F%§258a£§agoﬁﬁgﬁeanmﬁth when

The second SeneaPebFAYCACH PBIE: RcPERpBEaFB ERaF4aHs SFEg RESdsad ABL onl y
the devel opeeet cone: *4PY ok ERBChEE Rrnhe e oFar ho thavserane w ih
Accordi ng T60gi i PPgRP EBRra Rk BF S 6 PhecRe Bl RbERpRoAy Faw: dtps
Cyetom comerrng cheP RS, BlCTln Srt oGt aR etagnent: Phemmterial onto
of “expos: g The shoppaf 2 PR Hr oA BRA TR R sbthE: i d2hakePial with o
et ined above: SRk oreR PR hPoR e PRBaBARGS ERaP FrRDRIPEr i al on

th bst i t ' t defi b , f th
tep of MRt TR o DR P ERRENFe RbPEr AERF" PR aBbePepaatbrorokakertrve.

e By By Rl IATy hIRChn T Ehi 0 PIE SRS LT O
, d | SLi f the d l. opi whi ch

PO RIS A S A RLBAE falhe e BRSO B

character ot 00 SPSBA B0 85008 | bt b NS RRURETSRR RS 00 ™0 1!

having th teristc i d ith th | uat ed
ohar nct er 1 et GE I OF Sl o SuBGE T TSEREE | TrsPheGeERPRY St eps by

using a p n orm ng. the device in place.of.the_evaluatin attern
after theq%%j %t%égnéﬁ%QA%ﬁ#éxéé?F¥% %$§¥%C€?EbstcoBFaFﬁetﬁ§ngB§?rate on
which a d tern f formng the device is formed. According to
t he met ho?ﬁ%&%u@ﬁ@b% he' & e‘%/‘?%%éndJe C'F]P‘Begl BBvECePt is possible to
produce the hi urate vice with a high throughput, because the
characteristicgﬂ% %éé?nélﬁxéihﬁﬁl%$dﬁ?ﬁﬁﬂge 9rmﬁhﬁhgéghggF?HP¥ the system

are i nde uat.ed and adjusted in a well-suited nanner. Accordin
a stillpa 7 é#X%g%gé T eﬁrﬁ?%ﬁ%i&ﬁna sixth step of measuring the J

dispersion of the length in the measuring direction of the
development pattern of the photosensitive material formed

in the plurality of comparted areas on the substrate; and a




iFnvention, there is provided a nmeasuring nethod for rreasu:gr?@f%
application state of a photosensitive material on a substra 17 exposed

by using an exposure apparatus provided with an illum nation system for
illumnating the substrate applied with the photosensitive material and a
detector for detecting a returning light beamfromthe illum nated

D8t L g e RSEULL 9 TR DL TP PRy BGELARYE G 2, 220
o0, o0t S PPl oA LR PSR o BE RIS BB gt ect o
o, 0o <1 ™ ARl LSRRI 8L S TS S Bl ad eI e
Bhot et I el G805 AEREEL AP L NERRE P BB N, Pinenu e,
b | RGBSR Bl o L, L BOMEENG AREbTL y8, Teeour
ubs r at & RYEDES biGbr i ByPae e ARELLET YLk R EPOLORETGETT on
0120109 OB M R R LS, DL ALt AB R, 1ES,
e Py N AT A 0By S b hand el 5o ¢
St AR PP A wi e BE A, o

i s exposed with.the Jight, beamyia the eyaluating mark. According to still
anot her aspect® ecfiffev‘%r}e‘s%ﬁ‘? ‘?%v@?ﬁ'i%‘?l?‘l’lﬁ%ni YHFo0T dcRdEEP R aSEFR ng
et hod for surjng. a vel gpnent state of a photosensitiye material on a
substrate(t’gE eev%jﬁi%slé%d%fe Lﬁﬁ%@o%ﬁn%&%‘éﬁr‘&aﬁ L0t BEPPFeYi HRAEBRth an
ilTum nation systemfor illumnpating the sub tratf ap lied with the
phot osensi?%@@rﬁa‘f%‘?‘i aﬁ‘n%n%nae FRRERSTOP bt SRR+ HACENT e®B¥ ning | i ght beam
fromthe illum nated substrate: the, nmeasuring nethod conprising 19 17 DEC
2004 exposiH IS SIS acf’éagb%ll?]é‘%pWYho? h%’g%ﬁ%‘f‘o%gn‘é]??i %’ép‘ﬁ%‘?’é‘?i al with a
l'i ght -beam via an eval uating mark; devel oping the exposed substrate; and
obser vi ng FPRIET S ihOH4 Pet e ot %ﬁ eje?/lg‘f‘%‘g’fiﬁ’lﬁt?r‘afﬂ QtinfReted to the
devel opnent, t Suﬁgisn the illumnation f‘%/St m andlllthe detector to _determ ne
the devel dphent: <t W IR cLRRRPSE HRr e aben e ng TRt hi s
met hod, th vel oprent, state of _th hot osensitive.material can be
Sy P T PeSiEh S & 4E3SRH S PERE™ e

i nspected W

exposure apparat.us can he used nore effectively in the_ lithggraphy process
or in the Efollp?%eocgtr]aoprhf%il Tt BRI IWIEJ\F‘IE? YL VV?NGS Fig. 1

shows a schemati.c arrangenent. illustrating an exenpl | i f hogr aphy system
accordi ng 1 a%anCteerﬁfosdi]rén?r?g'fh? r%r%?%%éh? i%ﬂ‘?‘f‘on.%&%ﬁ.tﬁes ?‘Xﬁf’t h
parti al cuéawa};s/tan arran%ﬁrrent depicti ng a projection Fi%. 3A shows a p
mark pl at SRR 5 B TR | FFRRTY ?i?%%h%ﬁgoﬁuﬁﬁg PPREQLYPan 49.
exposure ar atus_ sho inFig. 1. plan viewill usi(r at i ng an eval uation
Fig. 2 Ffﬁ SERIRMY 2 HaghitT e 6h BV F(ATHRPARr &Y 280V ERG & B25KC vi ew
IllUStra“éﬁ%E%héﬂgﬂﬁg¥fég£;n¥ﬁén the evaluating method may further

comprise a twelfth step of applying the photosensitive

material to a test substrate by using the applying

apparatus; a thirteenth step of projecting an image of an

evaluating mask onto the plurality of comparted areas on

the substrate in accordance with a scanning exposure manner.

10




. Fig. 4A shows a plan viewillustrating a shot array on 20 @g Ef@ 2004 a
wafer for evaluating a resist coater and a devel opi ng appL?a Q ﬁg. 4B
shows a magnified sectional viewto explain a nmethod for measuring a resist
pattern 49P, and Fig. 4C shows a magnified sectional viewillustrating

anot her exanple of a nmethod for neasuring the filmthickness of

bt orn w (h vebose SRBaRgLopearTti o nac FRLIRE A EolFERIbLATLCod BB ot ng
a shot arrgyyefo 11‘9@f€ﬁe gﬁo‘éé!éé %Rtﬂgeaxggc&ﬁ%i 89%8&'1‘3% §1¥§tem of a

proj ecti on exposure” apparat us nified pran view

11 ustr 2t g e sept At Pab! oLy Sgrg§9t8@n£ﬁ89§gé 46 shot, 91 zas. _the wafer.

Fig. 7A shoms a an vie I'ng a sho rray on a wafer

eval uati ngg and %)‘/ %8%%15% 8??&98&6 %f‘%’%% %@Ecprgj g@% gn osure

appar at us, an view'i mg at Ié to be
used for t?ﬁ% P @&gdure Fi gs. 8A and 8B show a fl ow chart |IIustrat|ng t he
former hal ? an eval uation sequence for the |ithography system according

nmbod B sh fl
chart i1 Tustrat i bha a8 FFChap PNEPhbAorabafunt PRRSERRRE RETYSR (he
| h 7 DEC 04 DES PTI OF THE PREFEI ENMBODI MENTS
A exomp! ads SR €3 ot PRESHRE BRI hoe. Lone wt b 2BeSERBIAF HBH bel on

s Bppt 1 ol 260 ﬁif hOdEanty APrERR S ggﬁaﬁis”+est€§r$%§§§”t nvention
h h f d
devi cor ¢ '%%é%ﬁ%s 2L B CBMaRYRY T, SkePES '&‘Bgsapef%ézﬁvcé";s an
. I Fi 1 sh
Schemat i ¢ ra%%ﬁn%l?v?ffﬁa%?%ﬁfé’ﬁg”%n?pgﬁéﬁi»sﬁﬁégéﬁfé SPLPHi s enbodi nent
Wth refer coat er - deve er S % E 5% whi ch, serves as a
subst r at e- %ﬁ%ce35|ng apLara u%rO?Es?ﬁgﬁa gdngs E3FR Bﬁfﬁgtaﬁn 7R
hanb f i 0 d
Goh the (ong HESUOE to BB Bh PEb LR PR SHE Co B RRE &L B kB fRER T P B0l y

the photosensitive material; the evaluating method

comprising tiansferring an evaluating pattern onto the
photosensitive material by using the lithography system to
form a transferred image; measuring a state of the
transferred image; and independently evaluating a
characteristic of the exposure apparatus and a
characteristic of the substrate-processing apparatus on the
basis of a result of the measurement. According to this
evaluating method, the characteristic can be evaluated with
ease by measuring the state (for example, latent image) of
the photosensitive material after the transfer.

In the third evaluating method, a size of an area of
illumination of the evaluating pattern may be adjusted

depending on the characteristic to be determined when the

11



manage and control the entire operation of the projection exf?ﬁﬂﬂ:
apparatus 50 and the coater-devel oper section 51. A transport’| amufor
transporting a wafer as a substrate is installed to traverse a central
portion of the coaterdevel oper section 51. A first wafer cassette 53 for
accommodating a | arge nunber of unexposed wafers, and a second wafer

cassel e 60yl S6EoTIOURL8,k o0y VBN 0L GuPDRL AR ovEkgPed
ond of Lhet22inalleRE,Z001 L BORRRE! chingRalpel st all s st berore o

shut t er equi ppe ansport- por Csurface of
th hamb j.ecti t us. 50, ' 54
for applyi RPa=ahe: sPbar bl RBE S BAE RGeS P B B bbRERRkRer . o

- bak 5 d of hot _pl t | i ke fort Ki th
Phot or ool SPEoREbing o pEPARaRES A cxBri RyabpRkiaduasbhors FagotnflidRe T

- baked installed i | [ o] he first f
Cassert o SHeFSCEAB BPofB e ExbBe B EArLP L AL 0 h BRG FRECFRFS si de

f f_the t t, i 52_ip th ter- I ti 51. Th
isabl o a5, PRESERBRT ng dpbaPatar SEEPREREaS. OF oF MExSHBFEra bR apparatus 1n
which a pipe for allowng coaling matﬁn tﬁ flow therethrough and a .
t enper at ur r%%ﬁiﬁinarapng?gPFea SPePhaVRhEy gBNBf AadBREEORBRBEr for pl aci ng
t he mafer_thgéeon, ?ng an aggaratus in mhiéh a heat-absorbing el ement such
as a PeltiBPCEPEReRE TECcRALHEER FPRTTREPHALLINHehBelNeFGRRRRFTERIBEAE- bake

ar at 7 for.baki th hqt L st th ft t h :
et or BorPSr HPAGPEO CHr F BaIpERRbOSH ERpbS P EOBRRETSa CBBFI ng. appar &t Us
58 for cool| t he wafer having been subjected to PEB, and devel opi ng
appar at us %5g$5¥a§8V8F8ﬁFﬁ§1FﬂeaBﬂﬁfﬁﬁggi@?Yoﬁn?ﬂﬂdﬁa?ﬁraBP YiRgtalled in a

aratus .50 to the second wafer

direction fromthe projection.exposure a
cassette 6OPRFHH u?hgogSappiylﬁﬁcgéﬁoﬁhgggﬁﬁas%Fagesﬂ??ﬁﬁéaﬁfOPF@ thensport
line 52. In thg g ojectaon gx?oiure apgaratus 50_of éhis enbodi nent, the
waf er W as®FHR&TE E85u?8 oBj BEY FVRPLRIhaPHAGALYS wWEPEr A€V GLRPRBIL} PRBhe aid of
a waf er h0|€§é?3§h T@e mafeg sta?e 39 | nvvgd wo- di nensional |y on a wafer
base 40 (s® eI LR PREPL AT gEOTBRBeY1ED TR FFanpgLarrgdeitans-
substantial ly ong.3m ex#ens'oglline gf t he centrgl gxis of the transport
line 52. A sli Fedsding, ?aﬁsé sBPPhARTi #SPSCHr PYehfByPRASERFI | ust r at ed
| i near noto long the first guide. er 42. A first arm.44 for hol ding
t he waf er %évé%gfapregh?ﬁ?af%bP§°5ﬁ§gag?PiﬁépPﬁtﬁBQaﬂﬁ§ﬁ8ﬁ éﬂE 8 ider 43. A
second gui r 46 i s arranged perpendicul arly over the end of the
first ggid%S%%ngggeZQFoﬁggﬁﬁﬁﬁd BPﬁfﬁ%E?o?BﬁglgﬁﬁéhtﬂanﬁéfEPtF§ 4rranged so
that it is lven_ by an upillyustrated |ipear notor along the second guide
ronber a6 L SHaSEEagn FrF e bRaEFhat wiFBnn Biostzeuarurtatis agod
osition f the watfer sta 9., Th econd.arm 47 is al]sp provided with a
Pochan: sm o7 SERYRLTE) fof e FRand ofwEcRpBhiga kifhi dubhpCoBenRa tSteond
gui de nmenmher, 46. del.ivery pin 4 ich is capabl e of making rotation and
verti cal ﬁ%@%%ﬁh?f¥%?dpgﬁf%?n#ﬁﬁaéﬁeﬁg?eﬁPbﬁﬁﬁﬁﬁ? ?BFlPﬁeaﬁaigﬁ?tigne
installed in the vjcinit o% a g&s'tion of in%ersec i on between the guide
menbers 4PTABSSA %S??i%ﬂﬁ PR nbeﬁ?ﬂf‘? PhotLERbwhYef BXPRENEEt PhgthRe
posi tions oﬁ { WO edge.sections.afg cutgut not ch) di sposed at .the
photosensitive material; the adjusting method comprising
transferring an evaluating pattern onto the photosensitive
material oﬁ the substrate by using the lithography system
to form a transferred image; measuring a state of the

transferred image; and detecting a characteristic of the

substrate-processing apparatus independently from a

12



24 17 DEC 2004 outer circunference of the wafer is instaqyeyEgr@H@d t he
delivery pin 45. A wafer | oader systemis constructed, for exanpl®&; by the
gui de nmenbers 42, 46, the slider 43, the arns 44, 47, and the delivery pin
45. Explanation will be nmade for an exenplary basic operation of the

| i t hography system shown in Fig. 1 in the ordinary |ithography step. One

sheet of ich is tak out fromthe first wafey. cassette 53 on the
basi s of ggég%%%ﬁhrégt%ﬁeoﬁogﬁec%ﬁ%ﬂ?%?eZﬁgp?gag?ingﬁo{?%gb?%l§H% r&si st
coater 54 yi e trapnsport line 52, and the.,phoforesist is applied to the
waf er . The¥ﬁg %?,O%OQH i TR T HESPRD Oreg?g?rﬁﬁggbﬁgnt b%|?%a93€£n9

successi ve I eat by, t he e- bake apparatus 55 and the cogoljng apparatus
56 al ong t%ét%?ghsgg?tgF?E% E%?raﬁﬁa?Pfgs HeP1SkrRYLEOT RheCFi HRE "arm 44 of
the projectjop exposure a ratus. ter . that, when the slider 43 arrives
at the hosPPPBRSERSERE e TRRRFFIAT: 2 Fhef iheybronniar 455 AhGoTo. ratt

gui de nenbgé 42t t hen_t he firs%.ar 44 is rotated, and the wafer, to which
the phot or 8878 te GRRFPSHCTiSLHE| PUetRa $PBRTITRAESTPFSFeS$ 94 to the
position A on_the deliver in 45 At this position, the adjustnent

(preal i gnnBRPFER u%e??%rﬂ%dg?5¥e?ﬁ%yaﬁﬁ?%“%ge?o?%tFBﬁ Ba%1E het cEher al
position on thﬁ basis of .the contour of the wafer. After that, the wafer is
del i vered T35PhE QEcHrG drhedvionng Fhej SubstraLe e eoe®#ENY 0adi ng positi on
for the wafer along t he second guide nenber 46. At this position, the wafer
i s | oaded JRPRTRHES JBAY 1HC 242N ¥R G oRPRATABUB NI PReARRI¥ENG  age 39.
Exposure i€9 eer%nEd for.respective shot areas on the wafer (referred to
as "waf er § BROHOTRRS LRPER UPRLPT AT BREM bR sF RS ERabRghaRd pRedet er ni ned
devi ce pat%ern on.a reticle as f mask. The wafer W_for which the exposure
has been cORPFETRHNY | PRALALESFRH é?%ﬁbOPh%ggEh%eP%%ﬁ%%@%S&B}Vaz up to the
transport line 52 of the._ coater-devel oper section 51. After that, the wafer
W successi BaYST pab st AT oyl i tRf et paRs L phked abpagat usThy addushEngool i ng
apparatus 58 ﬁ]gn the transport Iine 52, and it is fed to the devel opi ng
appar at us Be° %\rééﬁsfﬁﬁﬁ??ﬁrﬂ?mﬂﬁ?%ﬁ addngking nthe copbstEREBnvex structure
correspondiqﬁato t he devi ce gattern on the reticle, is forped. on_the

respect i vePE0TS AHRASC R T REU SR Vi RaiRbepked Shdractenisblendoes
devel opnent %n t he evelqg%agﬁgﬁgara us 59. The wafer W for which the

devel opme®ChaR2bEEhY &k 1R Y3 bRY- above, is transported al ong the
transport |ine Z}Iﬁﬁd it is accompdated in the second wafer cassette 60.
After the conpl®tTbPRITIRRY | FYFOGP aPRFOEILRY $OrtRRaphPESNBne | ot of
waf ers, whjich [ e ac onnndated%igwthe second wafer cassette 60, are’
transport et Yo &Pt Tibh i hEthQIERRBE BT HHEM 1 bPX ek QFPLRI Rhe
pattern-form QBStQEQS QQ as. etching and ion iqglantation and t he
resist-peeﬁ’}f%cg T %‘E. FTYELPRIETE PRLFFIN P t heSURFREALE apeitedi ¢
pattern which conforns to the designed fata within an al |l owabl e
o with a photosensitive material; the lithography system
comprising an applying apparatus (54) which applies the
photosensitive material to the substrate; an exposure
apparatus (50) which exposes the substrate applied with the
photosensitive material; a developing apparatus (59) which
develops the exposed photosensitive material; a control
system (22) which controls the exposure apparatus so that

the substrate, to which the photosensitive material has

been applied by the applying apparatus, is exposed with a
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26 17 DEC 2004 range, it is necessary that the resist p i or med
on the respective shot areas on the wafer Wwith a high d:@fgﬂﬂ%éﬁﬂé
resolution and a high degree of transfer faithful ness respectively by using
the lithography systemshown in Fig. 1. For this purpose, at first, it is
necessary to apply the photoresist onto the entire surface of the wafer by

usi ng the neygrd velad feQt i.hle ta t et
t hi ckness. S?condl Y, :%;[13:5485 ggsastary %‘%}r gﬁlﬁaﬂttlﬁlg é’xposelfrne%é'n%g%t he waf er

t hr ough t hg jRRldeHheO R ot iy ing ratus 50 with
a target anmount of expo urelgﬁ EJresot%flonﬁﬁg gﬁ%§ % %@I o that the

strain (di slesiir@y and nganifd %atde%l%r %rn)t ecreg&eg?as | ess as

possi bl e and the overlay accuracy 1S hereas & 035|ble during

the overl a S I ._t evel o he hot or esi st
YhHRASY s"ita.%’e”t?r{]et)év\ﬁa il o%% %[cﬁgjy%/ é’dﬁ@ip p

on the entire surface of ér un tP6n as uniformy
ﬁﬁ%ﬁ%ﬁ%@ﬁk%ﬁﬁﬁﬁ%%mﬁﬁﬁﬁﬁ%
(uneven app| [ o] t t he char cterl tic qQf the
projFctiona@?%%%@?%gégggggé&gggnggﬁé éuﬁgFﬁﬁtﬁﬁﬁ W?H&?tfﬁ?&chtﬁnd
overlay ac n e _characteristic o e
developlng%gg§%¥aF&§ gb% %gg%gL e&é ﬁ@aFﬁcFﬁF§s§ﬁﬁoﬂ'n§HF) are

i ncl uded i Iloma ranges respe tiyely. For this purpose,
t he prolec?| %9355 gggﬁgafatu%h§6a8F 51570% %eDgépfﬁﬁieenbodlnent is

1 ncor por at he cha r _eval.uatin of t he predeterm ned
characterlggpgggngfhgﬁﬁeglgbggég?erlg lctﬁg 3P Pé?ﬁo?ﬁgéréﬁﬁératus

50 itself ht t 5 d d tly f th

cha:azferlg??gs Q?fgﬁ¥ek?%e?g§%g§ Pl §29323§33c5 gﬁgglﬁé&Ytgn;hoﬁs a

- schemat f t 50 based th
St ep- and sSBACHRRGT Cof EFG ShBORFHER: <OVeNLFEr Rance 0 PG, DBian ATF

exci mer 'aéfrméthEeEQHEC?H%ﬂ?Mg en tgggﬁgﬁggnkgggﬂused for an exposure

| i ght source 1. Howeveér 06 usa FeSFRGARL -sour ce

| ud I I t 248 FZ |
(vavel engt fooSEITRA; toaeE5 ?éﬁé?g% %Féxé?%%?lﬁgg ApasachPghskartoni c
G h_h t h
Qalin?ﬁgﬁéﬁE?%I§F%§3?§13“§f “pB3Ehry8 ﬁsnSOrT%éﬁgﬁtﬁgﬁﬁéGI e SBERRMI L
| t [ d of
Uit Favi of ot BuP 2o THERt choapborAgnE ke, BHeRBifnof ReoRar i SRABeES 2hr ough

3nPfa§*2§tﬁgl?gﬁIE%t?eﬁ%@Im@ BB, betPebenniPaE B Fosm auafihcre
8L°¥Lieﬁa$€?€9§%%?I%I§eth§9ﬁﬁéf?5e§ﬁggs”%G?I%hﬁa%ﬁipﬁﬁbﬁbgv%ﬂgeﬁﬁﬁé?I§ﬁ'S‘
(reauency qochiy|oe eAET LBl Ik PLinCThEbaToBkr LIS, SHROBYY Sebhl g
28 17-Ef%hgofﬂtﬂgéfaﬁhfOQ§£QQQPS|y or in a stepw se nanner.
The sensor may measure at least one of uneven

application of the photosensitive material, uneven

development, and an image formation characteristic of the

éxposure apparatus. The exposure apparatus may include a

projection system which projects an image of the evaluating

- pattern onto the substrate and a field diaphragm which

restricts an illumination field for the evaluating pattern
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The exposure light beamIL, which has passed through the vﬁEi@Pt
| i ght-reducing unit 3, passes through a beanshapi ng system congwgéd of

| ens systens 4A, 4B, and it conmes into a first fly's eye lens 6 which
serves as a first stage optical integrator (uniform zer or honobgenizer).
The exposure |light beamIL, which outgoes fromthe first fly's eye |l ens 6,
passes along.a first.lens stem 7A, . an optjcal path-bendin jrror 8, and
a second I%%%u%§2?€%97E¥ Bﬁ PEOTNRLOR ff SéF@Engg'?m?'%P%£%£1ens 9 which
serves as second_stage, optical pntegrator. An aperture di aphragm plate 10
is arrange%y?g?%I%%ch §t¥ﬁ£ Eﬁﬁ %*e§9d$?@Phﬁaﬁ%t TP %EI?B%t-outgoing
pl ane of t second.fly's . eye lens 9, i.e., an optical  Fourier
transforna(?ﬁ%]ﬁa%?%]ﬁ?es{;%%p?? B‘Fa?\‘ég%‘?dth@i??’&ﬁ?ﬁa‘??%ﬂl‘g?/@téﬂ Weh respect
to the pattern Elane ret{cle Iﬁge) of the reticle R as the, exposure

obj ect i ve. STRESUES  FRPRTAFUPHPRY b BEed 108 | Ehe FERFED| oSFFHheRd wi th, for
exanpl e, a circulﬁé apert ur diaghr m 10a for ordinary illuni nation, an
aperture dP2PWTagraBPritRItinatie| PR ASEEHHS LGS apbr b e RPLHERIgm f or
nodi fied illum nation énot shown) conposed of a plurality of (for exanple,
four) eccetRPFEALRRI N pEhe HRECIGRING RRRT2EEF cRRBArPApRYR LRAt 8 aphr agm
(not shown).for a small coherence factor (o value). The main control system
22, whi ch EbHLR FRR| SYHERR ELTBARE cHREFRIRCIRG ARY | RRW 29eNSQy HEEO 2004
operation of the projection exposure apparatus 50, rotates the aperture

di aphr agm Prat&Yaeehy the 1§ ?uﬁ%étﬁﬁng%% develoned patkern: ke
illumnation condition. In Fig. 2, the exposure |ight beamIL, which

out goes f rofrihRed cbdnthe| §XROTYES | PRI LR AR ER PHRRSsWiRROLBA t he
aperture di aphra n11Qf_for the ordinary illum nation, cones_into a beam
splitter 1BXARICH- M ENigh thansyfteBncEohnexampbSy rief | @8iB8cRd. The
exposure Iight beam which is reflected by the beam sputter 11, passes
through a FryPERbY | SXETR FRRst4anspAKt 189 chhesShtbrake: nt egrat or sensor
20 conposed of a photoelectric, detector. A detection signal of the

i ntegrator sensoTC2PRIstPpPEEl t NP HREEXHEREFE @ENERBIPLAFENDL. The
relationshhg bet ween t he detection,signal of the integrator sensor 20 and
the illum HAATREBPR ¢ nENRRDosTr REPY Hfed pRRANSFROBHE € haPhRF 8FUfy 8Tt he
substrate to be, exposed is previously peasured highly accurately, and it is
stored in SEREHHEY ?rFT?EFEgﬁ%SGWE optted whthR 21phgheseRpdtive contro
unit 21 is constéﬁcteqhso ihat the illum nance (average val ue) of the
exposure ITYHEEHEQItR o thenhdPeam Wi de tRRSKntRYi aFNGaPBROPRERe0f can be
indirectly nmonitored in accordance, wth the detectjon sjgnal_of the

i nt egr at or 2 RRAEITUS FCORRELELBD T o1 H YhinabiAR | $YStRRchl hbe BhBenwhich
transmtte hrough the beamsplitter 11, passes through |ens systens 12,
13 al ong tHEYPHRETETS &S MASK: S TS ETRERs3FIEP yWRERRSPPREBLANE] %BA bl i nd
(fixed illum nation field 30 17. DEC 2004 di aphra nL 14A and a novabl e
blind (nmovi %t?i“'?%m%a‘{%hal?]r@Elﬂlr%pﬂ%%%{aﬁﬂs(lgﬂ vhichr chaddBFeanl i nd
14B is installed_ at a, conjugate plane with respect to the reticle plane.
The for merS¥5% ot 17 nﬂfﬁ‘ﬂklﬁ(%,%t%ﬁ’ amERed hilumpnaked By chhes def ocused from
t he conj ug :ﬁﬂgjane.qg a gredeternined amount. For exanple, as disclosed in
Japanese IDIPR FY SRR ai Y- BHERt NoenIR 0634 B whiChERAULEEt 8s Pat ent
No. 5,473,410 coryespondjng thereto, the fixed blind 14A has an openi ng
which is B (PRt LR FATEeTPoRAENG| o -3hBhape cRhf AgRREERER BE a
rectangul ar, configuration (hereinafter collectively referred to as
"slit-shapdl JHMTRERTHoRYS Tatertrl crfton Jeyptoementaptt bhehe scanning
exposure direction at the center of the circular field of the projection
optical sy¥iRshrate mp tHee syubstrptantease: nd saePndhsensesr 8dponds to the
movabl e field di aphragm of the present invention, is used to vary the width
of the il [WATRIASYFLT P pealtior Hef sthanpattarreefi Bhein order to avoid
any unnecessary exposure upon the start and the end of the scanning

exposur e fRIICHIRERTEDEEE i HAteFbal s Bher obhe hdevelepmept Foft hBe, the novabl e
blind 14B is al so used to vary the size of the pattern area of the reticle
R or the W Eae <ol Hepetithsigr vbe t heagenl amdi anjeddgénygi s¥stemdé2adni bed

|l ater on in relation to the direction (nonscanning direction) perpendicul ar
to the scanning direction. The information on the opening ratio of the
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31 17 DEC 2004 novable blind 14B is also supplied to th¢7egggﬁ§m§ control
unit 21. The value, which is obtained by nultiplying the IIlum e
determ ned fromthe detection signal of the integrator sensor 20 by the
opening ratio, represents the actual illum nance on the wafer W The
exposure |ight beamIL, which has passed through the fixed blind 14A during
t he ordi nar posu

h- bend 15,
ens. syst SRAEHPeTa T fauBeraraedt 8noe SPudbehafas R Lhaen nr el i om 17,
d d t 18 I t
o T RS Eeé%?g?%%ﬁé“srﬁu?ﬂ% R g
t he reticI§ F%g # ﬂa 4 der .t ation |gh& beam | L, the imge
of the cirddit pattefh h ?%5 iy ﬁaf?%ﬂn r B§PBAL t he PEt FEPRSHEs

transferred _at_a gredﬁtt m ned $r01ect|on magni ficat| for exanpl e,

Bh bBY?EE?‘OEyE?’én?ﬁi PEEnthe (o ecentrPy

1/4 or 1/57PPRAFDL T oPETE
on both si to t - shaped ex sure area ro t|on area for a

N t of é
pattern ing dﬁ% %%E?Eb%PéCﬁj?ﬁ B ?PP ﬂﬁt?Bﬂaﬁ? g Sgbeof t he
photoreS|sa er.on the wafer W subst ate ﬁsubstrate to be exposed)
arranged oReYRLOPIRGAPBRFALSn pf ﬁﬁe PrenewhfBj ERei BRPEHYFRal system PL.

The reticle R and the wafer Wcan be, re arded_to be the first object and

t he secondaBB?EﬁFu?e%%e%???ﬁ??raﬁﬁ tvﬁléltFBHIéRﬁﬁp§§5t§mdlEkeghaped
substrate of sem conduct or églllcon or the | i ke) or silicon on
insul ator)~ CThe ?%?Yoﬁ?nﬁe§ rm1§hfﬁfﬁéﬁﬁﬁn@95?aﬁ9¥lBhe YEteB, nahd

assum ng t@ﬁt the Z axis %%ends in parallel to the oitlcal axi s AX of the
pr.oj ect i on*Bpt PERFOEYREH F, thReS¥s GrPsCanrt RRdRaFimaheY sexhhrAetdi Fection
(direction_parallel to the | ane of paper of Fi,g. 2 in this enbodinent) in
the plane PBFbRALI LHPEPVE ot e G URRSY af dChRcIRVakPETERF cRAL L PRN: A |
non- scannlgﬁ d|rect|on direct] Eer pendj cul ar to the plane of paper of
Fig. 2 in tHfsd %ﬂb%ﬁrne by 6%?% AbLed| BEthgdt AE EEﬁnHFﬁﬁeHFréBVPBﬁloﬂlth
reference to F%g 2, g reficle R.is attracted
can carri out by using the exposure apparatus.

The exposure apparatus of the present invention may
further comprise a projection system which projects an
illumination light beam from the illumination system onto
the substrate. The judging system may evaluate an image
formation characteristic of the projection system by using
at least one of the first sensor and the second sensor.

The physical quantity may be a thickness of the
photosensitive material, and the state of the
photosensitive material may include uneven application of
the photosensitive material and uneven development. The
exposure apparatus may further comprise a control system
which controls the variable field diaphragm, wherein the

control system may make control such that the variable

field diaphragm is narrowed when the state of the
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and held on a reticle stage 31. The reticle stage 31 isTQIQEﬁﬂgﬁﬁ,a reticle
base 32 novably at a constant velocity in the Y direction and tinely
novably in the X direction, the Y direction, and the direction of rotation.
The twodi nensional position and the angle of rotation of the reticle stage
31 (reticle R) are neasured in real tinme by a |aser interferoneter
installed ] LI Vi control .unit 34. A driving notor or,exanple, a |
| i near nntgﬁog?ggn%%?g%ec% “hot r?niEE?aFP§a¥Fﬁg?héSd?V%iH@tEénggol uni t
34 control h annj vel ogcity.and the position of the reticle_stage 31
on the bas?gﬁggréﬁ %btﬁ?%%ﬁ“r§§ﬁ|%maﬂetEBrﬁﬁgéaPeﬁBﬁFaa BELRELCoREr ol
informatiop, supplied fromthe main control system 22. The driving contro
unit 34 se %etﬁgog?%%l%? ?%EggﬂeﬁFnagﬁ?rYﬁg'noygﬁlﬁeﬁPPHdS?HE?ror it opens
or cl oses the openi g ip the scannin dire%tion on_t he bgsis of the control
nf or mat | ot QEERFRELCE r BPt REPARRACCORPRERELFSPalh bS. UARIcDaF USRI BntHiar k d
|l ate 33, which is, 33 17, DEC 2004 conposed of _a gl ass substrate, is fixe
Pn.the vic*ﬁ??§r%ft€ﬂep?§%Fé?B ﬁgoﬁhthgFEFFBIEstgﬁepgﬁﬁoﬁ?B?1§#V§homs E
lan view il]ustrati a state in_which the center of the evaluation mar
Blate 33 sfid r?ﬂfF?ggeE ﬁ e PPBGRLAPIE EppPBki ARERI FOCBRRERHE with the
optical axis.AX. ,Wth reference to Fig. 3A when the characteristic of the
pPojectionagiﬁﬁgﬁ?E %55a?é?u§ugﬁtF§t8v§FEQtEB?P?HE EPI GRfnati on area 35hfor
the exposure. light beamis, set as indicated by tw-dot chain |ines so that
t he apgrox?ﬁ%?%g%ﬁF??%nL%ﬁPEaP?BH hBPR phet Br33ertippyayalieMherewith. The
illumnation area 35.1s set to approximately inscribe the circular
ef fective fieIdA5?°¥ﬂ%n%rB?eEFFB£ BPPEREF a§BeEh PE SRBWRTPASREg. 2, and it
is a rectapgul ar,area which,is slenﬁer in the non-scanning direction (X
direction)l%%?%ﬁﬁﬂ?CUFa?r?ol§h@rEHé ffng BRFBEH §RTSPEPIUELRECRI on). For
exanpl e, foqur.identical two-dinensignal evaluating marks 36A, 36B,... 36D
are fornedgﬁYlB%s ??%&SOEIBE@ v8et A Podithpexabhyr SYAESMF| GRIRELF&RYar ea
35 on the eval ua iQQ nar% | afe.33 so that they are included at the inside
of the illﬁnfﬁﬁﬁfo P e? 35?9 Kangy 3| BRPFAGeRELk1¥6ARPECR 18} OBEReRsi onal
mar kK construct ed conbining an X axis mark 37X which i s _conposed of a
Iine-and-s%ﬁ%§t5%€¥e?$ %??HﬂgEgeaﬁpalﬁﬁﬁﬂe?BPﬁFﬁEHSpP?cﬁeﬁﬁn?ﬁeakoveF
direction, _and a axi s rk 37Y.which is conposed of _a line-and-space
pattern ar?aﬁ%%ﬂng&sE?Br&Ee?%Pﬂ?ﬁ%ﬂ BPFcﬁuPﬁggﬁEeYaBP}éEFiUﬁ?hTﬁBeline 34
17 DEC 2004, wdth of the |ipe-and-space pattern for constructing the
evaluatingp%%$?s§%§&F§Yef%?QﬁféﬁglEgtg R heIREdPRAMNVLR PR SHBFgQF&EBer in
a range of_| e |) to 2x_(two tinmes) with respect to the limt
resolgtionpﬁét%ﬁ%u€¥L?%%??oﬁﬁﬁp?FBQFug sPBRABRTERoRA ARTEPG QPOVﬁFtﬁiﬁ
case, for exanple, eac f the evaluating marks nmay be construycted with a
plurality Bﬁlqﬁnﬁtﬁﬂdg p %Eegﬁp?ﬁgnggﬁap HBOBPPFéFéﬂF PAhETHAAt RE ERSY
exanpl e, pitches or dutiesé. Cﬂ tae ot her hand, when the characteristic of
the resistSWBRFEFL8LR UFHRI GEDEI OBV RYOBEPYr 3PRETBEUSHARN B 1PRY. 1 is
eval uated, _the illuginat'on area_35A is set as indicated by dashed |lines in
a narrow a?B2V&hoit ?%Et%eﬁF%P of PRasppiPgap develgrmspt; Rattesty gf )
ortion of, the evalJuation nark plate 33 shown in Fig. 3 by narrowi ng the
gpen:ng of *RfeAFY %P%dprﬂﬁoﬁﬁ§§§ﬁbﬁﬁ WﬁtPFgélanT%BeiFP fithatféndar ea 35A
is, for ex le, an area in_which the wwdths in the X direction and the Y
direction gﬁgt%b%ﬁ?Pl?g ¥ 2hupbipecPreochREAFLRPLASRAL 6/ &rea 35
respectively. Two eval uating marks 48, 49 are forned ad%gcently.on_the
evaluatioﬁc%%F?cE$5%%tﬁ% of the BBRLYaNIpBPPREALHE /1t Re CHRIARITRELSSACar ea
35A. The illum nation area 35A is the narrow area di sposed about the center
of the opt?tatPaxFEPRSUT® RBRAFAENE, ofnha BhafractesAsEpc 04l toest em PL.
Therefore, the inmpge of the pattern in the illumnation area 35A is
proj ect ed SFYBLPEIG ndpReprbne Whiehppffretatheoflevrdopmentc PR&HEEPt i cal

systemPl, in a state in_which any 35 o
respectively, independently from the other characteristics,

on the basis of a result of the measurement performed in
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17 DEC 2004 aberration is scarcely generated. In this enbodi nent, as shown
in amgnified viewin Fig. 3B, the first evaluating mark 487@[—}{;)% such
that a plurality of marks 48a to 48e, each of which has a rhonbuss gﬂgd
configuration slender in the nmeasuring direction (X direction in this
enbodi nent), i.e., each of which has wedge-shaped configurations at both
ends int %B%E suring direction, are arranged_at:ﬁggredeternined itch in
the direct’ %V’“ﬁﬁrf et TRN) 2 petPehdf tel H1 tATIRE RSN APRATEAS on. The

t hi ckest portjon qof the mark 48a to 48e has,a J]ine wdth which.is

appr oxi matiAYIA% he MARLHTET: GRARATICT IS BIC (VhAITHRAANTR PR TR 1o
the limt resolution of the projection_ optical system Ph shown in Fig. 2.
The eval uRYHHER HETACTREISTE Al STHRN TR F QARG
developinqﬂggp ratus 59 shown in Fig. 1. As shown in a magnified viewin
Fig. 3C t sé’c'ﬁﬁf‘d R % T PRE KPR NG HRG R PAFERrD  FE ARt it t ern
arranged at a predetermned pitch in the Y direction. The |ine w dth of
each of nEtKER YhPREF 2 i Hhe eyl uating Py (BHEHPE i ne width
which is about several tinmes the limt resolution of the projection optical
syst em PL.AFHES RNy REHP LK 4D the jsheth o5 o tRtPERE CHIP act eri stic of
the resist coater 54 shown in Fig. 1. Returning to Fig. 2, the wafer Wis
attract ed SHRFHALE AP tHelGRf2rdetatermenpypatiesh dEQF fHEiRg drheiol der 38.
The wafer stage 39 is novable two-dinensionally along the 36, 17 DEC 2004
XY pl ane pFEt9elig ofeHEed na REHEHEND L@ Heh B ERed okP B RFIMC St em PL on
the wafer base 40, That is, the wafer stage 39 is novable at a constant

vel oci ty ithe HEYAGH rdRITHrPed abrVanfEt Baskoawibladte tbyadigmaehe in a
stepping manner in the X direction and the Y direction. The wafer stage 39
i s furtherhigbF REGHARES OVICT VEVRI 2 iyl CHRFPURPOE, dopgawte i tRet he
position of the wafer Win the Z direction (focus position) and the angles
of rotati SPARAECEHEEICHEE iR individyal wPEATUSES gl igh poi nt
aut of ocus sensors 25A, 25B, which are conposed of a projecting optical

syst em 25I6TE B UErS PYDFRBLRRY dndependembly ofvdlwbedratdty of |
measuring points on the surface (detection surface) on the wafer W and a
li ght recei3A WP i B2 YR bn§EBed JrRaRRRE: ving the reflected |ight beam
fromthe detection surface to generate focus signals corresponding to the

f ocus positi onhYFOXHENP| tR aFF 1L RneElartr 27eebi ¢t stharkrefest provi ded at
the side surface, of the projection optical systemPL. The focus signals

t her eof ard"&RIpptied ¥REEE f BT RTPG1IERRt ? JREFFRF LG PRBheR FOEontrol system
22. During the scanning exposure, the focusing control unit in the main
control sﬁ%‘?%?ﬁ’?@%o?ﬁi?ﬂﬁ)ﬁ@%th??v%Ea’fﬁeoﬁ # cRRPEPFCRRERAVE SRREFAC 1AL waf er
stage 39 in accordance with the autofocus systemon the basis of the
informati S G SHRSHIRER &P ghal @*XPPRRAsPH0sFiNPndY . SHRRBNER PR r 2 hes

surface of the wafer Wis focused to_the inmage plane_of the 37
provided with an illumination system for illuminating the

substrate applied with the photosensitive material and a
detector for detecting a returning light beam from the
illuminated substrate; the measuring method comprising
exposing the substrate applied with the photosensitive
material with a light beam via an evaluating mark; and
observing a state of an exposed pattern of the evaluating
mark subjected to the exposure by using the illumination

system and the detector to determine the application state
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17 DEC 2004 projection optical system PL. \Wen the charactethsbté IS
eval uated, for exanple, the Z leveling nmechanismis driven 20B4i s of
the focus signals. Accordingly, the focus position of the wafer Wcan be
controlled in an arbitrary amount. The positions of the wafer stage 39 in
the X direction and the Y direction, and the angles of rotation about the X
axis, the Y axis, and the Z axis are peasured in_real tine by the |aser

i nt er f er orfék ¢ PRMLIERIA MY L YD Lathi t 2QACOThP A i St or
exanple, a linear_potor) in the driving control unjt 41 controls the

scanni ng VEI9AREL 319 HRte idh Hhe ipheiRins Sty Broniaheamds of
the obtained result of the neasurenent and the control information supplied
fromt he mMFPROHRS L RaFh 1 WHERD tHRe SRERRT WS SBRATA'ES s perf or nmed,

it is necessary to previously performthe alignment for the reticle R and
the waf er TRETHER %R orldhe £LFRATEIR IPPIYFERE AR kR ORA (FR%E shown) for
measuring the position of the alignnment mark (reticle mark) on the reticle
R is instafeerohvele deithe ol Sthegraghy mFeerss oh W ddieto neasure the
position of the alignment mark (wafer mark) on the wafer W_a first

al i gnnent SERRRFTIBNY T THEM s ceh by meRsWFingaethed ean baeeRhi ch is:
based on the inmage processing system (FIA system Field | mage Al ignnment
systen), iBEMa9R¢t Whieh ais tfermed oy expeeurt whd pelp cevabmaordcal system
PL. The alignment sensor 23 is operated as follows. That is, for 38 . 17
DEC 2004 &X¥fipi dnay hee gepeervem- medkternativell vic el M fhragted | Lighét i on

| i ght beam having a relatively w de wavel ength region froma hal ogen | anp
or the |iKeeamrhEromelghe ofubsierafed aray dre nelpkersedhy 0a tpthedl t oget her with
the index mark. An obtained image signal is processed to determne the '
posi ti onal Sehseratparey wWibthta diffrrcEborcgraningrkhaped hevadwatdedi on and
the Y direction with respect to the index nmark. Further, the |line w dths of
i ndi vi dualMagk ks f EprRemst rTRE t gl t hbtgenativehy makhke apvpe@edr ni ned.
Obt ai ned neasured val ues are supplied to the main control system22. In
order to realiteting MPEK thay e deeelpped barqbserdecbhdadecehpphenhot her
systemas well, a second alignnment sensor 24, which is based on the

of f-axi s HEEePINi s 7 ofeHethererrctrredeses deed orbevie, profieterbaropt i cal
system PL. The alignnment sensors 23, 24 correspond to the second sensor and
the first Cek@brinrused e ce¥eruiavahigonenrkbshett 2 etyPOTHES aPPHRERAR
sensor 24 conprises a sensor 24a (hereinafter referred to as "LI A sensor
24a") baseRf orh¢ heubshratesehen fklae f subserate i gRBeseqd  spayehef or
radiating two_light fluxes (or one light flux in sone cases) having
slightly di§edrenfurtleiienti biglvhtbeanefapmsaativbh gparragprenapeged
detection mark and detecting the interference |ight conposed of a plurality
of interf dPerelke | $EPRSHeANBPRRFRF & dRAY rloeh ¥hed dekert FbA fubRtrake &Ssensor

24b (hereinafter referred to as "LSA sensor 24b") for 39 17 DEC 2004
: exposed with the light beam via the evaluating mark.

According to still another aspect of the present
invention, there is provided a measuring method for
measuring a development state of a photosensitive material
on a substrate to be exposed by using an exposure apparatus
provided with an illumination system for illuminating the
substrate applied with the photosensitive material and a
detector for detecting a returning light beam from the

- illuminated substrate; the measuring method comprising
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relatively scanning the dot array-shaped detection mark and ?Pen§?§gé beam
radiated in a slit-shaped configuration and detecting the diffracte a%gﬂu
generated fromthe detection mark. As for the LI A sensor 24a, for exanple,
the nore detail ed arrangenment is disclosed in Japanese Patent Application

Lai d- Open No. 2-227602 (Japanese Patent No. 2814520 and United States

Patent N, e8o489308, oL EERONNL B PSR! Bl Apy oL DS SR pensor 200 for

exanpl e, the" nore arrange $8€pat ent
licati i ] -130742_(J Pat ent Publi cati No.
6 16475 andbariay &ista bAobR PRgn' JRTIRSEroThRFSaboRarks  noreto) 1n
t hi nbodj ks he LI 244, be adopt ed,
whi oh 15 baseq sR1BeCyBECeRbabH SHo6REaLaRerar OBERRPALY: Ad ated
and v ocel vacYpERRRERE. BULEE:Y, 8F PhB.EPaitntane Besks SpPdForinpethe
-n-ord dj ight b L. ] I d ted f th
ot et on JevEIOKTERG: BYl BTRTCLIEy LLOROSPALAOR: SHAFeRBRacENEn si gnal ) of
the interf i ght the LI 24 d hot gel ectri cal |
convert od SFERAFOF obPedbrBRREPEn hS “UE EhaPurRT SEaE8 PRoRbSof the LSA
sensor 24b ﬁ&gosugthed to gn al%gnnent shgnal-grocessing unit _in the main
control. syBt@8n’25 F&5pEE MGEPT18The AFFGRAZRE SPghBLSpREERSLy nEhEni t
detects th ¢Q rdinate gf t he dﬁhepthon nark_during 40 . 17 DEC 2004 the
ali gnment By TSPRYCPReSHRFEcPToh E] BRAFOSENERELF P AMGERESR128NPe he LSA

sensor 24b.ggdetge neaggred val ue of the coordinate of the wafer stage 39.
When the charBeEFisHE of?tfie Yi BidhPaph§ SYRPERTPsaBRarakied, the

al i gnnent @%%ng%-grocE§S|%g unit cal cul ates the thickness of the resist
pattern on the det8et Fof FRPRSPFSnPPRBIALYRAI CABePEf UERE WRLSCti on signal of
the LIA segﬁ L €4a and i hca#c Lates he Ien%th of the detection mark in

t he measurl g s %g%%YOﬁnbé fis ﬁg PHE2HBY cPEPERSSi GhalNofPBhe LSA sensor 24b
and the cogrg'nate gf t he, waf er stage 39. The scanni ng exposure is
per f or med at %?QE%P Bri¥R5"Phe ali gnnent for the wafer Wby using the

al i gnnent sensor 23 or 24. That is, the nmain control system 22 sends
vari ous pieces of information including, for exanple, the novenent

positions, the novenent CiLLI he rates of accel erati on of novenent,
~and the position offset%ngﬂthé§$§FF%F§Ns9§ggH§1D§ﬁHIFﬁ§ waf er stage 39

respectively, to the driving control units 34, 41. In response thereto, the
reticle Ris scanned at the velocity Vr in the +Y direction (or in the -Y
di rection) mﬁthF£ pation area 35 of _.the exposure |ight

sp c% to the illun X
beam IL by the alg'of h2ws efi BF e@%ﬁbﬁ %EFaPﬂeg?ﬂEhFéﬁP?BFPBgnﬂj?H whi ch
th f i dat th | |t 3V 3 ts th i ti
mont 11 cat Vare PEAPTEEe Bt abuy FePSt N SdarEn ity  FR RRochbotReBE BR (or i n
the +Y di i i1 h. t toth 35P f th tt
ingge Onl{ﬁﬁélqus%#£tké§§8€§pn_o he exposure area or the pattern

Fig. 2 shows, with partial cutaway, an arrangement
depicting a projection exposure apparatus shown in Fig. 1.

Fig. 3A shows a plan view illustrating an evaluation
mark plate 33 shown in Fig. 2, Fig. 3B shows a magnified
plan view illustrating an evaluating mark 48, and Fig. 3C
shows a magnified plan view illustrating an evaluating mark

49.

Fig. 4A shows a plan view illustrating a shot array on
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reticle Rby the aid of the wafer stage 39. In order to avqig ﬁfﬁ osure
onto unnecessary portions at the start and the end of the stéan dﬁm posure
during this process, the opening/closing operation of the novable blind 14B
is controlled by the driving control unit 34. The reason why the novenent
direction of the reticle Ris opposite to that of the wafer Wis that the
projection_optical .system PL, of this enbodi nent perfor the inverting
proj ecti on E%F%%e??¥tﬁga Pﬁlggn?rgﬁsé§gtgﬁﬁﬁfrr88 s?naFgﬁ$PRén8xposure
r.for e _scanpi_ng exposure

data file, i diti f or, ing t

iﬁ g p?oge?5§§%§§§?§X§§§EL?3?§ o%ﬁgggﬁ89§ﬁggggtSFn£g§8ﬁEonFWe Shot areas
th f .and it t th ti i

cooper at| of BALHN Remek B8, FRECBRAFUEN P Beoa8weRtCeTRatOFs, SHlen ¢ he

command to_start .the scanning exposure fqr opne shot .area ,on the wafer Wis
i ssued froﬁ%?hehﬁa?ﬁoggn?r8F8§§§g8ﬁ1§§°P&°Pﬁg 8%585&3@“555?F&P9unit 21,
then the exposure control unit 21 starts the light em ssiqn of the exposure
|'i ght souregoﬁﬁeﬁnaxPPpgﬁl8glﬁt@§tgﬁa ﬁﬁFé&FéPugéPHegb? Fﬁgmilluninance of
t he exposur LI ght be n1LL for the wafer W (sum of the pul se energy per
unit tine) ﬁ§ckﬁgsﬁi8 oPPPHBIFAt8grat or sensor 20. The integral value is
reset to zero uFon thg start of_ﬁhe scanni ng exBosure. The exposure control
unit 21 successfv8fy chl elfaPBsiihBstRpts: & "¢hPod 6PT REAFUEdRInsnce, and
it controls the, output of the exposure |light source 1 (oscillation 42 17
DEC 2004 fF%ﬁﬁﬁﬁc?agﬁﬁrBuW%Eheﬁﬁ Q?ngﬁge%héo&PnﬁPﬁﬁ'ratio of the variable
| i ght-reducing ynit g dependi ng on an obtained result so that the proper
exposure amount *+9-0 9aFEBHSa? PeaPelirVe 1pdufAtEabAngne SROLoPELRYt O8n t he
waf er Wafter %he canning exposure. The |ight em _ssion of the exposure

li ght sour@e"31fE %PBpﬁga HPFEPQCBnﬁF85P8518P PRELERANAYRGSBXFdsd@re for the
.concer ni ng_shot grea. Next, explanation will be nmade with reference to a

f1 ow chart PERGA FﬂnF?§Q9s§£?agBPSBa§HB'Fﬁgg.gAganéBQBhPUP &n exanpl e of

t he operatijon i%valua ion se uegie) for,evaluating t he predeterm ned

char act er i BRPBLT 4Pt REAPEISY LoAPEFTBRINgnE pRS{EL PRl tEEPoLGrBeHpREr at us
50, and the deveﬁg ing apparatus 59 of the |ithography system shown in Fig.
1 of this ERBBAF ﬁ?. ?ﬂg Bv5P8aPPoRPEr YAhE&Tchar act eri stics may be execut ed
periodi cal ly. Altern? ively, for exanple,ééhe eval yati on nmay be executed
when the type of *¥he %hSEB%ﬁstPlPE HEMgdd 1USETREEATt Re SHQ e PEFRYNOD
process is chagged. At fiistt.in tge atep 101 shown_in Fig. 8, .the
phot or esi st VeL&ppFPEASYBLEAT A F8ScHYRAMEF RPNy Ods FRGTPRESEISIIC coat er
54 shown in_Fjg. 1.unde£;the control of the host caonpyter 27. After that,
the wafer W #getpﬁaﬂgﬁ &PPheFHBSBFg-BBP@réﬁﬂéraﬁﬂgngéganaBtﬁ@oﬁﬁoping
apparatus 5 and it.is | paded onto, the wafer stage, 39 fer holder 38) of
t he projec?f%ﬂ g%ﬁgsﬁ#iuﬁgﬁﬁﬁéP35355eF§tEﬁtiﬁéf.t%ub?e g%tﬁ?? thd=Sreticle
stage 31 shown in Fig. 2 is 43 17 DEC 2004 driven to allow the center of
‘the eval uaPF8HeHBFR plate 33 to coincide with the center of the effective
field (optical gxis of tpe E o&ection optical .system PL (step 103). The
movabl e bl ind 1489Fs E8nePgI PBd 58 sét Tlpw FpﬁﬁﬁiﬁéﬁpéﬁréFé§90¢hﬁhe
exposure | pght be L to the cintral narrow il lum nation area 35A of the
effective kgﬁmﬁragglﬁo ‘PR BYHIU3RLPLt EFINGETe ERYt fihe JddiiheITHRNY t he
eval uati ng mar ks 48, 48.can be illum nated. | nmages of the eval uating marks
48, 49 can®BRUFofEcPEdIPd EOosfht BMPRAMAEER Phetde BrEselite inyENtdrte of

the aberration of the Rrohection optical system PL. )
Figs. 9A and 9B show a flow chart illustrating the

latter half of the evaluation seguence for the lithography

system.
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In the step 10S, the projection exposure apparatus 50 shomn?qnpgtg%%% IS
regarded to be a projection exposure apparatus of the full fie e sure
type, and the respective shot areas SA on the wafer WL are exposed with the
i mages of the evaluating marks 48, 49 in the illum nation area 35A by the
aid of the projection optical systemPL in accordance with the

st ep- and-repeat man i the s descri bed
above. Wth referenc@%cofwg;dkﬁ&%ht e eﬁﬁo%%@%%%ﬁ&%e wafer WL is
divided into Nl individuals of shot areas SA" SAZ, ... SANl (they are
representatively referred to as "shot areas SA") each having approxi mately

the sane size ag.t e njugat e i of the illumnnation area 35A
which is narromﬁ?ngg%%gia%?rgﬁﬁ?gﬁggﬁg ?ﬁggsedprgﬁ?P%nFHYEE%F8§p@&i$ve shot
areas SA a ith.the i es 48P, 44 C 2004 49P_of  the
evaluatinggﬁagggfiggeagg?%égegfgsgfﬁﬁe ﬁh?ﬁetﬂeigegﬁgﬁwiﬁg?'th@nmﬁbé? WL
after the S nsported to the.devel oping.a ratus 59 via the
- post bake a%%§§§?@§HE7 gﬁ Pﬁ8588g|%H&eaﬁbaPa%ﬁsggegéﬁaaﬁoiﬁ BR§® 12 In the
devel opi n PRAT &L Y 5% t he phoéor si st _on _the fer W .i s, devel oped. The
waf er W gyﬁer tﬁga§%$ FOB Rt R etfﬁﬁsﬁﬁFfBHsvFﬁgFﬁStFFéﬁng?t°Fi e 52,
and it iS'%ogged onho the, wafer sta 39 of the projection exposure
appar at us 50 agaf APy nSYRFEC 85,PrggFgana?tﬁ?ﬁgc?hggﬁtPEf@Fgéﬂeto as 48P,
49P), which have a concavel/convex, structure.corresponding to the inmages
48P, 49P ofPRRETEYAY A T FGLRGr KSAHSL 48 PESHECEIVBI GXPRPETFORREATBRUBhe
respective_shot areas SA on the wafer gm sgomn in Fig. 4A. As shown in Fig.
48, the Ia?%e?nrgéPg?uﬁgt?EPﬂriE?SYsaﬁ dff FPYELPBANGr 3PPAG2EHSped nark
having a predetermned pitch in the X direction. As shown in Fig. 5A the
gaeLerpipe : : _
ormer resrs "48P is a plurality of concave/convex patterns with
f { ‘e

bot h si des havi wedge: shaped configurations. In the_subsequent step 107,
det ection signa?g?'mgi%ﬁ°¥%r?e§5€ﬁﬂa?bctﬂﬁr?ﬁgﬁﬂgpFié%iBFtFﬁglpﬂtérference

light b Jdiff ted |jght f th i st tt 49P of all of |
theshot - af BEEC LAY PRebbaR o EVERER BT HiRegt CaARi tPoraEraenes b9 uai ng
the LI A sepsor 4a_of t@e gli npent sensor 24_under .the control of the main
control sysf%h1§2 LnoRAFh %?g? QPEE@§EF€§°Bf5¥heW &CBCPPONS8r 8548 17 DEC -
2004 l he host t 27, As sh i iqg. 4B, two |ight
fIuxeguﬁguéﬁ%ﬁ%f%£?g%¥§$%ﬁggﬂgﬁ?géﬁrfFﬁ?Sei§8$ﬂﬁhglgéaot9hgerggislgpattern
49P. The +]1- di ff ted light LAL of the.light fl LA dth
order drPPrast ALih AreREnbef P TrerpoRiinols Bredtehepated in

[l el i f ight . f th i st t 49P, .and th
ot ort or encab (i okt FRPaEr tudono 1R pireragted ¢RERLEhR B 2aRRe of the
i nt itie he jnterf | i d dj the fi
Lhi ckness SYSERLT AhaheFhobeBETEpt %07 Y8 tRRc AT PRl bRoeOTACHBAGRYof ¢ he

i 49P h of. th SA. Th . 1 | e,

the rel atiBuades Tnd eeREral theenthte PRERRFORD OF £NE PECPSCtRGnt or n 40P

and the average val ue of the tection signals Qf the interference_light is
previouslyg%ﬁﬁﬁ§¥ﬁrﬁﬁP%&%@??n@ﬁt%?#ytﬂﬁ %%?g?ﬁ'aeYﬁ PBRERNFPERLIENsPdred in

t he data.fAIe of .the hﬁft co Eter 27 beforehand. The host conputer 27
det er mi nes™t AE TR T btti%n %? Phet FRPFPORF LRA sWBESFnEST BsPYPSEEREPNI ng
on the wafegr W _fr %he table and the average value of the detection

si gnal s oflﬁhﬁpﬁ?ﬁii% reERcEr Y GHES i & ?ﬁ%t¥%§pB€FF%8nsﬁ5ttQPeﬁgagﬁF‘The host
conput er %% esfinates as thg uneven, application, the dispersion of the
filmthi ckKiRESI WY HEhHPR, %tanﬁaﬁﬂrgEVV% ¢bnFasRattReSdvéPEge fil m

t hi ckness obtainqg when tgf hotoresist is applied to the wafer WL with the
resi st codtEroBWIL T 13 ?f&?n??ﬁ%?ﬁe%g wexpPpadi vALers t BBdnaxt step

108, the host g?qpq%er 27 checks 46
secon afer cassette 60 for accommodating a large number

of exposed and developed wafers are arranged at the first

end of the transport line 52. The second end of the
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17 DEC 2004 whether or not the resist coater 54 is abnornal,1i.§ whet her
or not the average filmthickness of the photoresist and the (?i ggrgﬂﬁn of
the filmthickness estinmated in the step 107 are included within allowable
ranges with respect to the target values (0 for the dispersion) prescribed
for the photoresist of the concerning type. If there is any abnornmality,

t he host c uter_ 27 1sSsu alatminforngation on_the resjst coater 54 to

t he operatgfgn?ﬂoFésbbﬂgegfhé?ef%?t?igeagpﬂ?EnHﬂE%r?sap%??%?ﬂ@ﬁ for the
resist coater.54 in_the steg 109, After that éhe eval uati on sequence of
the steps T81¥BCd 0BT ARFPBEL RREDt EROLgEPARSr AL5BPREY AheRpdidd wafer V2.
In the enbodiggnt dgsc$ibeqﬁ§$ove t he, resi st gattern 49P whi ch has been
devel oped TRFHRTECPEATRA TRABPEY oL QY aF Gt BEPAECHECN SPXROSEE? 54. However,
as shown in Fig. 4C @he foll owi ng procedure may be available. That is, a
concave/ cofRRXTGHE$ rakti on grating-shaped nark 61 is formed on each of the
shot areas SA on the, wafer WL beforehand. After the photoresist PHis
applied onto thd LRFEFL\EO2tRE ?fgﬁ?rf?HRéglﬂﬂ,aLBh%E%r?ﬁﬁﬁﬁt%% ¥nto the
mark 61 fromthe LI A sensor 24a to detect the interference Iight (LAL, LBI)
from the rBRREGICDMEHVE FekeEirlsente hehg¥RAGE. val DESOPakft ensi ti es of
the interference light fromthe mark 61 varies depending on the film

t hi ckness ¥PPRRREIRotdreQMReSeH 9F fhBokhblakeear spheThéker 5PE, P¥ee film

t hi ckness distribution of the photoresist PH on the wafer WL can be 47 17
DEC 2004 dRRE+R9 nkle PRt eeetst oRnstRparaies  tARd pACRRRERE 24a wit hout
perform ng the exposure and the devel opnent. In _this exanple, the resist
coater 54 TRRARRLES PRt Ferlingnbhe peprbaked vaker deeaiBstahbedxposure
step and the deyel opnent step can be omtted. A |light beam having a
Mavelength?nmﬁi%hr?gtﬁ%? 9B rbled birshevpherorassstterb3ite thaith which

t he photoresist PHis not exposed, is used as the |ight fluxes LA LB from
the LI A sciEQIeoUion | eXpPsiEe APPRE2HRF 2P dhoBY the féssbtspdetern 49P
whi ch has been devel oped, a | atent image of the evaluating mark 49 forned
on the resfetidcs ok g%?é%?%ﬂ§P?6F %%Hﬁp?%,1BytH§iﬁ§aFﬁé—gP¥ﬁ%@R§6r 24a.
The average filmthjckness of the photoresist and the filmthickness

di stri but i RN b2l det BroF RctS Rl ends bhRescepling aBparatusdafecti on
result. In,this case, the resist coater 54 can be evaluated for a short
period of M d%echk XN Hov B pRRART3ERY 1By WhighpAoP&PESFRY can be
omtted. A:{' ht beam havi ng a wavel ength, which is not absorbed by the
phot or esi sTLEVIRT Cooling, Ypkeh tRefhvt hespthrenghsangdt aexposed, is used
as the light fluxes LA, LB fromthe LIA sensor 24a. Simlarly, the

proj ecti ont TRV R APPSR TAED ERdhALLRAFRY. thenapspdeppbvrdeasith a
filmthickness-neasuri unit based on the interferoneter systemor the

el | i psonetBFUIRSEEM HHECHPY ckieseafpst FheterBn 3ndt AR PRBRBAEYFsiNon t he
waf er may Qgiq%rect%% measured with the filmthicknessneasuring unit before
the exposufRiClER thRAt-abForhing| element gychpesopogeltier element is

embedded in the base member. Further, a post-bake
apparatus 57 for baking the photoresist on the wafer after
the exposure, i.e., for performing so-called PEB (Post-
Exposure Bake), a cooling apparatus 58 for cooling the
wafer having been subjected to PEB, and a developing
apparatus 59 for developing the photoresist on the wafer
are installed in a direction from the projection exposure

apparatus 50 to the second wafer cassette 60 along the

23



the filmthickness of the photoresist, the dispersion theredf? i g&ﬂrpr
factors nay be detected by using an interatom c force m croscope. en the
uneven application as described above is estimted by transferring the
eval uating mark 48, 49 onto the photoresist, a state is regarded to be
established in this enbodinment, in which there is little influence of the

aberrati or%g%?ﬁ(?esféé)j :Eelg]rr,%%@eo(?%igﬁé é%%tlgg%l% }3\%{62,155 angi ng the eval uating

mark 48, 4 he cén on e opti the projection field
neal oct the i nffhcite roiREe SR, PaposRe8 SoratBFEr ct? i8R TRES ool cystem
o’ aborr at T P RECoRAY o e B Fo L ERe e RPaRLER OB i St v 1 el
ot under (0 chertie BHEEE OFS e “EhEL BhA R ¥ e P BrLdE Hve T o
T SR S A
getjer mi ned‘@gése%e o%lghefE]SeL%fgjfﬂ%ti ‘ﬁ‘l‘g‘?ﬁa‘gg%heﬁnigb%ﬁ rEEYYNIE YRl . The
mai nt enance Oé)rgéati on for.tf:ggre ist coater 54.in the step 109 al so

i ncl udes, TOrodkanpretatntetiLci {90y BPeFREPRRLPRNEHYR)OF oF D Hee k) cat i on
condi tion for tgﬁ 4%? tl? DEC 162)0?4 ‘gh%jo_resi Si"éi ncl udi ng, for exanple, the
rotation speet Und IR TAMRTYTOr LRV it i of BH AR $AfEF FREAMEELAL of the
S pi t t.h L, ncl uding, f le, th t d f th
vafer and TR s A PHYRE BRean gfnthie8ERAted 1 RGaE RJtoR AL, an

~ oper at or just the resist coater 54, for exanple, on the basis of the

PPt hi ciolR LARF (o SHRRSEnEe nerBof 1RE R b for (HeL Gy S
Al ternativel the host uter 27 y give a conmand to the resist coater
54 to perf‘fﬁﬁﬁrf’oﬁ Je%%f]g? thREe %%2 %‘?dtﬁ%rﬁb‘b?]r%%tm%‘fﬁl&%ﬁo‘??i‘b‘?ﬁ If the
resi st coatger,54 j mk# abnor I,.éhe operation proceeds fromthe step 108
Spﬁﬁ?f Jlit ss‘f)cf%r&‘gg%‘i‘%,etlﬁ etti bh 2FEMA9d which correspond

to the ste
to the diffracted. light. fromthe resist patterns 48P of _all of the shot
areas SA cﬁ"le]f%een(gﬂa‘?%fawy sH6wh ﬁe F‘?@‘i 992«, the L 1Rghr Potde SEEBREY 1E2 mai n
control system 22 shown, in_Fig. whil e corresponding to the X coordinates
of the wafer®>Stdgh %@“b@j ug‘?]ﬁghcl’ﬁ%l?%AtE%n‘gﬁfeg4B? o?%%g%qli%n@iﬁtsensor
24. The Iaistezr.sbeéirm LeS i.s radiated in a slét,-sh%ged configuration fromthe
LSA sensort 248 <& THER Theh SOuH Baahreed  EReRT i Ot Rk L R9 ebhfon as
depicted wth the shot area SAC sho in Fi 5A, .Wen the fer stage 39
(et ven JeeRid iRt R e T te  Zeco de.atiag enher $8: FRrnatn and
the | aser heam LS, the djffracted [ight i enerated fromthe_resist
pattern 4 _gtrooﬁ %aaf}?lﬁ'glloae@]erhg YA LR ’?‘Flg ?%%i‘g? PatFEFge 48P | sThe
1rrad'ate%é@&ﬁhtggﬁlffgﬂ;q&so provided with a mechanism for making

sliding in a direction perpendicular to the second guide

member 46.

A delivery pin 45, which is capable of making rotation

and vertical movement for performing the prealignment for

the wafer, is installed in the vicinity of a position of

intersection between the guide members 42, 46. A position-

detecting unit (not shown) for detecting the positions of

two edge sections and a cutout (notch) disposed at the
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17 DEC 2004 beam LS. Accordingly, the main control system 2170I&E@r heS a
range of the X coordinate of the wafer stage 39 at which the | evel t he
detection signal of the diffracted light is not |less than a predeterm ned
value. This range is regarded to be the length LX1 of the resist pattern
48P in the shot area SA;. Simlarly, the main control system 22 determ nes
the lengths of the relPs)%'?st attern 48P in al] of the shot areas SA. Measured

val ues ar SuphI FEFY Hostt cupdtaten As |iIpgtpkledaroynd ikhe s assuned
that the s e of the devel opnent is unsatisfactory, for exanple, in the
shot area ol 1t ‘g?g. ggya e 4%@% et J)tlshé:‘?ré%‘?@%c t 9 48P i s
smal ler than LX]. Therefore, the length of the resist_ pattern 48

cor r espondF WP the RY Jthe Juide ‘B%Vég%%n‘b%t Ao §he phder of 3« ke
principle,_the APOSt co ucﬁer 27 assunes that the average value of the

| engt hs of2%¥R +esidt- gé)ﬁ’ b IBPLYSrAaMmIBi4he shot areas SA on the wafer
WL and the dispersjon (for exanple, standard devi ation) represent the
uneven devel opnEfRIANASEN Upbhl the TrRAR | Bhedt PHRIMRIREPHRADIRSi st in the

- devel opi ng apparatus 59. In the next step 11l, the host conputer 27 checks
whet her orPRStat 1N RV Hpi hit PR UsSHE¢. st it Fide 1l idheier or
not the uneven devel opnent (average value of the length of the resist
pattern 46 SRl HRGBF PN ) S el er AR Eheet et fakenl ovhich nkg uded i n
an al lowabl e 51 i 7 DEC 2004 range with respect to the target value (O
for the di'R%iVH) PrERcihdctirst wakehrARoiesiatdbior Here dmeihidg type.
If there is any abnormality, the host conputer 27 issues alarminformation
on the de-@%ﬁ!ﬂ?@l%@%rta%sh%ttwmmt%g‘m oks transreyErRd thekkto, the
mai nt enance is perfornmed for the devel oping apparatus 59 in the step 112.
In the st FIHH FARtEathlBla t Hee cheaREPFt thinel’e opibrtheondi tion (for
exanpl e,' the deve|opnent tine) for the devel opi ng apparatus 59 based on
the uneverPRRVIIGHHENtLT aprkid e, the rwaskerp| heWwaker ope? afbichr t he
host computer 27. After that, the evaluation sequence corresponding to the
steps 101 &hf miwtangsiat thambern amplieds atfi sﬂcwsw&a@v@r%ﬁﬁg
apparatus 59 is not abnormal as well, the operation proceeds fromthe step
111 to t heP%t'dl PXrrfih IPPIFYLuD LY A gt @ hing npRa¥akwat $on
characteristics of the projectjon exposure apparatus, 50. For this purpose,
the phot or¥qRd the JgAnRPEy hinentkpad Wafts {ekivered o BRe"VW8") by
using the resist coater 54 shown in Fig. 1 under the control of the host
conmput er XATSE 13 140t tHRe VRFQRICTRBIOR FRRFEER \RRPREXEBUD Y - BEKRT
apparatus 55 and the cooling apparatus 56, and it is | oaded onto the wafer
stage 39 ditdthe HHeh e ohl st ABpbeatals e (Reebt19n)in Sgb_equent Iy,
t he opening. of the npvable blind 14B is opened in a state in which the

center of eIV Rk i e RELIPPEN £ BB LhowPRg e first guide

member 42, then the first arm 44 is rotated, and the wafer,
to which the photoresist is applied, is delivered from the
first arm 44 to the position A on the delivery pin 45. At
this position, the adjustment (prealignment) is performed
for the angle of rotation and the central position on the
basis of the contour of the wafer. After that, the wafer
is delivered to the second arm 47, and it is delivered to
the loading position for the wafer along the second guide

member 46. At this position, the wafer is loaded onto the
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17 DEC 2004 Fig. 2 is allowed to coincide with the opti cal aqugg?daméthat
the illumnation area of the exposure light beamlIL is set to be

illum nation area 35 having the ordinary size as shown in Fig. 3A (step
122). In this state, the evaluating marks 36A to 36D, which are di sposed at
the periphery of the effective field of the projection optical systemPL,

can be 11 yiragt a1abp shecs! eRe1adrolne:RLal S6L1 OB ExBgBUT goappar at us 50

shown in Fig. I'S regar as a projec exposure appara%us of the ful

field eXpQ?EE?oEMEﬁ £8pdy %Eﬁﬁéﬁiggcgh¥§ 39855 agRéBW8§E%P %fﬁgregw are

exposed with the 1 nmages o e eval ua marke"3

[ Tuminat] o5 geea, 35yt ho,3td ol ot hecREaLEchigR opLl el SgLEm PL {0

accordance wt -rep ea ner

of "the wai S E9IncEop 3?%%2@.%?%2ﬁ ?ﬁignce %9eﬁh?vpdaarépi?féﬁgﬁ“é?eZSrE%CQ

SB2, SBNZ (they are representatively referred to as "shot areas SB")
each having approxi mately the sane size as that of the conjugate i mage of

Girection, The TRepBRFELcNenborarBiehchg, BYBRRBEEIAP: RoPRe | mages S6AP o
the waf er GBULFESR neekbO0TPar S 8t RRegoF PadukaehaeBBEEroBP g  Aobr at us
2004 shountPneb? bgrﬁnggga%aigﬁss 8 gH%p%ggg%ggdgggi%§%%;ﬁgngggI837OEEC
.§22n2ﬁ2$:e§§V|aA?ﬁgel anspor IWﬁ%e§2 ﬁéé?%sFggﬂggégﬁggg?ghfﬂggﬁafer
A A S S i
mar ks 36A gygégtﬁégs%g PPYRLY, ing Fggnﬁad m-t i ?gapEEt%BE shot areag SB
R T i s
respective?¥ éséé ggvg(coavex gﬁr ﬁufﬁecgﬁﬁggﬁﬁgﬂgngtgﬁ %gg,géﬁécﬁine
patterns sBABEEE §%§f£9§ %%E%8?£?h§g§§8FM§?§§§r o herhes ki 8 =08 shoun i n
Syat em undaF CRReoRoEPRer P L e Ry o CBRERoP 3§§§ﬁ§zﬁoa§§%n°?nt2?gF'§
case of tra-VEloBheRtp gL%ﬁ§6§§yég SRAINEPGEBH° Phe wiBEREAARE HY of the
A Tt Y O T R e Gt At At
59 have gg§9%981uggegﬁgﬁsbgﬁkeahslsﬁg'%L8C£raxsggg£ai&%a'EELCSnafi obtained
h is accommodated in the second wafer cassette 60. After the
completion of the lithography step, for example, one lot of
wafers, which are accommodated in the second wafer cassette
60, are transported to a production line for executing, for
example, the pattern-forming step such as etching and ion
implantation and the resist-peeling off step.

-In order to form, on the wafer W, a circuit pattern

which conforms to the designed data within an allowable
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17 DEC 2004 Therefore, the line width and the position of the ngiﬁmu
pattern 36AP to 36DP depend on the image formation characteristic (for
exanpl e, the resolution and the aberration) of the projection optical
system PL. However, even in the case of the resist coater 54 and the

devel opi ng apparatus 59, the uneven application and the uneven devel opnent

in-t , t t 7 { |

W dths and TREhob t Lo sr St ALy shrE, B8 PR TR e T s EbT rdd t "The
d ] h ' i, dt th iti f th
foai st pat o ntSERee thv S et A PHEE, Shoehs ket Rl SR e hef e
obti cal  syaf crerrthEBTEhE 8 i B HRLES BF e brRRE e h R G LEEEE Lo, The
host he di t] i ncl udi t h ifigati
errory of FReeeteRYalY Y out {art 8l LhRRe wofe crpaPe o b €%ne o
step 126, The FObr CEhRRVERSDY CRECkArRhet hbr s Br AEGEETPEY pi b; SBR1Bn opt{ cal
tem PL | | . .i.€e... wheth t 1 | uti dth
i Stort i ont i SPUSFER ot ranel obhe sen Bl ¥ hebEaea o Hhe ofafre Pnges with
t to the t { | Lt i lity, he, host

comput er 29188 BhOCH e et Fortiari 5 65 EREEUFBIECHT RPBBLPLSI 8y 3HER PL o
th t Co i th t h dj ust t is 55 17 C 2004
bor formed Fobataet rBFERe PSR opvreahalye, B B8 FROPASAre kp A95EOTR (hi s

, alth h_not sh th jecti t] t PL sh in Fig. 2
o pr ovi ottt TROGTT Reght? of Mat POREEHEPERREP| PP CEALFBER 7Y TEEhani om.
whi ch Kk it ible.to finel I |it f det i ned |
' the opt FREFCERI BY ¥ BT} ThE  SXpRRHT G oRGPARATTRCPD e bR pEaFaFT Ly of
predeterm ned | enses. The image formatjo .character'stic-ad'us%ing
nechanisn1?%°%2§d°foeﬁﬂ?%%fet & %rﬁ?%%i?gﬁoﬁp??chgéyg?eﬂ??%?b Ft 8P that,
th I ' . _ di to_the st 120 to | 26 b
_exgg_ﬁtvee‘?ui’%%?ﬂ é?ggg@ggl{f Eé‘téig t%?ﬁ%f | oﬂfﬁé h‘&gﬁﬁfgg‘?%ﬁ%%ggﬁﬁ?iggéecﬁgni em
i s disclos i.n_Japanes at en atio i d- ope . 6- .an
Uni ted St eTETE PR S, TRoLetS (V8. BREE LIS caBnihRg T REFaY oASRRERCEs b8
[ t h in b f . _The. i f ti
char acter | SRS 8 PHoh FERr i Sor o oL Al QU ERBOCT REnTVERhEnPRPOFRE Cent r al

I t f lLight b L d th l'i ght
source 1 By iBhiT bl 1Tnb S REVEr BRY RO P UeIPRgr BECPRBROBFoLRE BRpbbfre -
| i ght 1. The ] ti h terjstj f th r0j. ecti '
opti cal sy STER PLe SaiBe & B adi LT e PIcHeahE GAToRE GRVAFERGOR SN fr. It
t he i nmage £$£P$%&Pn characterjstics of the r8'ec ion optical stg PL are
not abnornal, the %p%?a??%%f%1%c%%dgs+?%n¥9%e %Y% ORk%gtaPPﬂgaﬁﬁgp §E8 to
evaluate thegipgl fynap ocharaceri siieeoln! PRPLOLSELES in which
the characteristic of the resist coater 54 (uneven
application in this embodiment), the characteristic of the
projection exposure apparatus 50 (image formation
characteristic and OVerlay accuracy in this embodiment),
and the characteristic of the developing apparatus 59
(uneven development in this embodiment) are included in

predetermined allowable ranges respectively. For this

purpose, the projection exposure apparatus 50 of this
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56 17 DEC 2004 exposure apparatus 50 in this procedure. For1?th pﬁr ose,
the photoresist is applied to an unexposed wafer (referred to’ds 6\4 ﬂﬂ%by
using the resist coater 54 shown in Fig. 1 under the control of the host
conmputer 27. After that, the wafer W is treated with the pre-bake
apparatus 55 and the cooling apparatus 56, and it is |oaded on the wafer

t 39 . ' [ 50 st 129). Sub tly,
: tost ret rEPASIERLCE! PheGrROPLEE OPEE NS A ERER ofPhi ¢ srage o1
shown in FLg.q a&fﬁ&pal Og)neAs s@ wn in.Fig. 7B thﬁee irs_of
Lvio- d B PR ket RS APt Edgbeim adest  hase bt ivbise P e
prgdeigfzfééga'gggzgg?s Eg ?E :E nning.direction SD (Y direction)_in the
pattern aré€a oJf He-t 8¢ ?Jét'gre %.p’é‘g@ﬁc FOR N RUAT %t?%aﬁ% %2 %@A to
62F is f I ith t | - and- . patt int
oo oo TReL Sy TRt car a8 AORro0Ne 502 AL REBe Ly Lot

ti hot SC th d with the, | f th
cval uat ngtTar ¥adSaerTabion O tEnE cathe: FRPAr PROBS t HESBFGEbTotRe
projection optigal systemPL in accordance with the stepand-scan nanner
(scanni ng expostt®: rnPlryS 5y BSRHBREAS BFEFRIFRBRT cRpoblr cPERparhicR 50

shown in Fgggoz. In_this €roc§&u%e, ith reference tQ Fig. 7B, the test
reticle Rl TRRn2RPI TR 2a ﬁ?ﬂ@”%r%?i%ew TROFABSBRRREY o°F he
illum natign,area 35. Corresponding_thereto, as,shown in Fig. 7A, the
respect i veggﬁ%telil?%‘iém%ﬂtt heﬁ%\ﬁ]ﬁﬁgﬁﬁr?gc‘%?{:o H%9 peér Zﬁbﬁggaﬁﬁ‘éﬂmﬁﬂ h
respect tolthe siit-shaged esfosurg area_3§P. Fig.,7A shows the wafer W
exposed asTHREEr+HHTT POVECE W YAVRLPRILRELIPS ﬁmg.lqAPS?ﬂefgipﬁgure surf ace

of the wafer WA is divided into N3 < N2) inpdividual s of shot areas SCi,
SCz, ... SCREP{THE ]gjr% te ?%E%ﬁtgfi \(/Ié‘PVeY%?)erF'é‘as‘Fo“%%Diﬁhi‘ﬁ theas sc)

each having _approxipately the sape,size as that of the device to be

pr oduced, %?ngﬁﬁﬁtg?ﬂ?%eﬁoﬁF?EhgglPﬁf?ﬂ%'X%ﬁ?r%%??B €an@ FRE S%Q1PEEtI on.
The respeciive shot a%eas SC g&g exposed with the irravrgé)sé 62AP tao 62FP of
the eval uat?hgt nbVYRESEIMIER: 6287 r REheckP Vel assT (e nglhsy 193 the

wafer WL after t exposure i s transported to the devel Qpi ng apparatus 59
via the po%‘[‘ﬁak%hlgﬁp%elfs EAVET PR ' ddiG ﬁﬁ‘”apr?a&‘a’tﬁbqg%% Y9%Fig. 1.
In the devel opin apgarﬁtus 59 éh hotoresist on the ,wafer W is

devel oped.geﬁ’igrwg?]ér Yol oFf e I ﬁ%\g%?t:)p?reﬁfg]?sh??'ﬁﬂgbﬁr‘f’@ﬁevi a the
transport |ine 5% and it _is_|oaded onto, the wafer stgge 39 of the

proj ect i ondBXPHRLPE %5%%r%?u§ %%méﬁgPa?cFﬂrth?§eEas%? rd3sPETCPa¥terns (al so

f dt 62AP t 62FP i / t t
cor ?Légpndfﬂﬁgt ozf’is% ?}ﬁ%ﬁ%&%ﬁ T’J?%ﬁ%%fﬁaﬁﬁé%ﬁﬁgg%%%ﬁ6%31[“”*'5?‘3 y
respecti ve ar e [ ne on e espec ve Sho ar eas on e war er
honeCt n Fedpodife| PIORE SoEaE LnrPBich fa30Stnabsarat il e and 1 b

DO ome PR S PO RSBl ol S SR ThrBER B Ta 470 ©

measur ed pgaégéggtﬁgghgh a beam-matching unit (BMU) 2, and it comes
into a variable light-reducing unit 3 as a light

. attenuator. An exposure control unit 21, which is provided
to control the amount of exposure with respect to the
photoresist on the wafer, controls the start, the stop, and
the output (oscillation frequency and pulse energy) of the

light emission of the exposure light source 1, and it

adjusts the dimming ratio at the variable light-reducing
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58 -17 DEC 2004 alignnent sensor 23 based on the FIA systerfl [ "
control of the main control system 22 shown in Fig. 2. Measured val ues are
supplied to the host conputer 27. The host conputer 27 deternines the
average val ue and the dispersion (for exanple, standard deviation) of the
line widths and the positions of the resist patterns 62AP to 62FP in all of
the neasur ggighat R”n3%moasie © r _ u val ues with the designed
val ues. Thus, the hégt congu ergggﬁégh%ﬁ§¥§§§%%g%'yﬁgﬁic contro
characteristic @her SHERNS 19%RENEUY i 0 racteri sti tween the
reticle stage and the wafer stég%)%%%?fﬁg”tﬁ%ﬁg%bﬁﬁﬁnfagfﬁ s%ﬁgogﬁ he
proj ecti ontEPQSHiS RPN ahLYS [ e formation. characteristic such
as the distortionloFﬁthel r%jgchgﬁgébfgga 3§y§1gﬁﬁﬁLt%§Vu§ Jet&&f6d as
the dynam gre@ntk haragt e SheGd a nner,.as ,described above.
PO, sy SRR Sonbsd B 15r e o N, drtior™ir 28 itne

In the next step’l computer

dynam c co 3 acteristi ¢ .52 rqal . Lf _there is any abnormality,
t he host cghg%%eﬁﬂ§% %Sgﬁggka é&nﬁing%rna Soff e SRFVER @ScAnfrdst

h teri skhget di th t he .adj ust t i
per for e i Phe B oy 138 T 6P TP hE o (AUR Ly aaR C) IRPRICHaE aranile, ¢ he
reticle stg rs for

f 39.. d the | [ f
measuri ng CAECRAEr 1oL oP P Rent AP RATJOFRo TR0 14E 4 -SbqtdHes

o ne 1T ERg A%pE" 8o EBRBeR Fabfal A" SRRk, At YRRl A aPaPPEREL ¢ i n
or di nary chasturenainy paPReR: Sacala. apabront TRar Gansre. unndt nE

Cystom pL Sehce,attRqey ferRbaCFLR o A0RCd e e, 90 “BiBbe SR HBENES, Anges of e
vt er . oy Beohg: SRR oPrRCelo B eBRALHE Consor 23 to obtain the line
Gevel opnent 7 BUneRECFBP el HESBRORaPCELEEes 01 Rt oFRanPRSoFAEPGAPHNY 1 he
oou ts of Pl nShecat Gech: Akpee MR adEaRC 0pTatEG MahiontTaoing pddRur i on

and the i e r J racteristic ,s not affected.by. the devel opnent
treatnent?agegggsggéhgadgggl%pg ﬁti P%a redt &g ﬁBtOBg&F%édfo?ﬁéPEfore, f or

le, t i t f L i,od qof ti i t hout
Gotorn ni o PREESHELI8nCRIARE FUALED BYa0E of RN SaREhiBE:Tony A <6 when
t he dynam .cha LSiic.,ls e ated.in the step 133, the | atent
inageg nayg%%e§%§g%%g§ ?%§%§§EZ£%ftb§ep¥§§§§p B&%P8r2§e§ﬂcﬁﬁepi939dating
ks 62A i : d i bed, ab ) d i bed ab
TS amnerbsthe e SR s B s H R bh S B ney R USPRR SNt vhen
.the 60 L5155£%3884§1ate 10 is switchably arranged with, for ‘

example, a circular aperture diaphragm 10a fof ordinary
illumination, an aperture diaphragm 10b for zonal
illumination, an aperture diaphragm for modified
illumination (not shown) composed of a plurality of (for
example, four) eccentric small apertures, and a small

circular aperture diaphragm (not shown) for a small
coherence factor (¢ value). The main control system 22,

which collectively manages and controls the entire
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evaluation is nade for the resolution and the inage fornatioﬂ? DEC 4
characteristic and when the evaluation is nmade for the dynamc cont?@"
characteristic. However, in order to evaluate the devel opi ng apparatus 59
which is the part of the coater-devel oper section 51 (substrate-processing
apparatus), it is necessary to obtain the characteristic of the uneven

d I : . d I t b tely_detected,
't necessaret e LEhcbE Eha RS UER L OR B RBER Ry P UBERE U The ERLOERE
licati f t ' d.t . det i ned.
thnever. e PhefraPe A RhEhoRp LBt Rons; BV ERF: 60 HE HRECAF BB Above.
ly th | j ' . det erm ned. Al tively, inth
of & procehateF oS08t bR ehEY AL TpREPAERCE P A BReven appl i cation s
id dtob L1, th d I t be, det i ned. |
he embodi ment  MBSEr?bed” abies PHESF hndbIhbr HEFRORLenEhAEhePFERPES of ¢ he
j ecti s.50 i t ' : : bl [
Even when 503 Ghe ra8BPRAnELS: 2 Ret f0anTapEt Lher BrbaaconEhERRdRn
devel is_determned wthout_ determipjng the i formation .
char act or | SR cPSEEHER Rt BehE A88, 0% FoFHERE,F dapROH SEUUBAELEBR:  he
-Iithographg s%gte of _this enb dtnent the . npvable blind 14B is used as the
variabl e f7ela" d4phr3ghr?l %Rﬁb Eernllehichs Basedalighion with the i nmages
of the evaluatin rks 48, 49.in the_narrow field. Therefore, the 61 17
DEC 2004 c 5?%%?%??%??% %?dtﬂelBVofﬁg}?SﬁaﬁﬁﬁosU?EeaﬁﬁaPﬁFﬁﬁ 5§9ktn be
~di stingui shed fron1tﬂe.char iteria:'c of the resist coater 54 or the
- devel opi ng”apParis 5§Stﬁe% PFOHP PRetBGaPEaRi BRI tRTcdde. PRBFBREr, the

two types pof the evaluatjn rks.48, 49 are used. ,Therefore, the
characteriEPI%ug? h l$%§r§?fiﬁsfé995£eean1%e ardt thgtiPBREJLIREBNRRhe
characteristic of the develo$bn% aggar tus 59 to performthe eval uation
with ease. TRCEHTAFPGISSOPRE £91 FOGPARRY SfsheRiebnebechlitsieheetRF}ty and
qui ckly. Igd%he enbodi nent esgr'ged,above, when the uneven application or
the unevert daveFopheht SE4RALR tt CalPbRABAECF afi§BSCRadB| ySWRBAPAAG
abnormality is observed in the rﬁsist coater 54 or_the devel opi ng appar at us
59, then the Waf nTaRARLES (FOPLERLMINEE the cRBRgESLRTLRRSRAB| Pehveen
condition or the devel opnent_condifjon) is performed for_the resjst coater
54 or the BiTerSET T abararat 88 Hhe\ hatSoBREoR0acnpet 2hogadernst he
uneven appljgation or the uneven devel nt. cannot be ipcluded within the

al | owabl e %%é%ﬁﬁ??P%ﬁw@ﬁk%@%seﬁg%ﬁuﬁﬁeﬁggﬁE hafht thafRetREs¥BEER Be?for ned.
Therefore,, for_ex le. the exposure.condition (for exanple, the exposure
amount ) fd?hgﬁ%gggﬁgéFéwﬂ?gﬂei XE%?%?n?ﬁeﬁrﬁVl?ﬁﬁfﬁrﬂF@gBFSﬁ E%EB%EPe

appar at us %%Equy‘Pe chqggeg SO t@at he change of {the |line width of the
circuit pattern or fne™ k" tb° e PorfetPof THEOWAS &7, thRi ERPRBUIE be

et SO L AT e LS SR BBE G2k 37 95 1P wreven
J constructed so that the illuminance (average value) of the
exposure light beam IL on the wafer W and the integral
value thereof can be indirectly monitored in accordance
with the detection signal of the integrator sensor 20.
The exposure light beam IL, which has been transmitted
through the beam splitter 11, passes through lens systems

12, 13 along the optical axis IAX, and it successively

comes into a fixed blind (fixed illumination field
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17 DEC 2004 exanple, the exposure anobunt is allowed to partLﬁZU% ghﬂﬁ
t he waf er dependi ng on the uneven application or the uneven d E Ve
Accordi ngly, even when the uneven application or the uneven devel opnen
cannot be included within the allowable range, the Iine wi dth, the shape,
and other features of the circuit pattern fornmed on the wafer can be

allowed to L a coi,ncide wth e _preset ta.., Furthe when t he
exposure_c%%%ﬁﬁ%%ﬁ&gsi%és%?gb%dm%%%b%eiéT&ﬂgngﬁavﬁgggnﬁ%i@mbﬁa{%%nuneven
160 35 chillal Aaheaam) TRV PPIRE tabherrmbkabiivh it Re Fehott i pea” o7°
above. Fur n en_the uneven.application or the uneven devel opment
O b L a1 P S e S nACE SRL AR, pieh, BhaPect | R BRe et E¢Fe n
exposure ¢ jtio s described ahoye, erforned, .if necessary.

PP rror C (RIShe . OheRe FERRCh e BN TR 10K, BT PR e o BigAe
abnormal ity, 1S, observed in the resjst coater 54, then the photoresist ma
be appliedx?%c?héswg?g?cgﬁﬁéngfgmt#gﬁsFBPJFﬁ@tEVBiﬁﬁ?ih& ﬁgrk after g
perfornin%%tgﬁ%gainten&nge f0£ Fhe resi st ioater 54, nd 3 transferred

i tage nmay be LMY o2 BRYRF i nECY nEXBHBVEN ABVELDBPHEREd Alternativel y,
the detection result of the uPeven_develognent in the steg 110 may be
correct ed OPPENEBaERESRE ARRLLGREIAN APAFFcEPEBnNC Fut T hRP2 1 dnRAd any
abnorna!itg ig $b$er¥ed Ln ag | east _one_of _the resi st goate£ 54 and the
QeveIoFlng %b A ahﬁi %?, ?F%_Fe§$uiﬁn§ﬁ?'?éggf?rﬁ?SPﬂ% $39 EQrffﬁrzgg

i mage for i op. char eristic. o e projection exposure apparatus ma
be gorrect oﬁl¥% %gﬁ?g i%AaPa?eﬁgtogﬁﬁkﬁﬁ Whécﬂng§eﬂrﬁﬁbg$€aFPon and tKe
uneven devel o nt in the sane. ppnner as descri bed above. Alternatively,

f or exanpl%?tgﬁi %Qa?uif?ﬁﬁrnﬁ}ktﬁﬁyaBﬁatFﬁﬁg%ﬁFF%HlﬁﬁaPﬁ after perforﬁing
the mai ntenance for at | east one,of the apparatuses._In the_ enbodi nent
descri bed Eﬁﬁﬁﬂ999$%ﬁ the fﬁ%ﬁﬁtb?ntﬁgeEﬁggﬁgFPﬁgcﬂﬁ}ﬁcFévﬁiﬁjected ont o
the photoresist in order to, detect the characteristic (uneven application
or uneven e %’f%%‘ﬂem)a%f "$hitrekared GapEignEabioprhe ﬁneva GbFﬁggé@Bar at us
59, the narrow field.is obtaj ned by using the novable blind 14B. Therefore,
t he unevewp%ﬁﬁﬁ?%%f?%%roFotﬁ%euﬁﬁﬁéﬂlﬂﬁngBBﬁEﬁ? diheBEleBaPrbat88 at a fine

spaci ng di stance op the exposure surface_on the wafer, However, if it is
unnecessaryt o eval Uit e ?hgcﬁﬂ%Eeﬁl %glPéaFPSnPB?JFﬁElﬁﬂe9ﬁﬁlﬂééelopnent at

t ly fi ' di st , It f | uat | k b
T ans orr G TLCDREL T oSbRLThoE cho mPERblh, itk af GrBTehne of exposurc
ti ith i field i ' . hi , |
oxarl e, 19 THTPIRT o1 bR RS bF i DnaBhEAdR: of | EhPCOEGROE

avoi ded, for_exanple,.by neasuring the inages. of the evaluating. nmarks at
i denti cal fﬁ%ﬁ??ggé'i+ﬁt?@9 eE%engﬁetgﬁnggFEagf Fhetﬁgigﬂﬁﬁa eht

descri bed Pb Ve in order. to eval uate.the E[o'ection exposur e apparatus 50,
the resist %ég AFDEC 2B PIRRRFAI oL FRECIARGER PTERE pPefBPEHNRRE
eVaIuatinqlnark i s nmeasured by using the alignnment sensor, 23. Other than
the above, "HEUFIII0E FRNTTapaeeR Bafefitant. 28436880 oPLeklfpl e, the
calibration for.the image formatjon characteristjc of the projection
exposure apparatd e Bt Per FBENERSBFCF OV ABOL ﬁF@B%tan¥H§d conduct or

pattern with_the prg%ection exggsure apparatus 50, and neasuring the

resi st ancd e of FHetRShauthermpRablenblind 148 is also used to

vary the size of the pattern area of the reticle R or the

width thereof depending on the evaluation objective as
described later on in relation to the direction (non-
scanning direction) perpendicular to the scanning

direction. The information on the opening ratioc of the
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Further, the alignnment sensors 23, 24 shown in Fig. 2 and th '
evaluating marks are not limted to those referred to in thquﬁggﬂfgﬁﬂé
descri bed above, which nay be arbitrarily constructed. Further, when a
transferred i mge (for exanple, a resist inmage, or a latent imge) of the
evaluating mark is detected in order to evaluate the characteristic of at

oot o HoyhBer 8318 $A81 25 afeo! BEORTTLACEROPNEXBRRULRLAPRARELSD OO

and the devel opi ng appar at us a regls ron

apparatus ghithg: i kineWiehel s, hmsﬁregrggcg hgqt By ggg@ ggyg?gjggsteﬂl may

be used. In & coatef-deve oper geet | tion

exposur e a@pfﬁﬂ&ﬂg?ggsgéﬁ MEhsatﬁgoﬁ hae gLl 9082££§Ct y SetB?ov.ded

Alternative ara FBf exanp

Pﬁt2§§2réQ%%EQaF?ﬁBEﬁE%P$3??%§°a%?Ehaéﬁﬁﬁ%i538??ﬁ£$¥ o R
nunber of 5P€u39p§ifﬁﬂ§ﬁgg&8 Qg £ corg%a dinto the 65 17 DEC 2004

coat er - devel oper Sectilon are n ‘to those used in the

availsole. For Hianerebding %i§ﬁ§¥@%%§t2£:5a ih ks "ha S8R apE REoBhar at us
coat of devetBber ea poupd: A8 SRRETLFBe PruEhaPh o RpR e RAREN has
devel opt ng* MBS 48,2 %bcaﬁaﬁ”Eégas§§5xsﬁﬁgﬁ¥§?;i%rS%a ShecEYetaBpafal us 50
of “each Sﬁf%ﬁelﬁg 8'9 BehafSohe D Sneiar AR hpRERESeR 1 PO pieEaharn
82??LZ'r'yeépéffr*a%.lﬁ%f”pég?ﬂ%né"s?'ei°ﬁ§§5§%%ﬁ%figfféh ot 411 EBIB3 EBnARng and
or ovi di ng. thEUEEFCRT aPEF E%iﬁﬁcihéfﬁéé? }d %ﬁSSmeg RBotfent . at

appar at usoanFor L ARl SR et FERRBYr g hey CRERFUBSEr FRcRDEOBORKE i n
ZBBEIrﬁféq%roéﬁsﬁﬁﬁéfgﬁ%éﬁaéugon - oRE "Brdmar fent §e§§$bé2§tiﬁeéi the

prol U1 o1 EHOGEUY £, 800 2o, REoETh O AL E200LAT, X pRRVE S, RGR, 1 voed

as the exposure a ara

appl i cabl e; O u to_us tion.exposure_a rat us
(st epper) b%se onP%ﬁgggtég %epfe§?€EEE%§6§4PEﬂae?gbgatmﬁﬂﬁﬁ%}CﬁF&PP field
exposure gfé%§and an exposure Z@paratus based on, for exanple, the
proximty By nFhi SFRMRLDr o} t?%n1é§bt%h¥?%gﬁsﬁﬂe FopiaekEionhe
exposure |ight beam (exposure beam) is not limted to the ultraviolet |ight
beam descreRetcabovestemrPexahirl, 15 heeB¥eenghicbennbohht hédsef t tiA-ray
region (wavel ength: 5 to 50 nn) generated fromthe SOR (Synchrotron O bital
Radi at i on)the ngl be-shepedsexpptaceapareghi{ psojectionyabeaused. al n the case
of the EW exposure apparatus, the illumnation optical systemand the
prolectlcnPQkﬁ¢%@Jl%@%@e@¢@3@g@bﬁszuhteuebylbumynatpburateay350 B8Pl ecting
optical elements respectively. Further, for exanple, a charged particle
bean1such‘ﬁ§1QNM?QP50¥%§lS%nl@Y@ct@mntheawafandWaas|bhebsabsnﬁgtbe used as
.the exposure |ight beam A sem conductor device can be produced fromthe
waf er W shgbstraig. t@ bdhexpesed pnalucangedevncehésipagdufedmbyion
perform ng, for exanple, a step of designing the function and the
per f or mandelaie tde theipejeckiep optpratusysgea PBti cThRebasedcda Rhe
foregoing step, a step of manufacturing the wafer froma silicon material,
a step of axposhiagrafer idfean e hregpededr tioobet hker eirsteobyeusi agdt he
proj ection exposure apparatus of the enbodi nent described above, a step of
assenbl i nchédesasvd eolf joct udespeat ivelng sTke, wvafbondi g, skep, and a
packagi ng step), and an inspection step. 67

example, a disk-shaped substrate of semiconductor (silicon

or the like) or SOI (silicon on insulator). The following
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11 DEC 2004 The way- of use of the |ithography systemis not.! Zi QE@&&%O
those for producing the sem conductor elenent. The present % i IS

al so widely applicable, for exanple, to the |lithography systemfor the
liquid crystal display element formed on an angular glass plate or for the
di spl ay device such as the plasma display, and the |ithography systemfor

(i or - oxanpl o &y 26 HEERL B ol Do Shaf NERa 1 ST R et e,
e o B PAERPIGY EYSPRLODL pedl o LY bl 61 S Lhsptocgdure Lo be
Ctop. Dot b ErcH e Yam B oe o 6 51 Rk Rla Tt eediet®ased for i he
4 900 030 Wi ore T AL o Bl LE TLRe el £ P& e BlSTr
course, s LCCRLESSIATNER! | oy S0k LA Ledb Ly ey Tood menty
doviating dgom (g oiel plaspeotiislashatacterhsice, ol Shepresent, |
Tesi ot - appl YPHE S0 BRSNS RtGAT o SPRS A Te T EIBoREEI Shi RigSt2pit o be
oo 17 et AR nS R antin Yo wha e ERe Thdpetfone
Gevel opi ng. appal A THFE TR That T 4ncthe HORFSHR R oyet BRFT AT Thor
SCEo 19 4y MV RS VEDL 0o O XML o Doy SRSl slie o (e
LR R o NI E Rt g RS T

in the Y direction and finely movably in the X direction,

the Y direction, and the direction of rotation. The two-

dimensional position and the angle of rotation of-the

reticle stage 31 (reticle R) are measured in real time by a

laser interferometer installed in a driving control unit

34. A drivinglmotor {(for example, a linear motor or a

voice coil motdr) installed in the driving control unit 34

controls the scanning velocity and the position of the

reticle stage 31 on the basis of anlobtained result of the

measurement and the control information supplied from the

main control system 22. The driving control unit 34 sets

the size of the opening of the movable blind 14B, or it

opens or closes the opening in the scanning direction on

the basis of the control information supplied from the main

control system 22. An evaluation mark plate 33, which is
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1. An evaluating nmethod for a |ithography process includi n37agE§pgn%cati on
step of applying a photosensitive material, an exposure step, and a

devel opnent step in order to forma predeterm ned devel opnent pattern on a
substrate applied with the photosensitive material, the evaluating nethod
conprising: exposing the substrate applied with the photosensitive nmateri al

with alig Vi n_eval uating patter.n; .devel oping the exposed
substrate P%m g?%?aogege ESﬁgnFubggfggﬁf df5s &S glghggFoVﬁg&n&EVepgpnent
pattern; apg_d .kning,. . froma resylt of the_ observation, at |east one
factor of gﬂeag%?ﬁgg?ignbpagﬁgrrﬁﬁﬁgﬁgnF Pﬁetﬁéfapplication step, an
exposure factor i.nherent,in the_exposure s nd,a devel opnent, factor

i nherent in theFEQVengﬁ%ﬁwssﬁeBia%hV&ﬁwé g@F%Fﬁélﬁgvélﬁﬁ ft YPattern
respectively. .i.n endently fr the ot her, factors. 2. The eval uating

net hod acc%%ﬁ?hggﬁg 8?3?%F19fmﬁg%eﬁﬁaiﬁagﬁgﬁ P@Fkipﬂéﬁﬁnésiﬁﬁoﬁﬁeln
evaluatingFggtt?rn IS ﬁestri ted _when .t he iubsttate is exposed with the
light beantvda fh&Sedd ﬁgangopﬁpPﬁPﬁlwﬁtﬁ deFOotgCd8feiitfle the appl i cation

factor and_the devel o t factor independently fromthe_ exposure factor
respective???l‘?aE af+ggég'2o &%g.r?ggrgﬁﬁﬁuﬁpi%dgneﬁﬁodwa@BoFHan to claim

2, wherein Bhe e%aluathg atbern i ncl udes patterns for determ_ning the
appl i cati ofi "FABTOFT1PheCdRYeFBFnBRLIFSELOR SXBOENE CeRPBELREUFaS00RAS

respectivel an devel o nt pattern, which is used to determ ne the one
fact or, iseﬁﬁég?gga’iﬁg8raEEEF6n8598Pn?H§atﬁé &RE Fhet 6KPPAYEBeAdEhtl y from
the ot her gghoig'set as indicated by two-dot chain lines so that the |
approximate entire evaluation mark plate 33 is covered
therewith. The illumination area 35 is set to
approximately inscribe the circular effective field of the
projection optical system PL shown in Fig. 2, and it is a
rectangular area which is slender in thé non-scanning
direction (X direction) perpendicular to the scanning
direction SD (Y direction). For example, four identical
two-dimensional evaluating marks 36A, 36B,... 36D are
formed at positions close to the four apexes of the
illumination area 35 on the evaluation mark plate 33 so
that they are included at the inside of the illumination
area 35. The evaluating mark 36A is a two-dimensional mark
constructed by combining an X éxis mark 37X which is
composed of a line-and-space pattern arranged at a
predetermined pitch in the X direction, and a Y axis mark

37Y which is composed of a line-and-space pattern arranged

at a predetermined pitch in the Y direction. The line
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4. The evaluating nmethod according to claim1, wherein the i ol
factor, the devel opnent factor, and the exposure factor are%gppg$ﬁzwgb

i ndependent |y respectively. 5. The evaluating nethod according to claiml,
Wherein the devel opment factor is determined after the application factor
is determned fromthe devel opment pattern. 6. The evaluatlng met hod

accordi ng £9achabi bne"ehel dntNena00! pCRLLAN FBETQLLEHOEYRD ppE! T cation,

and the devel opnent i 87 UneVen d opnen

eval uatingg ihé@?ﬂ?aﬂg¥k3¥€£eﬂé'” Oyd g%g??apglx gg urgﬂsiﬁhtch

applies a p otosensrtive naterial to a s ate 197 DEC

2654 anpar s el sypeReq LUBssUBs! 12 et of vy L1 e pLgLgyers v
material, %EghnfégﬁchOQBr£ﬁen91mit resolution of the projection

optical system PL shown in Fig. 2. 1In this case, for

example, each of the evaluating marks may be constructed

with a plurality of line-and-space patterns ha#ing

_different line widths (fbr example, pitches or duties).

On the other hand, when the characteristic of the
resist coater 54 or the developing apparatus 59 shown in
Fig. 1 is evaluated, the illumination area 35A is set as
indicated by dashed lines in a narrow area about the center
of the optical axis AX at the central portion of the
evaluation mark plate 33 shoﬁn in Fig. 3 by narrowing the
opening of the movable blind 14B shown in Fig. 2. The
illumination area 35A is, for example, an area in which the
widths in the X direction and the Y direction are about 1/5
with respect to the illumination area 35 respectively. Two
evaluatihg marks 48, 49 are formed adjacéntly on the
evaluation mark plate 33 at the central portion of the
illumination area 35A. The illumination area 35A is the
narrow area disposed about the center of the optical axis
AX in the field of the projection optical system PL.
Therefore, the image of the pattern in the illumination
area 35A is projected onto the image plane side by the aid

of the projection optical system PL in a state in which any
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5 a first step of applying the photosensitive material onto Lﬂ? @Egstrate
by using the applying apparatus; a second step of exposing th 12086 e
applied with the photosensitive material with a |light beamvia an

eval uating pattern by the aid of the exposure apparatus; 10 a third step of
devel opi ng the photosensitive material on the substrate by using the

devel opi ng,gRpaLALYS: i@ £9F£5Q1§t§8ﬂ8 agggsurlng a devel opnent pattern of

t he photosensitive nater substrate havi ng been 15 subjected to

t he devel opnent ?aEﬂlg éh%&ﬁlﬁéﬁE Ogsegﬁo%%t%ﬁg?g@?gpﬁgglg BFeYhénexposure

characteristic 0 e applying apparat us

appar atus. r 70 §Bch@fléctf§£gétlaeaf{law g Rk gg‘fagngggm? LUSCRNLED aLfect

20 the deve menf pattern respec |ve
o LSS 00 PRt K e JFIRCGOE, bt
which pr of eareed, 05“?11@69%%%3 Egﬁéétfg?ﬂ"%Hééhéﬁéu%%"’ﬁ%é%% o
" ormect AP BRSNS U5ED, bR hRe D, e |
e g ko UG ShESE L8R AR BILTEAIE SEOPRY, SHelgtng, L
developlngdfpgg£féHS areegg£gg%gg ag a predetermined pitch in the
| direction (Y direction) perpendicular to the measuring
direction. The thickest portion of the mark 48a to 48e has
a line width which is approximately in a range of 1x
(equal) to 2x (two times) with respect to the limit
resolution of the projection optical system PL shown in
Fig. 2. The evalﬁating mark 48 is used to evaluate the
characteristic of the developing apparatus 59 shown in Fig.
1. As shown in a magnified view in Fig. 3C, the second
evaluating mark 49 resides in a line-and-space pattern
arranged at a predetermined pitch in the Y direction. The
line width of each of marks of the evaluating mark 49 is a
loose (coarse) line width which is about several times the
limit resolution of the projection optical system PL. The
evaluating mark 49 is used to evaluate the characteristic
of the resist coater 54 shown in Fig. 1.
Returning to Fig. 2, the wafer W is attracted and held
on the wafer stage 39 by the aid of the wafer holder 38.

The wafer stage 39 is movable two-dimensionally along the
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the fifth step. 9. The nmethod for evaluating the |ithography ggét
according to claim8, wherein: a physical quantity, which %%r ! 6@&&5 to a
di spersion of a thickness of the devel opnent pattern of the photosensitive
material formed in the plurality of conpacted areas on the substrate, is
measured in the fourth step; and uneven application of the photosensitive

mat eri al , ﬁ@iBﬁaﬁﬁeﬁﬁgéﬁgggytBhghngh%hggP?%%%ra#u%heiéﬁgggégated in the

fifth step. 1 for eval uatr’ng eq P hography sys%%ﬁ1according

Lo olaim Sopthens! Bkl BYRLUL KOO, RILLERA LnGhudeRy, g Pyt oLy, g edge

- shaped pat?grns arranged In a directronin _ Ct | |
SodLpherstgeadt, ol RUOMLBILI: EUSKL LS, LESHLRN, Oha e 37 DEC 2004 the
direction on the wafer base 40, and it is movable in a
stepping manner in the X direction and the Y direction.
The wafer stage 39 is further incorporated with a 2
leveling mechanism for contrblling the position of the
. wafer W in the Z direction (focus position) and the angles
of rotation about the X axis and the Y axis as well. A
multi-point autofocus sensors 25A, 25B, which are composéd
of a projecting optical system 25A for obliquely projecting
a slit image onto a plurality of measuring points on the
surface (detection surface) on the wafer W, and a light-
receivihg optical system 25B for receiving the reflected
light beam from the detection surface to generate focus
signals corresponding to the focus positions of the
plurality of measuring points, are also provided at the
side surface of the projection optical system PL. The
focus signals thereof are supplied to a focusing control
unit in the main control system 22.
During the scanning exposure, the focusing control
unit in the main control system 22 continuously drives the
Z leveling mechanism in the wafer stage 39 in accordance
with the autofocus system on the basis of the information
of the focus signals (focus positions). Accordingly, the

surface of the wafer W is focused to the image plane of the

37



formed in the plurality of conparted areas on the substrate,Ls g@ﬁgﬁred I n
the fourth step; and uneven devel opnent of the devel oping ébgapa S
evaluated in the fifth step. 11. The nethod for evaluating the |ithography
system according to claim?7, wherein: the exposure apparatus conprises a
proj ection system which projects an image of a mask pattern onto the
substrat e; . e of the eval uati pattern i.s pr,ojected onto a plurality
of conpar t%ﬁ%‘%@gs BroRHE"R b%’ﬁ%?%n}tgrh'r ough-h }?%acelf If?ﬁ%ee]al% e JaSEea in an
effective field of .th rojectjon st in the secand step;. and. the

char act er 1 ST K%7ed et oF TSR ERY SRS o B T HU AP e b it Al T
‘evaluated in the fifth step. 12. The nethod foy evaluatjng the lithography
oyot om accll d BT o Bhe st o LTl Ex poh TR e U LAt nr g
exposure type. exposure par at us,_whi ch exposes e,substrate b

synchr ono #%;$ﬁ§?ﬁ%£atﬁ€§%agﬁﬁ he2 B Ut %R%f°£fgd in an ‘arbirary

amount.

The positions of the wafer stage 39 in the X direction
and the Y direction, and the angles of rotation about the X
axis, the Y axis, and the Z axis are measured in real time
by the laser interferometer in the driving control unit 41.
The driving motor (for example, a linear motor) in the
driving control unit 41 controls the scanning velocity and

" the position of the wafer stage 39 on the basis of the
obtained result of the measurement and the control
information supplied from the main control system 22.

When the scanning exposure is performed, it is
necessary to previously perform the alignment for the
reticle R and the wafer W. Therefore, a reticle alignment
microscope (not shown) for measuring the position of the
alignment mark (reticle mark) on the reticle R is installed

" on the reticle stage 31. Further, in order to measure the
position of the alignment mark (wafer mark) on the wafer W,
a first alignment sensor 23, which is based on the off-axis
system and which is based on the image processing system
(FIA system: Field Image Alignment system), is installed at
the side surface of the projection optical system PL. The

alignment sensor 23 is operated as follows. That is, for
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the image of the evaluating pattern is projected onto the plﬂ abgggg@&
conparted areas on the substrate in accordance with a -scanni 3 e

manner in the second 74 17 DEC 2004 step; and a dynam c characteristic of
t he exposure apparatus is evaluated in the fifth step. 5 13. The nethod for
eval uating the lithography systemaccording to claim9, wherein the-

xposure apparhite. e aEtEa I AREh 8 LLEAMAT F B W (Roar aphy System
sccordlng L enSheR 10, PIGRE BaoyEERETS| BP0 | TS Vel
vl uat  not OR RO 2 R ey chRBR CBF oFRE T EReT 2 Te BHaT et Hotpri i ng:
Gi oot i on SFCORELGRVBTER bR Ot SRECEPRT oF UHE R Of BB ehe | VTR or
formed in the plurality of conparted.areas,on the substrate; and.a seventh
step of oVAFESTI M uRBYRN SR BRBPTeni TORL (i RIEVETOpThG- Apfar Sthbie 25 16,
The et nodf o1 S8l VaLL 193 E08: L o9 SROYSY LRSS ELO8:LR £hAk A4S

the X direction and the Y direction with respect to the

index mark. Further, the line widths of individual marks

for constructing the detection mark are determined.

Obtained measured values are supplied to the main control

system 22.

In order to measure the position of the wafer mark in
accordance with another system as well, a second alignment
sensor 24, which is based on the off-axis system, is
provided on the side surface of the projection optical
system PL. The alignment sensors 23, 24 correspond to the
second sensor and the first sensor of the present invention
respectively. The alignment sensor 24 comprises a sensor
24a (hereinafter referred to as "LIA sensor 24a") based on
the LIA (Lasef Interferometric Alignment) system for
radiating two light fluxes (or one light flux in some
cases) having slightly different frequencies onto the
diffraction grating-shaped detection mark and detecting the
interference light composed of a plurality of interference

light beams generated from the detection mark, and a sensor

24b (hereinafter referred to as "LSA sensor 24b") for
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17 DEC 2004 an eighth step of applying the photosensitive mafé D& om0
anot her substrate by using the applying apparatus; a ninth step of éxposing
t he photosensitive material on the substrate applied with the

phot osensitive material by projecting an inage of a pattern different from
the evaluating pattern onto the plurality of conparted areas on the

oroj ect i onroyar Sne Ty P EATh EAT RS e CaPkRPne bl Aot ECbher ok et i ol
il Rt T
rESSunL ) QpUBNELORTERL BELEELRE) LIS RIORGREC R FeantEr AhidYElgred
s R ot RR T S ey
LB o, THERALRS PUPLBLLOR ¥ MLALPRARN L SHStmascrgLne 1o ol m T

Application Laid-Open No. 2-227602 (Japanese Patent No.

2814520 and United States Patent No. 5,489,986

corresponding thereto). As for the LSA sensor 24b, for

example, the more detailed arrangement is disclosed in

Japanese Patent Application Laid-Open No. 60-130742

(Japanese Patent Publication No. 6-16478 and United States

Patent No. 4,677,301 corresponding thereto). In this

embodiment, in place of the LIA sensor 24a, a sensor may be

adopted, which is based on a system in which one coherent

beam is radiated substantially.perpendicularly onto a

detection mark to cause interference and receive at least a

pair of diffracted light beams (for example, zn-order

} diffracted light beams having an equal order) generated
from the detection mark.
A photoelectrically converted signal (detection

signal) of the interference light of the LIA sensor 24a and

a photoelectrically converted signal (detection signal) of

the diffracted light of the LSA sensor 24b are supplied to

an alignment signal-processing unit in the main control

system 22 respectively. The alignment signal-processing

unit detects the coordinate of the detection mark during
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exposure apparatus for exposing the substrate by synchronous
mask and the substrate, and the nethod further conprises:

a twelfth step of applying the photosensitive material to a
by using the applying apparatus; a thirteenth step of projec

i

t est substrate
ting an inmage

of an 5 evaluating mask onto the plurality of conparted areas on the
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measuring direction by using the detection signal

5 app mnth a
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atlng nmet hod
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5 evaluating a

st of the
he“hBasur enent .

and it calculates the length of the detection mark in the

of the

LSA sensor 24b and the coordinate of the wafer stage 39.

The scanning exposure is performed after performing

the alignment for the wafer W by using the alignment sensor

23 or 24. That is, the main control system 22 sends

various pieces of information including, for example, the

movement positions, the movement velocities, the rates of

acceleration of movement, and the position offsets

of the

reticle stage 31 and the wafer stage 39 respectively, to

the driving control units 34, 41. 1In response thereto, the

reticle R is scanned at the velocity Vr in the +Y

direction

(or in the -Y direction) with respect to the illumination

area 35 of the exposure light beam IL by the aid of the

reticle stage 31, in synchronization with which the wafer W

is scanned at the velocity f*Vr (P represents the

projection magnification from the reticle R to the wafer W)

in the -Y direction (or in the +Y direction) with

to the exposure area 35P for the pattern image on

41

respect

the



17 DEC 2004 20. The eval uating nethod according to claim19, mggrg' a size
of an area of illum nation of the evaluating pattern is adjust E@bﬁﬁﬁng
on the characteristic to be determ ned when the substrate is 5 exposed with
the evaluating pattern in order to independently determne. the
characteristic of the exposure apparatus and the characteristic of the

bstrat e- 3 i s, .20 . ti h di t
cl'aim 20, herers RBYCURr uatingt paRCeV AT Rcl BHE BACt o ReOBACER et orm ne

t he characssaiatsﬁXSLE ggufépsﬁese aﬂeééeg§§ygﬁ§r§g§nghg&ﬁ%h@fgéé%geof the

u
substrat e- processi aratus respectrve evel oped pa rns are

P anotort clna’ghe T0fa SR LAL BOaMTRI AAT-A5880 HeTdutong | BhiL ' RodBELEl N 1 Ne

transferred rmage I's a latent I mag I y eXposi g sehsitiYe
ol v . 0 : . . ' .
19, “wher of GhendeehBdb/ AF8Tng apdrad iy U2 LRE' RvELECELRRAT BT RS * ¢ "
i i LL] i al t {rate, d
ZpﬁiLZTSEi%%h%%%%?Q%L§§zt“§h$£ﬁ%£§§2§%%§¥§ﬁ2%éﬁél%ééﬁZ#stggﬁéﬁﬁfwéﬁ.ezsa”
17 DEC 2004, 24 ' di .claim19 in,t
characterig?%cm%ggﬁﬁ§¥Zé%%ééggoggégggpggggélgﬂgiﬁgég Séghﬁ%FSﬁQSrEth ©
h teriski f j.ect i ided f th t us,
and the 5 8 ;ﬁgét%$F§%?%e%%'?ﬁa%Z§h%?bﬁéﬁééﬁiegs§%ﬁ¢c§5§§§§?§éepgp§%§3eﬁS
licati h L iLal . 25. An_adjusti t
Sﬁﬁs{?ZtL?ﬁ?géeééﬁﬁélﬁéﬁéfﬁé%%ﬁ¥e?2ﬁ5§2%§vsﬁﬁeag ﬁr%a%ﬁ%gﬁﬁghSEsySter?rda
t th 10 wi t rat i trat i
with aeLhotoﬁtnﬁ???e§§23?@%?a%QQﬁégaﬁ?eﬁ“%ﬁasﬁép?22§s§9§$riré%dﬁf%ﬁg at
I f d.bef ft t.he. t
phot osensi FOEEREe cPFER, BERE aUROLO ARG RRONBACCORBHIEHAAS T8  r ansf orri ng
an.evaluat'g 8§$1grnt§gtg the.Rhotosensitive material - on the substrate by
usi ng the #l?ﬁograpﬂy VsTeRT PO P or PRSP F Sndfefr BEOPREGEXPHEYEE i ng a state

o R " eugSAE Fok PAE pRACaERFEF, 36, B-EHP RSB BhHE ShebhcLBRbLIL "

apparatus gneLpeybaghg of 8xLERELL fhe! BEeTRARVEEMBhre sequence in
cooperation with the exposure control unit 21 as well.
That is, when the command to start the scanning exposure
for one shot area on the wafer W is issued from the main
control system 22 to the exposure control unit 21, then the
exXposure control unit 21 starts the light emission of the
exposure light source 1, and it calculates the integral
value of the illuminance of the exposure light beam IL for
the wafer W (sum of the pulse energy per unit time) by the
aid of the integrator sensor 20. The integral value is
reset to zero upon the start of the scanning exposure. The
exposure'control unit 21 successively calculates the
integral value of the illuminance, and it controls the

output of the exposure light source 1 (oscillation
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26. The adjusting nethod according to claim?25, 25 79 ﬁﬁéﬁ%ﬁﬁéﬁ 4 further
conprising adjusting the substrate-processi ng apparat us ected
characteristic does not satisfy a predeterm ned value. 5 27. The adj usting
met hod according to claim25, wherein the transferred inmage is a | atent

| mage forned by exposing t he photosensitive material with a |ight beam 28.

The adj ust fpg.ge da&&Cgﬁﬂgagehgrggge%a%héo mﬁ&ﬁ' N LDe, of

he
substrate-pro ess g apparatus I nc s an app ylng ppara us I'Ch applies

Lhe phot osgasi bye TRUGELaLaGAEAq' IR BUSSHERLRe3A00R U5YSheRLAgacppar at us

whi ch devel ops t tosensi t nateri a adjus met hod

accor di ng LQ?ﬁié'Eﬁzéhaﬁh€58'§¥ Be-chgb gagg'aﬁoﬁngflgh pEXRASYT €. appar at us

is an |mage ornmatl on char act I C O a projection sys em provi ed for

e APoUegeaueL ol tho 08, LHECRGRBLALLSSE 20 L1, uERLrd fapheseelng

el udes ot hat Tor AU cRRder B s nelhfnb i HE: Sl gptEprE Rb Be0BkE "

AL e, P S o) PEoEP ek HEREICEIh Y cLTBI bEecRTLASHRLLg O
exposure for the concerning shot area. |

Next, explanation will be made with reference to a
flow chart shown in Figs. 8A and 8B and Figs.9A and 9B for
an example of the operation (evaluation sequence) for
evaluating the predetermined characteristics of the resist
coater 54, the projection exposure apparatus 50, and the
developing apparatus 59 of the lithography system shown in
Fig. 1 of this embodiment. The evaluation of the
characteristics may be executed periodically.

Alternatively, for example, the evaluation may be executed
when the type of the photoresist is changed, or when the
development process is changed.

At first, in the step 101 shown in Fig. 8, the
photoresist is applied to an unexposed wafer W1 by using
the resist coater 54 shown in Fig. 1 under the control of
the host computer 27. After that, the wafer Wl is treated
with the pre-bake apparatus 55 and the cooling apparatus
56, and it is loaded onto the wafer stage 39 (wafer holder

38) of the projection exposure apparatus 50 (step 102).

Subsequently, the reticle stage 31 shown in Fig. 2 is
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31. A lithography systemwhich forns a predeterm ned devel opnent pattern on
a substrate applied 5 with a photosensitive material, the 117

system conpri sing: an applying apparatus which applies the photosensitive
material to the substrate; an exposure apparatus whi ch exposes the
substrate 10 applied with the photosensitive material; a developing

appar atus. uhi6n dey el pPSy  hoCxBREEH BHOLASCRSLEhYE; SRLELIR! by go_%m'

system whi ch controls the exposure apparatus SO he S bR

whi oh ihe 46 ebohossasyitecp! bhehe a2 PRENCAPELL A bhég&e@&

apparatus, iIs exposed wt eamvia a predetermne

peLt et Diakle ff of b SEISRUECoPBRESLAL, s0uRBRneL YNSE ESTLLCS o

state of a deve ern o ensitive obt ai ned

by devel opig hlgaSHDSHIZAE P4 oszsdcext%eﬁs 548 2PRE" 1 inYatipine (e

devel opi ng appar at us; a ]U ges a
Char ot or 1€ of “'—’%@“%%%%%%S%i%%’?; pw'@ﬁ%r%%@fs@f%%fgwt "
L et [ e e
REEST AN e t%%%asé‘? S8t 0o 5P
uneven 5 I Slc oI RIFRILNE TSR g UL S sl ogren
Comor ool Harke ) HEALE Ve ' Br&)8LELT 10 18 SOSEE! In WRi1LH PEReSYS" O
little influence of the aberration of the projection
optical system PL.

In the step 105, the projection exposure apparatus 50
shown in Fig. 2 is regarded to be a projection exposure
apparatus of the full field exposure type, and the
respective shot areas SA on the wafer Wl are exposed with
the images of the evaluating marks 48, 49 in the
illumination area 35A by the aid of the projection optical
5ystem PL in accordance with the step-and-repeat manner.

Fig. 4A shows the wafer Wl exposed as described above.
With reference to Fig. 4A, the exposure surface of the
wafer W1 is divided into N1 individuals of shot areas SA,,
SA,,... SA, (they are representatively referred to as *"shot
areas SA") each having approximately the same size as that
of the conjugate image of the illumination area 35A which

is narrow in the X direction and the Y direction. The

respective shot areas SA are exposed with the images 48P,
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characteristic with an expected characteristic. 34. The Iithggri]%&y system
according to claim 33, wherein the exposure apparatus includ @lB4ct i on
15 system which projects an i mage of the evaluating pattern onto the
substrate and a field di aphragm which restricts an illumnation field for
the evaluating pattern illum nated by the projection system and the

ot YR ETEL L 0 S e BLADN SO CRSBERE B0
P pener o fekDSC SR gt S YAFEP 1, SRE-PIPER R apaRatas. 20 o0, Ine
SISt e ERehkAREREA'Eo' s eye by FEF, A004uTLLE 40 o o T L0 P
paCL o1 VALED DERULERs AP Sl PRk SB01 0 Chpbhen IR 05 bty Ve T
cDpar oS FEFECEL! VELnd ooy ESP0SUL S, ARRRLEL LS WS, Raposez, ot rat e
cxpOSUT e PR g Ko CATPIL AR Sl | VMOSLAR, PSR gl L nates e
diaphragn1&£%§fo§§gﬂ9e§satgéggbggtgg via the transport line 52, and
it is loaded onto the wafer stage 39 of the projection
exposure apparatus 50 again. In this case, resist patterns
(also referred to as 48P, 49P), which have a concave/convex
structure corresponding to the images 48P, 49P of the
evaluating marks 48, 49 respectively, are formed on the
- respective shot areas SA on the wafer W1 shown in Fig. 4A.
As shown in Fig. 4B, the latter resist pattern 49P is a
diffraction grating-shaped mark having a predetermined
pitch in the X direction. As shown in Fig. 5A, the former
resist pattern 48P is a plurality of concave/convex
patterns with both sides having wedge-shaped
configurations.
In the subsequent step 107, detection signals, which
correspond to the intensities of the interference light
beams (diffracted light beams) from the resist patterns 49P
‘of all of the shot areas SA on the wafer W1 shown in Fig.
437, are detected by using the LIA sensor 24a of the

alignment sensor 24 under the control of the main control

system 22 shown in Fig. 2. Results of the detection are
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illumnation area illumnated by the illumnation system a first sensor
whi ch neasures a physical quantity corresponding to a shapéiafnﬁﬁqﬁmgern of
t he photosensitive naterial after devel opnent of the substrate on e
substrate stage; a second sensor which neasures a position of the pattern
of the photosensitive material after the devel opnent of the substrate on

the subst I ghgostagetoantloanbulolOosyst gy Wi €0 ENBLHALESPRgStAbe ot he

phot osensitiVve materi nt trate by using resu the’ détection

performed Pyghberinkel £RISER 2Pd L08;3LCATESRNEAL 1R soddoPFEy 2004 39.

sSe
The exposure” apparatus according to clarm er conprirsing a

projeCtiOﬂoﬁ¥étﬁﬂé“Pé§Esérﬁ£€Eé naﬁg'l'ug%aali98f§%9p§ég?g§a§§§p%%$ﬁt

illum nation systemonto the substrate, erein

_ﬁ\é?'nuat-es ﬁﬂliHEQEhéoiifﬁﬁkoflﬁ A RCLRT & %C- io}:HSrpg%EESEQQdSYi&ﬁ{” by

g at |least one of the first sensor and the Second Sensor.
LBl of the light flux LB are generated in parallel as
interference light from the resist pattern 49P, and the
interfefence light is detected. 1In this case, the average
value of fhe intensities of the interference light varies
depending on the film thickness of the remaining resist,
i.e., the difference in height of the resist pattern 49P on
each of the shot areas SA. Therefore, for example, the
relationship between the difference in height of the resist
pattern 49P and the average value of the detection signals
of the interference light is previously determiﬁed
experimentally to obtain a table which is stored in the
data file of the host computer 27 beforehand. The host
computer 27 determines the distribution of the film
thickness of the resist remaining on the wafer W1 from the
table and the average value of the detection signals of the
interference light in the respective shot areas SA. The
host computer 27 estimates, as the uneven application, the
dispersion of the film thickness (for example, standard
deviation) and the average film thickness obtained when the
photoresist is applied to the wafer W1 with the resist

coater 54, from the film thickness distribution.

In the next step 108, the host computer 27 checks

46



40. The exposure apparatus according to claim 38, wherein the W@ '%ﬂh
quantity i's a thickness of the photosensitive material, and fhg ggt &f

t he photosensitive material includes uneven application of the

phot osensitive material and uneven devel opnent. 41. The exposure apparatus
according to claim39, further conprising a control systemwhich controls

t he variabhﬁe£h§gd??g ggrﬁgg1rg@§g§igogggrcggt&ggﬁgﬁsge makes control such

that the varia di-aphragmi s narrowe ReMStat&°6f "t he

phot osensi hgghggtggiﬁgtonghgvgggaé;éﬁﬁgi§P§¥gh§?%ﬁg53§Pconpared wi t h when

the image formation characterrs 8mis observed.
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compt i ot ngtuaogk AT EERBSY EoTPRE Buriafotalury Th RarorRal "ont o
SUDSt I ot e ByeHSLR0oh o PRRLYLIS,2RE" o5 10oR 350N LB, OF SxBOSI 1 (he
CLL o OCBRELERSL I TS, LR RPRSYLe ARPRL Bt iR B e
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54 to the operator. In response thereto, the maintenance

is performed for the resist coater 54 in the step 109.

After that, the evaluation sequence of the steps 101 to 108

may be executed again for another unexposed wafer W2.

In the embodiment described above, the resist pattern

49P which has been developed is detected in order to

evaluate the resist coater 54. However, as shown in Fig.

4C, the following procedure may be available. That is, a

concave/convex diffraction grating-shaped mark 61 is formed

on each of the shot areas SA on the wafer Wl beforehand.

After the photoresist PH is applied onto the wafer W1, the

light fluxes LA, LB are radiated onto the mark 61 from the

LIA sensoxr 24a to detect the interference light (LAl, LB1)

from the mark 61. Also in this case, the average value of

intensities of the interference light from the mark 61

varies depending on the film thickness of the photoresiét

PH on the shot area SA. Theiefore, the film thickness

distribution of the photoresist PH on the wafer Wl can be

47



afifth step of evaluating at | east one of a characteristic of the applying
apparatus, a 20 characteristic of the exposure apparatus, andig BEC@@%
characteristic of the devel opi ng apparatus which affect the devel op

pattern respectively, independently fromthe other characteristics, on the
basis of a result of the neasurenent perfornmed in the fourth step; 25 a

S1 xth St enast Bl SY | FBoBoeB0BI 8 U DRy D% L heng Bl eloabos geter  stic

in accordance wth the evaluate aracterisiic; a a Séven of

executing §iendhf ShelPolRingd ShEPSxBOsurd lalf G rI04eP¥ 145008 & PRtern for
o? val paft #? ég%he

formng the device In p*ace t he ‘evaluating ern afte adj ust nent

per formed b exshylh SLED 10:90LAk0aLhe S¥bLiobe Q0aliLEby acdeve! opren

pattern for formn vice 1s forne . A heasuring e for

Teasur 19 ShoAPRLLEALACD SLRLE, OfcRaRlgLORENILLY, 1L ELh L gri g SubSL at e

to be exposed uslngoan éxposur e appar at us T ovided WiE h 3R um nation
oystem ui glu | OUILAE! Seche:3he! 081,48, 2081 | i bdgplighogensi 11 ve
1L, e PO OPERSLE! G TBhe5 ol AR el dlhy OERE, B a YRl gk 19, Tk
o) oo oL POy Oy RO LHE PRPLLCBLOBEURLE el lecn
a1t SHIESEALRR! Lok e P Sl LS BB ATt
Substrate 0, FApTEES A T UPo R SR REL AL Rl AT
T e ' s SN A0 LK, PGSR e REPhE SER OB s8R 0,
30 mark 49 formed on the resist may be detected, for example,
by using the LIA sensor 24a. The average film thickness of
the photorésist and the film thickness distribution may be
determined on the basis of the obtained detection result.
In this case, the resist coater 54 can be evaluated for a
short period of time, because the development step for the
photo:esist can be omitted. A light beam having a
wavelength, which is not absorbed by the photoresist PH,
i.e., with which the photoresist PH is not exposed, is used
as the light fluxes LA, LB from the LIA sensor 24a.
Similarly, the projection exposure apparatus 50 shown
in Fig. 2 may be provided with a film thickness-measuring
unit based on the interferometer system or the ellipsometer
system. The thickness distribution of the photoresist on

the wafer may be directly measured with the film thickness-

measuring unit before the exposure. Further, for example,
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86 17 DEC 2004 pattern of the devel oped eval uati ng mar k.?O?Y The

nmeasuri ng net hod according to claim44, wherein the state’ Hmwosgd
pattern is detected by 5 using a detector of the exposure apparatus which
is used to execute alignment for an exposure position of the substrate when
the substrate is exposed. 48. The neasuring nethod according to claim44,

10 mhereintﬁelkggﬁmﬁﬁggk Lom I{g tpﬁgeéggsggg§3f§§dgﬁépthe.exposure

apparatus I's use en the substrate I's expose _ Ffaﬁ?nbean1via t he
o oot B s aa URBELFAOOOPE URY LSRR ARIEL AR 10
ChaoSune, SERECebUmBtoH Aed Yiboahabl AR PR SHRLF N e DAL =
e soorW S0 B AR 08, FHEELL PRRLLECIAND LR
the eval usevaieSERRI TSR R TLE BP0 ERbEOhPERRERESY e Rerbrhene® e
devel oo oghehy o' 05 AIELGSEIRLALLS IRLSTLibTtniARt S afiefl ol oo
L7 DEC 200850, T0°)SEER 0 (EhRC, RORRLOARIL O, LBl 4By guner el 2 stat e
apparatus ol gt Foliosge |0 PXEME En bl IR L L g My HRESLS1BSRLL O ©f

mark 48, 49 at the center (on the optical axis AX) of the

projection field of the projection optical system PL.

However, when it is impossible to neglect the influence of

the aberration of the projection optical system PL, the

following procedure is preferably adopted. That is, the

information on aberration (for example, wave front

aberration) of the projection optical system PL is

previously determined by means of a method which does not

undergo the influence of the uneven application or the

like, for example, by means of the spatial image

measurement in which a projected image of an evaluating

mark is detected on the image plane side of the projection

optical system PL. The uneven application or the like is

determined based on the use of the information on

aberration as well.

The maintenance operation for the resist coater 54 in

the step 109 also includes, for example, the resetting

operation (change) for the application condition for the
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5 substrate when the substrate is exposed. 51. The neasurinﬁ n@&?qﬁm
according to claim49, wherein a light beamfroma light so ?c rdifiéded on
t he exposure apparatus is used when the substrate is exposed 1o with the

i ght beamvia the evaluating mark. 52. An exposure nethod adjusting an
exposure conditi second object with a |ight beam 15 a device pattern in an

exposur e aphéeekésﬁ%kggiﬁggagigﬁaSEafdeggﬁgﬁg,a%hgegbes i%ﬁj%%§£ﬁ1§§d

conprising a step o bt 6sens eviaaftirs avi ng
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conprising a step o justing an exposure condi t1on
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device pattern in an expos(ré appara Sts 6f velropnent state
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basi s of t@ﬁengﬁégiggggénzﬁégéég%and the characteristic of the exposure

apparatus s d ted of the nmeasurenent result and the
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diffracted light from the resist patterns 48P of all of the
shot areas SA on the wafer Wl shown in Fig. 4A, are
incorporated by the main control system 22 shown in Fig. 2
while corresponding to the X coordinates of the wafer stage
39 by using the LSA sensor 24B of the alignment sensor 24.
The laser beam LS is radiated in a slit-shaped
configuration from the LSA sensor 24b so that the laser
beam LS extends in the Y direction as depicted with the
shot area SA; shown in Fig. 5A. When the wafer stage 39 is
driven in the X direction to relatively scan the resist
pgttern 48P and the laser beam LS, the diffracted light is

generated from the resist pattern 48P provided that even a

part of the resist pattern 48P is irradiated with the laser
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17 DEC 2004 manufactured, and the exposure apparatus transfers the

eval uation pattern onto the substrate in a static exposureﬂpa@@?qqm@en t he
transferred image is formed. 5 57. The evaluating nethod for a [iTUhography
system according to claimb56, wherein the exposure apparatus is adjusted
dependi ng on the detected characteristic of the exposure apparatus. 10 58.

The eval uatdfg et h%é@fdf“‘giﬁf'Qo?ﬁé%%i‘ﬁzé%mgfg%ﬁ&g 49 claimb57,

wherein the transferred | mag or me rans I Ng an eval uation

pattern onjo:dhg; Sabst ﬁﬁ%‘%n"f h@h%c,ilngéggdf%gggu(;fe{%qﬁéfn&g @%i%i gn to

formng the transferre e In the statTc exposur ner,

dynami ¢ _chig agl il Sk Ceid 10PePXPPSULE AOPBLAIYR 4 Pafie] oG ey on [ he basi s

of a nmeasurenent result of a state erred Tnege Th the scanning
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OBt ool SANAE £ oLl gl LN POLELAST SISISB30 (kTG 2004 5 10
he devel Shmmo e o chardesr Pfhes 260 FBNae 10 BRI efiaR v et or “ane
oo ] P o e PR AT P FE R posur o
factor.  sre supplied to the host computer 27. '
In this case, if it is assumed that the state of the
development is unsatisfactory, for example, in the shot
area S5A; shown in Fig. 5B, the length LX2 of the resist
pattern 48P is smaller than LX1. Therefore, the length of
the resist pattern 48 corresponds to the state of the
development. On the basis of this principle, the host
computer é? assumes that the average value of thellenqths
of the resist patterns 48P in all of the shot areas SA on
the wafer W1 and the dispersion (for example, standard
deviation) represent the uneven development caused upon the
development for the photoresist in the developing apparatus
59.
In the next step 111, the host computer 27 checks
whether or not the developing apparatus 59 is abnormal,
i.e., whether or not the uneven development (average value

of the length of the resist pattern 48P and the dispersion)

determined in the step 110 is included in an allowable
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61. The eval uating nethod according to claim1, wherein: ast one of
the application factor and the devel opnent factor is deternlﬁ ad EWM

i ndependently fromthe exposure factor; and a substrate- proceselng
condition is adjusted, on the basis of the determ ned factor, in the at

‘| east one of the application step and the devel opnent step of which factor

is determ pgflqe 6%1tﬂh§e§¥@EHa%bthEEEQgge%C gigln Ot%O ?h”‘l wherein: at

| east one of fhe application factor and”the avel pnen dCtor is

detefﬂinedd&Q%éPEﬂQﬁ”tE¥g§&9ﬁb&ﬁef8ﬁp9ﬁ8r§h0%8E8 j5@nded

substrate pro e55|ng c Ffion In the exposure st episTa justed on the
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i
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the other baEheasusa8g eglegglegeé?%ggstr gggggg'gge gngiiipn | h the

| i t hography process on asl 2004

f. db t hogr aphy
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from the C@ﬁéaﬁ5§£'é&ﬁﬁuegrtg?.ex&9§gretﬁggarg£e evaluation sequence

corresponding to the steps 101 to 106, 110, 111 may be
executed again.

If the developing apparatus 59 is not abnormal as
well, the operation proceeds from the step 111 to the step
120 shown in Fig. 9A to evaluate the image formation
characteristics of the projection exposure apparatus 50.
For this purpose, the photoresist is applied to an
unexposed wafer (referred to as "W3") by using the resist
coater 54 shown in Fig. 1 under the control of the host
computer 27. After that, the wafer W3 is treated with the
pre-bake apparatus 55 and the cooling apparatus 56, and it
is loaded onto the wafer stage 39 of the projection
exposure apparatus 50 (step 121). Subsequently, the
opening of the movable blind 14B is opened in a state in

which the center of the evaluation mark plate 33 shown in
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20 66. The method for evaluating the |lithography system accgydb to claim
7, wherein a substrateprocessing condition in the |ithograp ggt;

adj usted on the basis of the at | east one characteristic. 25 67. A nethod

for producing a device using a lithography system conprising: eval uating,
by using the method for evaluating the |ithography systemas defined in

claim 7, apiyeastione Bludd LDEIAE AGLELSH T Endl of o 2PPLY] NGy ERRAT al Us,
an C

the characteristic of the exposure apparatus, e aracteristic of the

devel opi ng RPPaFRd Us 1 ARERSOESAT A Yl TOM LRE. &Qﬁgeuggaifqﬁ]@g%%@l and

adj usting a substrate-processing condition in
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changed, the 10 c e- processi Fatus is

eval uat ed J g+ Y, o) r istigc of the exposure a ratus.
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the char acdgli st i, of - cessing apparatus, one of a
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70. The eval uat’ing nethod accofdi ng

shown in Fig. 2 is regarded as a projection exposure
apparatus of the full field exposure type, and the
respective shot areas SB on the wafer W3 are exposed with
the images of the evaluating marks 36A to 36D in the
illumination area 35 by the aid of the projection optical
system PL in accordance with the step—and_repeat-manner.
Fig. 6A shows the wafer W3 exposed as described above.
With reference to Fig. 6A, the exposure surface of the
wafer W3 is divided into N2 (N2 < N1) individuals of shot
areas SB;, SB,,... 8By, (they are representatively referred
_fo as "shot areas SB") each haﬁing approximately the same
size as that of the conjugate image of the illumination
area 35 which is slender in the X direction and the Y
direction. The respective shot areas SB are exposed with
the images 36AP to 36DP of the evaluating marks 36A to 36D
respectively. 1In the next step 124, the wafer W3 after the
exposure is transported to the developing apparatus 59 via

the post-bake apparatus 57 and the cooling apparatus 58
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the transferred inmage is a devel opnent pattern obtai ned developlng t he
phot osensitive material; and 25 the characteristic of the C 280
substrat e- processi ng apparatus includes at | east one of a characterlstic of
an appl yi ng apparatus which applies the photosensitive material to the
substrate and a characteristic of a devel oping apparatus which devel ops the

photosensighggn39nn§35rl@I Jae tﬁgedggghgg ggagggggg ?cggrd Bg to claim

19, wherein the transferréd inmage is ge obtainéd by exposing

the phot osgRsthbiugiBR 8hi fhe %Qgekhﬁag§s dé&e?ﬁ§e5004 Bhars%gerh§tlc of the

substrat e-processing apparatus includesS a characterisfic of —an applylng

appar at us ﬁ@t@? HB'H§§ei§§mgﬂet9§99§hhbﬁgfggﬁegiﬁytho %angggﬁprite

A nmet hod for producing a device usin grap system

eval uati ngsobyaigi 80 §6e164AbHAbIAG TRENGE (85 g%fa'gggggc% LgLm 19, the

characteristic t he exposure appara us an FIC of the
condi 1 on' rgﬁﬁe‘ﬁﬁébﬂ AP Yy R BB e o 1B thEhCEBSRe of the

by 15t he T %ogré%%}%é%t (AIBLTLReRE ﬁ‘céﬁ%&?ﬁﬁé‘% 038087 ngubaRhr i on
to ol aim 2 aQ%EQr%Q%“%fn’Schﬁg%%i?r Bice B?f%cs&?ﬁégbaﬁéw. aﬁe%ﬂ"?ﬁ%%%%rsd' "
Sibe 2t - BFOERECHIAMRSR ALk SHRCHBCaoPLEeRUBARIEY . afe e

characteri gfig gfrgggegﬁﬁggurEo%pg?égggggl iﬁthg @58 h8%anethod

according to ch érern r&Bteristic,

e ok OGBSI B SNSRI e
et e, Padse Gt e i TEADRBEEREL 07 Ke b BBennfaf e, 1
'photosens'5'ggnggegf&SLVegngtructure arranged in the X direction and

| the Y direction respectively as shown in Fig. 6B.

In the subsequent step 125, the 1ine widths and the
positions (X coordinates, Y coordinates) of the resist
patternslBGAP to 36DP of all of the shot areas SB on the
wafer W3 shown in Fig. 6A are measured by using the
alignment sensor 23 based on the FIA system under the
control of the main control system 22 shown in Fig. 2.

Measured values are supplied to the host computer 27. For
example, in the case of the resist pattern 36AP shown in
Fig. 6B, the widths hX, hY of the ridges (resist portions)

_ of the line-and-space patterns 37XP, 37YP are measured. In
this case, the resist coater 54 and the developing
apparatus 59 have been adjusted so that the satisfactory

characteristics are obtained in this embodiment.
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17 DEC 2004 the apparatus applying material 5 devel oping =L
characteristic includes at |east apparatus which to the szﬁéfﬂE@LZGM

apparatus which of the substrate-processing one of a characteristic of an
applies the photosensitive and a characteristic of a devel ops the
phot osensitive 76. The adjusting nmethod according to claim?75, wherein: 10

the charactﬁékétb@epftheelﬂﬁée%QHiﬁgaﬁapéﬁétEésEEiSMabEa£ﬁ§ EEsigé basi s of
a result of the neasurenent of the devel opnent pattern; and the

- characteright€eph 8b&papal ys0H aBpehat Ui theCYmhyat edrh rocess
di fferent ?ron1the process in 15 ghich t he gharagterﬁgtﬁgﬁg' t he devel opi ng

apparatus, bRagsatuaisdic{colfexapysl | BeeRIBTRe6E" dhagelg ol i m 25,

wherein the transferred ifmage is a lafent inage obtal ne exposi ng the

phot osensi abuerHBLgh} abe 8 bigIEERIAR! BpLSLLS BsLDR PHDS! haLesREOCESSI Ng

apparatus includes a characteristic of anapplying apparatus épplies
the phot osepeht iHerABteaLal ot OchBer8ubSLr 8bgre?Ss{Sand, FRLNAG,EREORAGULCI N0

a device using a lithography system conprising: ecting, t he

Q0L st 03 ABbledras 9911 B hilofLAl AbAPIchbRRTARACLAL AbLECRT (N°

substrat eprocessi ng apparatus | ndep rom characteristic of

the exposusiey8PaphahtiSreRlth adh UsbhBdeesHPS! I #herREQEESSERG figagi tion [ n

the |ithography systemon t asis o e detéec afacterirsti'c, wherein

a SUbStrat@oﬂﬂuﬂ@fcﬂ7aa9@££§ég thef PEHBY DML 88 and the positions of

the resist patterns 36AP to 36DP in all of the measured
shot areas SB to determine the line width and the position
of the resist pattern 36AP to 36DP on the image plane of
the projection optical system PL. The host computer 27
evaluates the resolution of the projection 6ptical system
PL by comparing the line width with the designed value.
The host computer 27 evaluates the distortion (including
the magnification errorj of the projection optical system
PL by comparing the positions of the four resist patterns
36AP to 36DP with the désigned values.

In the next.step 126, the host computer 27 checks
whether or not the projection optical system PL is
abnormal, i.e., whether or not the resolution and the
distortion evaluated in the step 125 are included in
allowable ranges with respect to the target values. If
there is any abnormality, the host computer 27 issues alarm
information on the projection optical system PL to the

operator. Corresponding thereto, the adjustment is
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17 DEC 2004 the I|thography systemin which the substrate-processing

condi tion has been adjusted is obtained. 79. The nmeasuri ng i?tﬁgg accordi ng
to claim44, 5 wherein a substrate-processing condition in gphy
systemis adjusted on the basis of the -determ ned application state t he
l'i thography systemincluding the exposure apparatus and an applying

apparat us biebrgan| tes the BhoOsenshlbe Bl coyglohopty seﬁ@téégﬁi 10

80. The neasuring nmethod according to c ereint

substrat e- pﬁpcethngthngégéon hSH hSnadl ¥aLed, 1 ghg §£§§ om an

application condition of the app y|n appar at us. for

produci ng gogevaf g#@t&ﬁog. ShaRgr 4n hﬁflﬁYs%al mﬁg&@?ﬁéh”ﬂl ﬁ’eé rfﬂlé‘%‘g by

usi ng the neasurin as defined i e app I cation ate of

the 20 ph%&fﬁé‘éaf» ﬁné@é@%&ﬁistfn@ga&ﬂﬁ%‘ﬁ%hﬁgmécﬁgﬁi{;nh%@e%%gﬁéé Be

condition in th ography systemo asis o rmned

appifcati Qhosi e teeLhiNoonaphy. SYPLEM LRG| 51 ochlecRgsH oRppar at us

and an appl yi ng appar at us I €S Ve materral to

the substrate,, g\/rﬁg@i@a %P%h%féﬁ%%o%’“k&? ScPE’E\tréfg nah§ § éff,@ bé/h%een

l'i t hography syst rate-proCessi condl ion

adj usted |€ ﬁgtr g@régetgPﬁlﬂgésféhEQsUEt?thacgordkggmt cIa|n149

wherein a essing condition rn”a o4t aphy SV ERY s

adj usted q dPEc’p@%iétPé 20fuELEL hOShARLR] PRTERLASLA! SaiRle the o aPy

systen1|nc e exposu us—an opI'ng ara whi ch 96

1? DEC 2098r&f8@%£$§ 5&@1@§Pt8§§géhtﬁﬁ? ng%gé£a£hat, the evaluation

sequence corresponding to the steps 120 to 126 may be

. eXecuted again. Such an image formation characteristic-
adjusting mechanism is disclosed in Japanese Patent
Application Laid-Open No. 6-45217 and United States Patent
No. 6,078,380 corrésponding thereto which are incorporated
herein by reference. The image formation characteristic-
adjusting mechanism of this embodiment can shift the
central wavelength of the exposure light beam IL generated
from the exposure light source 1 by controlling a
wavelength-adjusting section of the exposure light source
1. The image formation characteristic of the projection
optical system PL can be also adjusted by means of the
wavelength shift.

If the image formation characteristics of the

projection optical system PL are not abnormal, the
operation proceeds from the step 126 to the step 128 to

evaluate the final dynamic characteristic of the projection
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83. The neasuring method according to claim82, wherein the

substrat e-processing condition which is 5 adjusted is differgﬁ%ﬂffqmm%
devel opnent condition of the devel opi ng apparatus. 84. A nethod for
produci ng a device using a |ithography system conprising: 10 determ ning,
by using the measuring nethod as defined in claim49, the devel opnent state

of the phokgpessirki \éﬁgﬁ%ta%hisals;o ad cadigy %B%dﬁr%‘JbS}vEZt gg{ﬁémﬁggég%

condition in the lithography system on the basis of

d | thet it I nel.udi t t
and o Govel opi B AnRararus ahrEh uu Bpan ReekhPad MEeBE I NER PRAT °' °

evel ops the otosensitiv

wherein a @gbggranuqnbyhhggngiﬁg%ég@gigﬁlgggggg QX Eﬂgwhiago Eaghg system

in which the substrate-proces conditio aS been adjuste

obt ai ned. fFdef<tAeP38nRY-cANSFALALS A<, A< : AL LAY A LA
. AP. A3. APu. A<.eAyv. At A, A.O%y.s,g\ thte“nobt Cofiputt 277 AarflrAenlt, the

S ST DUt ffpgscas 53 ana e

av. AC. mic. AR AP ARIe 6 AATiE IR Pl DS Wil fags A A

R LRl AL BB PR ALED SRMELFALCRL" el 10
Subsequently, a test reticle Rl shown in Fig. 7B is loaded
onto the reticle stage 31 shéwn in Fig. 2 (step 130). As
shown in Fig. 7B, three pairs of two-dimensional evaluating
marks 62A to 62C, 62D to 62F are formed at predetermined
intervals in the scanning direction SD (Y direction) in the
pattern area of the test reticle R1. Each of the
evaluéﬁing marks 62A to 62F is formed, for example, with
two line-and-space patterns in the same manner as the
evaluating mark 36A shown in Fig. 3A.

In the step 131, the respective shot.areas SC on the
wafer W4 are exposed with the images of the evaluating
marks 62A to 62F on the test reticle Rl by the aid of the
projection optical system PL in accordance with the step-
and-scan manner (scanning exposure manner) by using the
projection exposure apparatus 50 shown in Fig. 2. 1In this
procedure, with reference to Fig. 7B, the test reticle R1
is scanned in the scanning direction SP with respect to the

illumination area 35. Corresponding thereto, as shown in

Fig. 7A, the respective shot areas on the wafer W4 is
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positions (X coordinates, Y coordinates) of the resist

patterns 62AP to 62FP of all of the shot areas SC on the

wafer W4 shown in Fig. 7A are measured by using the
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control of the main control system 22 shown in Fig. 2.
Measured values are supplied to the host computer 27. The
host computer 27 determines the average value and the
dispersion (for example, standard deviation) of the line
widths and the positions of‘the resist patterns 62AP to -
62FP in all of the measured shot areas SC to compare the
measured values with the designed values. Thus, the host
computer 27 evaluates the dynamic control characteristic
(for example, synchronization characteristic between the
reticle stage and the wafer stage) during the scanning
exposure of the projection exposure apparatus 50. The
image formation characteristic such as the distortion of
the projection optical system PL may be detected as the
dynamic control characteristic in the same manner as
described above.

In the next step 134, the host computer 27 checks
whether or not the dynamic control characteristic is
abnormal. If there is any abnormalify, the host computer
27 issues alarm information on the dynamic control
characteristic to the operator. Corresponding thereto, the
adjustment is performed in the step 135 for the stage
system including, for example, the reticle stage 31, the
wafer stage 39, and the laser interferometers for measuring
the positions of them. After that, the evaluation sequence

corresponding to the steps 128 to 134 may be executed
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device pattern.

For example, when the resolutionland the image
formation characteristic of the projection optical system
PL are checked in the step 126 described above, latent
images of the evaluating marks 36A to 36D, which are formed
.on the photoresist on the wafer, may be detected with the
alignment sensor 23 to obtain the line width and the
position information thereof without performing the
development treatment for the photoresist so that the
resolution and the image formation characteristic may be
determined on the basis of obtained results of the
measurement. In this case, the evaluation of the
resolution and the image formation characteristic is not
affected by the development treatment, because the
development treatment is not applied. Therefore, fér
example, the resolutioh can be evaluated for a short period
of time without determining the uneven development, for
example, in the step 110. Also when the dynamic control
characteristic is evaluated in the step 133, the latent
images may be detected in place of the resist patterns of
the evaluating marks 62A to 62F in the same manner as
described above. As described above, it is unnecessary to

use the characteristic of the uneven development when the
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for the dynamic control characteristic. However, in order
to evaluaﬁe the developing apparatus 59 which is the part
of the coater-developer section 51 (substrate-processing
apparatus), it is necessary to obtain the characteristic of
the uneven development. Therefore, the uneven development
may be separately detected, if necessary.

In the embodiment described above, both of the uneven
application of the photoresist and the uneven development
are determined. However, when the latent image detection
is utilized as described above, only the uneven application
may be determined. Alternatively, in the case of a process
_(layer) in which the influence of the uneven application is
considered to be small, only the uneven development may be
determined. 1In the‘embodiment described above, the image
formation characteristic of the projection exposure
apparatus 50 is determined. However, no problem arises
even when only at least one of the uneven application and
the uneven development is determined without determining
the image formation characteristic.

As described above, in the evaluation sequence for the
lithography system of this embodiment, the movable blind
14B is used as the variable field diaphragm to expose the
wafer for evaluation with the images of the evaluating

marks 48, 49 in the narrow field. Therefore, the
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be distinguished from the characteristic of the resist
coater 54 oxr the developing apparatus 59 to perform the
evaluation with ease. Further, the two types of the
evaluating marks 48, 49 are used. Therefore, the
characteristic of the resist coater 54 can be distinguished
from the characteristic of the developing apparatus 59 to
perform the evaluation with eése. Accordingly, the
lithography system can be adjusted easily and quickly. In
the embodiment described above, when the uneven application
or the uneven development exceeds the allowable range,
namely when any abnormality is observed in the resist
coater 54 or the devéloping apparatus 59, then the
maintenance (for example, the change of the application
condition or the development condition) is performed for
the resist coater 54 or the developing apparatus 59 in the
steps 109, 111. However, the uneven application or the
uneven development cannot be included within the allowable
range in some cases even when the maintenance has been
performed. Therefore, for example, the exposure condition
(for example, the exposure amount) for ﬁhe wafer, which is
determined by the projection exposure apparatus 50, may be
changed so that the change of the line width of the circuit
pattern or the likerto be formed on the wafer, which would
be otherwise caused, for example, by the uneven application

or the uneven development, may be compensated. For
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on the wafer depending on the uneven application or the
uneven development. Accordingly,reven when the uneven
application or the uneven development cannot be included
within the allowable range, the line width, the shape, and
other features of the circuit pattern formed on the wafer
can be allowed to substantially coincide with the preset
data. Further, when the exposure condition as described
above is changed depending on the uneven application or the
uneven development, it is even allowable that the steps
109, 112 shown in Fig. 8 are not executed in the embodiment
described above. Further, even when the uneven application
or the uneven development is included within the allowable
range, for example, the change of the exposure condition as
. described above may be performed, if necessary.
| Further, in the embodiment described above, for

example, when any abnormality is observed in the resist
coater 54, then the photoresist may be applied to the wafer
again to transfer the evaluating mark after performing the
maintenance for the resist coater 54, and a transferred
image may be detected to determine the uneven development.
Alternatively, the detection result of the uneven
development in the step 110 may be corrected on the basis
of the uneven application. Further, when any abnormality
is observed in at least one of the resist coater 54 and the

developing apparatus 59, the measurement result of the
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apparatus 50 may be corrected on the basis of at least one
of the uneven application and the uneven development in the
same manner as described above. Alternatively, for
example, the evaluating mark may be transferred again after
performing the maintenance for at least one of the
apparatuses.

In the embodiment described above, when the image of
the evaluating mark is projected onto the photoresist in
order to detect the characteristic (uneven application or
uneven development) of the resist coater 54 or the
developing apparatus 59, the narrow field is obtained by
using the movable blind 14B. Therefore, the uneven
application or the-uneven development can be evaluated at a
fine spacing distance on the exposure surface on the wafer.
However, if it is unnecessary to evaluate the uneven
application or the uneven development at an extremely fine
spacing distance, a plurality of‘evaluating marks may be
transferred to the respective shot areas by means of one
time of exposure operation with a wide field in an opposite
manner. In this case, for example, the influence of the
image formation characteristic can be avoided, for example,
by measuring the images of the evaluating marks at
identical positions in the respective shot areas.

In the embodiment described above, in order to

evaluate the projection exposure apparatus 50, the resist
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the above, as disclosed in Japanese Patent No. 2530080, for
example, the calibration for the image formation
characteristic of the projection exposuré apparatus 50 may
be performéd by forming a predetermined conductor pattérn
with the projection exposure apparatus 50, and measuring
the resistance value of the conductor pattern.

Further, the alignment sensors 23, 24 shown in Fig. 2
and the various evéluating‘marks are not limited to those
referred to in the embodiment described above, which may be
arbitrarily constructed. Further, when a transferred image
(for example, a résist image or a latent image) of the
evaluating mark is detécted in order to evaluate the
characteristic of at least one of the resist coater 54, the
projection exposure apparatus 50, and the developing
apparatus 59, for example,.a registration measuring
apparatus or the like, which is incorporéted in the
rlithography system, may be used.

In Fig. 1, the coater-developer section 51 and the
projection exposure apparatus 50 are subjected to the in-
line connection. Alternatively, a transport apparatus (for
example, AGV) may be provided between the both apparatuses
so that the lithography system is constructed in accordance

with an off-line arrangement. Further, the type and the

number of the apparatuses to be incorporated into the
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~ in the arrangement shown in Fig. 1, for which an arbitrary
arrangement may be available. For example, the resist
coater 54 and the developing apparatus 5% may be integrated
into one apparatus. Alternatively, in place of the coater-
developer section 51, a substrate-processing apparatus,
which has only a part thereof, for example, only the resist
coater 54 or the developing apparatus 59, may be used. The
projection exposure apparatus 50 and the coater-developer
section 51 are constructed so that the operation of each of
them is independently controlled by the unillustrated main
controller (for example, a minicomputer) respectively.
Therefore, the delivery operation for the wafer may be
mutually controlled by sending and receiving, for example,
operation situations between the both without providing the
host computer 27 shown in Fig. 1. 1In this embodiment, at
least one apparatus other then the projection exposure
- apparatus 50, of the apparatuses for constructing the
lithography system described above (in other words, to be
used in the lithography step) is designated as the
substrate-processing apparatus.

In the embodiment described above, the projection
exposure apparatus based on the scanning exposure manner is
used as the exposure apparatus. However, the present
invention is also applicable to any procedure to use a

projection exposure apparatus (stepper) based on the step-
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system in which no projection system is used. Further, the
exposure light beam (exposure beam) is not limited to the
ultraviolet light beam described above. For example, the
EUV light beam in the soft X-ray region (wavelength: 5 to
50 nm) generated from the SOR (Synchrotron Orbital
Radiation) ring or the laser plasma light source may be
used. In the case of the EUV exposure apparatus, the
illumination optical system and the projection optical
system are constructed by only a plurality of‘reflecting
optical elements respectively. Further, for example, a.
charged particle beam such as a hard X-ray, an electron
beam, and an ion beam may be used asrthe exposure light
beam.

A semiconductor device can be produced from the wafer
W shown in Fig. 2. The semiconductor device is produced by
performing, for example, a step of designing the function
and the performance of the device, a step of producing a
reticle based on the foregoing step, a step of
manufacturing the wafer from a silicon material, a step of
exposing the wafer with a pattern on the reticle by using
the projection exposure apparatus of the embodiment
described above, a step of assembling the device (including
a dicing step, a bonding step, and a packaging step), and

an inspection step.
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limited to those for producing the semiconductor element.
The present invention is also widely applicable, for
example, to the lithography system for the liquid crystal
display element formed on an angular glass plate or for the
~display device such as the plasma display,land the
lithography system for producing various devices including,
for example, the image pickup element (for example, CCD),
the micromachine, and the thin film magnetic head.
Further, the present invention is also applicable to the
procedure to be used when the mask (for example, photomask
and reticle) formed with the mask pattern of various
devices is produced by using the photolithography step.
Details of the individual épparatuses'and fhe processes
used for the lithography system are disclosed, for example,
in United States Patent No. 4,900,939 which is incorporated
herein by reference.

It is a matter of course that the present invention is
not limited to the embodiment described above, which may be
embodied in other various forms without deviating from the
gist or essential characteristics of the present invention.

According to the present invention, it is possible to
easily and mutually independently evaluate the respective
characteristics of the resist-applying step, the exposure
step, and resist-developing step to be executed by the

lithography system. Further, it is also possible to easily
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apparatus, and the developing apparatus for constructing
the lithography system. |

Further, according to the present invention, for
example, the characteristic of the substrate-processing
apparatus as a part of the lithography system can be easily
evaluated independently from the characteristic of the

exXposure apparatus, if necessary.

69




10M 10M L<109%VE ()-!3*M 109%WE ()-${\= 10M1i O! 100/&'()-"100/'(5-= 10 10
10fi < 109%& ()-!36,!109%& ()-!y~@10%imdin& ()-bC 10M | M 1098 )i 208& () -=
10 10 10fL< 109& ()-< #810% ()-PY !10% ()-,|uj @ 10M V$10%& ()-w 10 10
10fi < 109& ()-P<. 109 ()- Pl 1109 ()-!1M 109 ()-SsSwz{z[<1l@1 10M L<
109VE () - POi | 109v& ()-!PLi!109%, 2, & ()-PLi ! 109%V& ()-!i &10% i & ()-!i &LO%& ()

U UV What is claimed is:

1. An evaluating method for a lithography process
including an application step of applying a photosensitive
material, an exposure step, and a development step in order
to form a predetermined development pattern on a substrate
applied with the photosensitive material, the evaluating
method comprising:

exposing the substrate applied with the photosensitive
material with a light beam via an evaluating pattern;

developing the exposed substrate to form a development
pattern;

observing the formed development pattern; and

determining, from a result of the observation, at
least one factor of an application factor inherent in the
‘application step, an exposure factor inherent in the
exposure step and a development factor inherent in the
development step, which affect the development pattern

respectively, independently'from the other factors.

2. The evaluating method according to claim 1,
wherein an area for illuminating the evaluating pattern is
restricted when the substrate is exposed with the light
beam via the evaluating pattern in order to determine the
application factor and the development factor independently

from the exposure factor respectively.
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3. The evaluating method according to claim 2,
wherein the evaluating pattern includes patterns for
determining the application factor, the development factor
and the exposure factor respectively, and a devélopment
pattern, which is used to determine the one factor, is
observed in order to determine the one factor independently

from the other factors.

4. The evaluating method according to claim 1,
wherein the application factor, the development factor, and
the exposure factor are determined independently

respectively.

5. The evaluating method according to claim 1,
wherein the development factor is determined after the
application factor is determined from the development

pattern.

6. The evaluating method according to claim 1,
wherein the application factor is unewven application, and

the development factor is uneven development.
7. A method for evaluating a lithography system
~including an applying apparatus which applies a

photosensitive material to a substrate, an exposure
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photosensitive material, and a developing apparatus which
develops the photosensitive material, the method
comprising:

5 a first step of applying the photosensitive material
onto the substrate by using the applying apparatus;

a second step of exposing the substrate applied with
the photosensitive material with a light beam via an
evaluating pattern by the aid of the exposure apparatus;

10 a third step of develoﬁing the photosensitive
material on the substrate by using the developing
apparatus;

a fourth step of measuring a development pattern of
the photosensitive material on the substrate having been

15 subjected to the development; and

a fifth step of evaluating at least one of a
characteristic of the applying apparatus, a
characteristic of the exposure apparatus, and a
characteristic of the development apparatus which affect

20 the development pattern respectively, independently from

the other characteristics, on the basis of a result of

the measurement in the fourth step.

8. The method for evaluating the lithography

25 system according to claim 7, wherein:
the exposure apparatus comprises a projection system

which projects an image of a mask pattern onto the
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an image of the evaluating pattern is projected onto a
plurality of comparted areas on the substrate through a
predetermined narrow area in an effective field of the
projection system in the second step; and

the characteristic of the applying apparatus or the
characteristic of the developing apparatus is evaluated in

the fifth step.

9. The method for evaluating the lithography system
according to claim 8, wherein:

a physical quantity, which corresponds to a dispersion
of a thickness of the development pattern of the
photosensitive material formed in the plurality of
comparted areas on the substrate, is measured in the fourth
step; and

uneven application of the photosensitive material,
which is caused by the applying apparatus, is evaluated in

the fifth step.

10. The method for evaluating the lithography system
according to claim 9, wherein:

the evaluating pattern includes a plurality of wedge-
shaped patterns arranged in a direction intersecting a
measuring direction;

a dispersion of a length in the measuring direction of
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the development pattern of the photosensitive material

formed in the plurality of comparted areas on the substrate

is measured in the fourth step; and

uneven development of the developing apparatus is

evaluated in the fifth step.

11. The method for evaluating the lithography system
according to claim 7, wherein:

the exposure apparatus comprises a projection system
which projects an image of a mask pattern onto the
substrate;

an image of the evaluating pattern is projected onto a
plurality of comparted areas on the substrate through a
predetermined wide area in an effective field of the
projection system in the second step; and
| the characteristic of the projection system of the

exposure apparatus is evaluated in the fifth step.

12. The method for evaluating the lithography system
according to claim 8, wherein:

the exposure apparatus is a scanning exposure type
exposure appafatus which exposes the substrate by
synchronously moving a mask and the substrate;

thé image of the evaluating pattern is projected onto
the plurality of comparted areas on the substrate in

accordance with a scanning exposure manner in the second
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3tep; and

a dynamic characteristic of the exposure apparatus

is evaluated in the fifth step.

13. The method for evaluating the 1lithography
system according to c¢laim 9, wherein the physical
quantity is measured by using a first sensor provided for

the exposure apparatus.

14. The method for evaluating the lithography
system according to claim 10, wherein the dispersion of
the length in the measuring direction of the development
pattern is measured by using a second sensor provided for

the exposure apparatus.

15. The method for evaluating the 1lithography
system according to claim 9, further comprising:

a sixth step of measuring the dispersion of the
length in the measuring direction of the development
pattern of the photosensitive material formed in the
plurality of comparted areas on the substrate; and

a seventh step of evaluating uneven development of

the developing apparatus.

le. The method for evaluating the lithography

system according to claim 15, further comprising:
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an eighth step of applying the photosensitive material
onto another substrate by using the applying apparatus;

a ninth step of exposing the photosensitive material
on the substrate applied with the photosensitive material
by projecting an image of a pattern different from the
evaluating pattern onto the plurality of comparted areas on
the substrate through a predeterminéd wide area in the
effective field of the projection system;

a tenth step of developing the photosensitive material
exposed in the ninth step; and

an eleventh step of evaluating any characteristic of
the projection system of the exposure apparatus by
measuring a development pattern of the photosensitive

material developed in the tenth step.

17. The method for evaluating the lithography system
according to claim 16, further comprising adjusting the
projection system in accordance with the evaluated

characteristic of the projection system.

18. The method for evaluating the lithography system
according to claim 17, wherein:

the exposure apparatus is a scanning exposure type
exposure apparatus for exposing the substrate by
synchronously moving a mask and the substrate, and the

method further comprises:
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apparatus;
a thirteenth step of projecting an image of an
5 evaluating mask onto the plurality of comparted areas on
the substrate 1in accordance with a scanning exposure
manner to expose the photosensitive material;
a fourteenth step of developing the photosensitive
material exposed in the thirteenth step; and
10 a fifteenth step of observing and evaluating a

dynamic characteristic of the exposure apparatus.

19. An evaluating method for a lithography system
including an exposure apparatus which exposes a substrate

15 applied with a photosensitive material, and a substrate-
processing apparatus which processes the substrate during
at least one process to be performed before or after the
exposure of the photosensitive material, the evaluating
method comprising:

20 ~ transferring an evaluating pattern onto the
photosensitive material by using the lithography system
to form a transferred image;

measuring a state of the transferred image; and
independently evaluating a characteristic of the

25 exposure apparatus and a characteristic of the substrate-.
processing apparatus on the basis of a result of the

measurement.
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20. The evaluating method according to claim 19,
wherein a size of an area of illumination of the
evaluating pattern is adjusted depending on  the
characteristic to be determined when the substrate 1is

5 exposed with the evaluating pattern in order to
independently determine the characteristic of the
exposure  apparatus and the <characteristic of the

substrate~processing apparatus.

10 21. The evaluating method according teo claim 20,
wherein the evaluating pattern includes patterns which
determine the characteristic of the exposure apparatus
and the <characteristic of the substrate-processing
apparatus respectively, and the developed patterns are

15 observed.

22. The evaluating method according to claim 19,
wherein the transferred image is a latent image formed by
exposing the photosensitive material with a light beam.

20

23. The evaluating method according to claim 19,
wherein the substrate-processing apparatus includes an
applying apparatus which applies the photosensitive
material onto the substrate, and a developing apparatus

25 which develops the photosensitive material.
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wherein the characteristic of the exposure apparatus is
an image formation characteristic of a projection system
provided for the exposure apparatus, and the
5 characteristic of the substrate-processing apparatus is

uneven application of the photosensitive material.

25. An adjusting method for a substrate-processing
apparatus which constitutes a lithography system together

10 with an exposure apparatus which exposes a substrate
applied with a photosensitive material and which treats
the substrate during at least one process to be performed
before or after the exposure of the photosensitive
material, the adjusting method comprising:

15 transferring an evaluating pattern onto the
photosensitive material on the substrate by using the
lithography system to form a transferred image;

measuring a state of the transferred image; and
detecting a characteristic of the substrate-

20 processing apparatus independently from a characteristic
of the exposure apparatus on the basis of a result of the

measurement .,

26. The adijusting method according to claim 25,
25
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further comprising adjusting the substrate-processing
apparatus when the detected characteristic does not

satisfy a predetermined value.

5 27. The adjusting method according to c¢laim 25,
wherein the transferred image is a latent image formed by

exposing the photosensitive material with a light beam.

28. The adjusting method according to claim 25,

10 wherein the substrate-processing apparatus includes an
applying apparatus which applies the photosensitive
material onto the substrate, and a developing apparatus

which develops the photosensitive material.

15 29. The adjusting method according to c¢laim 25,
wherein the characteristic of the exposure apparatus 1is
an image formation characteristic of a projection system
provided for the exposure apparatus, and the
characteristic of the substrate-processing apparatus is

20 uneven application of the photosensitive material.

30. The adjusting method according to <¢laim 25,
wherein the evaluating pattern includes a pattern which
determines the characteristic of the substrate-processing

25 apparatus independently from the characteristic of the
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3. A lithography system which forms a
predetermined development pattern on a substrate applied
5 with a photosensitive material, the lithography system
comprising:
an applying apparatus which applies the
photosensitive material to the substrate;
an exposure apparatus which exposes the substrate
10 applied with the photosensitive material;
a developing apparatus which develops the exposed
photosensitive material;
a control system which controls the exposure
apparatus s0 that the substrate, to which the
15 photosensitive material has been applied by the applying
apparatus, is exposed with a light beam via a
predetermined evaluating pattern by the aid of the
exposure apparatus;
a sensor which measures a state of a development
20 pattern of the photosensitive material obtained by
developing the substrate exposed by the exposure
apparatus by using the developing apparatus; and _
a Jjudging system which jﬁdges at least one
characteristic of a characteristic of the applying
25 apparatus, a characteristic of the exposure apparatus,
and a characteristic of the developing apparatus which
affect the development pattern respectively,
independently from the other characteristics, on the
basis of measurement information obtained by the.

30
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3ensor.

32. The lithography system according to claim 31,
wherein the sensor measures at least one of uneven
application o©f the ©photosensitive material, uneven
development, and an image formation characteristic of the

exposure apparatus.

33. The lithography system according to c¢laim 32,
wherein the judging system compares the at least one

characteristic with an expected characteristic.

34. The lithography system according to claim 33,
wherein the exposure apparatus includes a projection
system which projects an image of the evaluating pattern
onto the substrate and a field diaphragm which restricts
an illumination field for the evaluating pattern
illuminated by the projection system, and the control
system controls the field diaphragm depending on the

characteristic to be judged.

35. The lithography system according to c¢laim 31,

wherein the sensor is provided on the exposure apparatus.
36. The lithography system according to claim 31,

further comprising a transport system which transports

the
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substrate.

37. The lithography system according to claim 31,
wherein the evaluating pattern includes patterns which
measures uneven application of the photosensitive material,
uneven development, and an image formation characteristic

of the exposure apparatus resgpectively.

38. An exposure apparatus which exposes a substrate
applied with a photosensitive material with a light beam
via a mask, the exposure apparatus comprising:

an illumination system which illuminates the mask;

a substrate stage which positions the substrate;

a variable field diaphragm which changes a size ofran
illumination area illuminated by the illumination system;

a first sensor which measures a physical quantity
corresponding to a shape of a pattern of the photosensitive
material after development of the substrate on the
substrate stage;

a second sensor which measures a position of the
pattern of the photosensitive material after the
development of the substrate on the substrate stage; and

a judging system which evaluates a state of the
‘photosensitive material on the substrate by using results
of the detection performed by the first sensor and the

second sensor.
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39. The exposure apparatus according to claim 38,
fufther comprising a projection system which projects an
illumination light beam from the illumination system onto
the substrate, wherein the judging system evaluates an
image formation characteristic of the projection system by
using at least one of the first sensor and the second

Sensor.

40. The exposure apparatus according to claim 38,
wherein the physical quantity is a thickness of the
photosensitive material, and the state of the
photosensitive material includes uneven application of the

photosensitive material and uneven development.

41. The exposure apparatus according to claim 39,
further comprising a control system which controls the
variable field diaphragm, wherein the control system makes
control such that the variable field diaphragm is narrowed
‘when the state of the photosensitive material on the
substrate is evaluated as compared with when the image
formation characteristic of the projection system is

observed.

42. The exposure apparatus according to claim 39,

wherein the second sensor is also used to execute alignment
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43. A method for producing a device with a

5 lithography system including an applying apparatus, an
exposure apparatus and a developing apparatus,
comprising:

a first step of applying a photosensitive material
onto a substrate by using the applying apparatus;

10 a second step of exposing the substrate applied with
the photosensitive material with a 1light beam via an
evaluating pattern by using the exposure apparatus;

a third step of developing the photosensitive
material on the substrate by using the developing

15 apparatus;

a fourth step of measuring a development pattern of
the developed photosensitive material on the substrate:;

a fifth step of evaluating at least one of a
characteristic of the applying apparatus, a

20 characteristic of the exposure apparatus, and a
characteristic of the developing apparatus which affect
the development pattern respectively, indepgndently from
the other characteristics, on the basis of a result of
the measurement performed in the fourth step;

25 a sixth step of adjusting the apparatus having the
evaluated characteristic in accordance with the evaluated
characteristic; and

a seventh step of executing the first to third steps
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tern for forming the device is formed.

44, A measuring method for measuring an application
state of a photosensitive material on a substrate to be
exposed by using an exposure apparatus provided with an
illumination system which illuminates the substrate
applied with the photosensitive material, the measuring
method comprising:

exposing the substrate applied with the
photosensitive material with a ~ light beam via an
evaluating mark; and

detecting a state of an exposed pattern of the
evaluating mark subjected to the exposure to determine
the application state of the photosensitive material so
that affect of at least an exposure factor that affects

the exposed pattern is excluded.

45. The measuring method according to claim 44,

wherein the evaluating mark is formed on the substrate.

46. The measuring method according to claim 44,
further comprising developing the substrate after
exposing the substrate with the 1light beam via the
evaluating mark, wherein the application state of the
photosensitive material is determined by detecting a

state of the exposed
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5 using a detector of the exposure apparatus which is used
to execute alignment for an exposure position of the

substrate when the substrate is exposed.

48. The measuring method according to claim 44,
10 wherein a light beam from a light source possessed by the
exposure apparatus is used when the substrate is exposed

with the light beam via the evaluating mark.

49. A measuring method for measuring a development

15 state of a photosensitive material on a substrate to be
exposed by using an exposure apparatus provided with an
illumination system which illuminates the substrate
applied with the photosensitive material, the measuring
method comprising:

20 exposing the substrate applied with the
photosensitive material with a 1light beam via an
evaluating mark;

developing the exposed substrate; and
detecting a development pattern of the evaluating

25 mark subjected to the development to determine the
development state of the photosensitive material so that
affect of at least an exposure factor that affects the

development pattern is excluded.
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wherein a state of the development pattern is detected by
using a detector of the exposure apparatus which is used
to execute alignment for an exposure position of the

substrate when the substrate is exposed.

51. The measuring method according to claim 49,
wherein a light beam from a light source provided on the
exposure apparatus is used when the substrate is exposed

with the light beam via the evaluating mark.

52. An exposure method comprising a step of
adjusting an exposure condition for a photosensitive
second object with a light beam via a first object having
a device pattern in an exposure apparatus on the basis of
an application state measured by using the measuring

method as defined in claim 44.

53. An exposure method comprising a step of
adjusting an exposure condition for a photosensitive
second object with a light beam via a first object having
a device pattern in an exposure apparatus on the basis of
a development state measured by using the measuring

method as defined in claim 49.
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54. The evaluating method for a lithography system
according to claim 19, wherein the characteristic of the
substrate processing apparatus is detected on the basis of
the measurement result, and the substrate processing
apparatus 1is adjusted depending on the basis of the
detected characteristic; and

a transferred image 4is formed by transferring the
evaluation pattern onto the photosensitive material with
the lithography system in which the substrate processing
apparatus has been adjusted, and the characteristic of the
exXposure apparatus 1s detected on the bkasis of a

measurement result for a state of the transferred image.

55. The evaluating method for a lithography system
according to claim 19, wherein the characteristic of the
substrate processing apparatus is detected on the basis of
the measurement result, and the characteristic .of the
exposure apparatus 1s detected on the basis of the
measurement result and the detected characteristic of the

substrate processing apparatus.

56. The evaluating method for a lithography system
according to claim 54 or 55, wherein the exposure apparatus
transfers a device pattern onto a second object in a
scanning exposure manner that a first object which has the
device pattern and the second object which is

photosensitive are synchronously moved when a device is
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5 57. The evaluating method for a lithography system
according to claim 56, wherein the exposure apparatus is
adjusted depending on the detected characteristic of the

exposure apparatus.

10 58. The evaluating method for a lithography system
according to claim 57, wherein the transferred image is
formed by transferring an evaluation pattern onto the
substrate in the scanning exposure manner in addition to
forming the transferred image in the static exposure

15 manner, and a dynamic characteristic of the exposure
apparatus is detected on the basis of a measurement
result of a state of the transferred image in the

Scanning SeXposure manner.

20 59. The evaluating method for a lithography system
according to claim 58, wherein the exposure apparatus
‘comprises a projection system which forms a projection
image of each of the patterns, and the characteristic of
the exposure apparatus includes at least an optical

25 characteristic of the projection system.
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one of the application step and the development step 1is
changed, at least one of the application factor and the
5 development factor of the step in which the substrate-
processing condition therecf 1s changed 1s determined

independently from the exposure factor.

€1. The evaluating method according to claim 1,
10 wherein:
at least one of the application facter and the
development factor is determined independently from the
exposure factor; and
a substrate-processing condition is adjusted, on the
15 basis o©f the determined factor, in the at least one of
the application step and the development step of which

factor is determined.

62. The evaluating method according to claim 1,
20 wherein:
at 1least one of the application factor and the
development factor 1s determined independently from the
exposure factor; and
a substrate-processing condition in the exposure

25 step is adjusted on the basis of the determined factor.

63. A method for producing a device including a
lithography process, comprising:
determining, by using the evaluating method as
30 defined in claim 1, at least one of the application
factor, the exposure factor and the development factor
independently from the other factors; and
adjusting a substrate-processing condition in the

lithography prccess on the basis of the at least one
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64. The method for producing the device according
to claim 63, wherein a substrate-processing condition is
adjusted in at least one of the application step, the
exposure step and the development step of which  factor

10 is determined.

65. The method for evaluating the 1lithography
system according to claim 7, wherein when a substrate-
processing condition in at least one of the applying

15 apparatus and the developing apparatus is changed, a
characteristic of the apparatus in which the substrate-
processing condition thereof 1is changed 1is evaluated

independently from the characteristic of the exposure

apparatus.
20
66. The method for evaluating the 1lithography
system according to «c¢laim 7, wherein a substrate-
processing condition in the lithography system is
adjusted on the basis of the at least one characteristic.
25

67. A method for prcducing a device using a
lithography system, comprising:
evaluating, by using the method for evaluating the
lithography system as defined in claim 7, at least one of
30 the characteristic of the applying apparatus, the
characteristic o©of the exposure apparatus, and the
characteristic of the developing apparatus independently
from the other characteristics; and

adjusting a substrate-processing condition in the
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68. The evaluating method according to claim 19,
wherein when a substrate-processing conditien in the
substrate-processing apparatus is changed, the

10 characteristic of the substrate-processing apparatus is
evaluated independently £from the characteristic of the

exposure apparatus.

69. The evaluating method according to claim 19,

15 wherein on the basis of the characteristic of the
substrate-processing apparatus, one of a substrate-
processing condition in the substrate-processing
apparatus and a substrate-processing condition in the

exposure apparatus i1s adjusted.

20
70. The evaluating method according to claim 19,
wherein:
the transferred image 1is a development pattern
obtained by developing the photosensitive material; and
25 the characteristic of the substrate-processing

apparatus includes at least one of a characteristic of an
applying apparatus which applies the photosensitive
material to the substrate and a characteristic of a
developing apparatus which develops the photosensitive

30 material.
71. The evaluating method according to claim 19,

wherein the transferred image is a latent image obtained

by exposing the photosensitive material, and the
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apparatus and the characteristic of the substrate-
10  processing apparatus; and
adjusting a substrate-processing condition in the
lithography system on the basis of at least one of the
evaluated characteristics,
wherein a substrate on which a pattern is formed by

15 the lithography system in which the substrate-processing

condition thereof has been adjusted is obtained.

73. The adjusting method according to c¢laim 25,

wherein when a substrate-processing condition in the

20 substrate-processing apparatus is changed, the
characteristic of the substrate-processing apparatus is
detected independently from the characteristic of the

exposure apparatus.

25 74. The adjusting method according to c¢laim 25,
wherein on the basis of the detected characteristic, one
of a substrate-processing condition -in the substrate-
processing apparatus and a substrate-processing condition
in the exposure apparatus is adjusted.

30

75. The adjusting method according to c¢laim 25,
wherein:
the transferred image 1is a development pattern

obtained by developing the photosensitive material; and
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the characteristic of the substrate-processing
apparatus includes at least one of a characteristic of an
applying apparatus which applies the photosensitive
material to¢ the substrate and a characteristic of a

developing apparatus which develops the photosensitive

- material.

76. The adjusting method according tco claim 75,
wherein:

the characteristic of the developing apparatus is
evaluated on the basis of a result of the measurement of
the development pattern; and

the characteri;tic of the applying apparatus is
evaluated in a process different from the process in
which the characteristic of the developing apparatus is

evaluated.

77. The adjusting method according to claim 25,
wherein the transferred image is a latent image obtained
by exposing the photosensitive material, and the
characteristic o©f the substrate-processing apparatus
includes a characteristic of an applying apparatus which

applies the photosensitive material to the substrate.

78. A method for producing a device using a
lithography system, comprising:

detecting, by using the adjusting method as defined
in c¢laim 25, the characteristic of +the substrate-
processing apparatus independently from the
characteristic of the exposure apparatus; and

adjusting a substrate-processing condition in the
lithography system on the ©basis of the detected
characteristic,

wherein a substrate on which a pattern is formed by
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the lithography system in which the substrate-processing

condition has been adjusted is obtained.

79. The measuring method according to claim 44,
wherein a substrate-processing condition in a lithography
system 1is adjusted on the basis of the -determined
application state, the lithography system including the
exposure apparatus and an applying apparatus which

applies the photosensitive material to the substrate:

80. The measuring method according to claim 79,
wherein the substrate-processing condition which 1is
adjusted is different from an application condition of

the applying apparatus.

81. A method for producing a device wusing a
lithography system, comprising:

determining, by using the measuring method as
defined in claim 44, the application state of the
photosensitive material; and

adjusting a substrate—processing condition in the
lithography system on the basis of the determined
application state, the lithography system including the
exposure apparatus and an applying apparatus which
applies the photosensitive material to the substrate,

wherein a substrate on which a pattern is formed by
the lithography system in which the substrate-processing

condition has been adjusted is obtained.

82. The measuring method according to claim 49,
wherein a substrate-processing condition in a lithography
system 1is adjusted on the basis of the determined
development state, the lithography system including the

exposure apparatus and a developing apparatus which
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develops the photosensitive material.

83. The measuring method according to claim 82,
wherein the substrate-processing condition which 1is
adjusted 1s different from a development condition of the

developing apparatus.

84. A method for producing a device using a
lithography system, comprising:

determining, by using the measuring method as
defined in claim 49, the development state of the
photosensitive material; and

adjusting a substrate-processing condition in the
lithography system on the basis of the determined
development state, the lithography system including the
exposure apparatus and a developing apparatus which
develops the photosensitive material,

wherein a substrate on which a pattern is formed by
the lithography system in which the substrate-processing

condition has been adjusted is obtained.

97



