;ef ghij kl e3e4\ 6T*B DESCRI PTION | MAGE FORM NG CHARACTERI STI CS MEASURI NG
METHOD, | MAGE FORM NG CHARACTERI STI CS ADJUSTI NG METHOD, 5 EXPOSURE METHOD
AND APPARAT%ﬂm D STORAGE MEDI UM AND DEVI CE MANUFACTURI NG METHOD
TECHNI CAL FI nt invention relates to image form ng 10
characteristics s®asuring nethods, inmagefornmng characteristics adjusting
nmet hods, exposure nethods and apparatus, prograns and storage nedi uns, and
devi ce nanufanghMﬂﬁ nmet hods, and nore particularly to an i mage form ng

characteristi met hod i j argeted i mage formng
) DERCRETiON

characteristi ction opt emis neasured, an inmage formng
characteristics adpwsti ng nethod in which the inmage form ng characteristic
i s adjusted, an exposure nethod in which exposure is performed using a

proj ection opMEl EORMBNGMONERACTERESTACS "MENSURENS iMETHJIRS been

adj usted according to the inmage form ng characteristics adjusting nethod

and an exposIMAGEPFORMENGUICHARACTERDSTICS1 AD JUST I NG METHODY
characteristics adjusting nmethod, a program which makes a control conputer

of the 2% exEXROSURED METHOD:XANDt ARPPARATYES , oPROGRAMAAND and adj usting
a targeted image formng characteristic of a projection optical system and
an i nf or mat i STORAGEgMERI UMy | ANDhDEVI CEn NMANUSRCGIURING METHOD i s

r eadabl e 2 by the conputer, and a devi ce manufacturing nmethod using the
exposure apparatus. BACKGROUND ART 5 Conventionally, when nmanufacturing
devi ces such _as sem conductors, liquid crystal displays, or the like in a
phot ol i t hogr FHGENEFele SEIBLI) ection exposure apparatus have been used,
such as a reduction projection, exposure aggaratus based on a

st ep- and-r epeat net RBdPEESEBEcANVEAt18NsFRpPEFF BAdIB2ERahATRY™Pr of ecti on
exposur e appa at us baseg.on a step-and-scan net hod %a so-cal | ed scanni ng

st opper ) L0 W EROSACHopr o) d6ti BRogRpotdr BEARaPat ala0g SECTEPE formed on a
phot o- mask or icle.(generall r as_" i.cLe” rain er) is
transferred Sﬁ%ggfgegléggggr%Féxgﬁghgaéggh%g éreépggh% agggngFegégated
with a photo Lid I S 0f.Q=k esLSt i . ALOj ecti on
opticalpsystEEPEG%E%EHSEE?QE?hFi%égsggﬁggﬁguﬁggﬁﬁggéiggg,aggégésg di fferent

circuit pattgppsraeed tiagbretaraed hﬂdmb&gngrchh@x%W @B ansyhsteate, it
is inmportant to accurately overlay the reticle on which™a circuit pattern

is fornmed onferimhagpahternrtbersgtdcsnmpiisariag @achogheh aneahoa the
substrate. In order to have good overlay accuracy, image form ng
char act er5 st iteggetetihémpnej €ctrimangophiecaktsysbedc of a projection
optical system is measured, an image forming
characteristics adjusting method in which the image
forming characteristic is adjusted, an exposure method in
which exposure is performed using a projection optical
20 system whose image forming characteristic has been
adjusted according to the image forming characteristics
adjusting method and an exposure apparatus suitable for
performing the image forming characteristics adjusting
method, a program which makes a control computer of the
25 exposure apparatus execute processes of calculating and
adjusting a targeted image forming characteristic of a

projection optical system and an information storage

medium in which such a program is stored and is readable



25 need to be adjusted to a desired state (for exanple, a state where
magni fication error of the transferred imge of a reticle pattern relative
to each shot area (pattern) on the substrate is corrected). Even when
transferring a 3 reticle pattern of a first |layer onto each shot area of
the substrate, the image form ng charactesistics of the projection optical
systemis preferably adjusted so that reticle patterns of a second | ayer
and the layers onward 5 are accurately transferred onto each shot area. As
a premse fop, adpustip uEF? | JRge,f qLiL ng ﬁQﬁL?S%@E&?b'Cﬁeﬁﬁo&Y e; oL
optical characteristic) of fhé projéction optircal sys gnl e i nage“form ng
characteristigs @ﬁ?gshgebgp gggggggly measured (or 10 detected). As the
measuri ng nmet hod of the inage orm ng characteristics, a nmethod in which
the image form ng characteristics are cal culated (hereinafter referred to
as "exposing nethod") is mainly used. In this nmethod, exposure is perforned
usi Nng a neasBARTKGROUNE ARTWI ch a 15 predeterm ned neasurenent pattern is
formed, and a transferred i mage such as a resist inmage obtained by
devel opi g t he sCbsivieatte oma 1ilyi, Cclwhilhe mpnhojfected ingade vaketshe udBasgr enent
pattern is transferred and fornmed, is neasured. Then, based on the
measur ement sesdcpsdutherg iliggedf orgshglcHasptbgsi sbiccshespekefinahly
Seidel's five aberrations (distortion, spherical aberration, astigmatism
field curvat Bhetardtbesuprhie pabeekbat eBroBestides suwphsuraethpdraguset hod
in which the abovenmentioned five aberrations are calcul ated w thout 25
actual 'y perP8VRi R§SBxpE8dr eSUREr 88naf FeFUFEfePr BT BChEONaBKPAF UL frage
measur enent nethod"hﬁiga%% o used. In this nmethod, a nmeasurenment mask is

I

i || umi nated @FPRTEH aPlof FFERE2"dndcRERFal"FhAged®( pPoFaLL 8E

i mages) 104-g£ asyre nt patterns forned, via the projection tical

system are neasured, &an ?hgﬁaPHé“8b8683FF5é08b8FP8$P6hsaeaﬁéagﬁﬁed based
th t ' h ' h i al

‘mage 5 moasqfonant it FodPasan road B0t A 8Pasr Pstonran AoAgL i ve

aberrations, sEQ?g@?§‘$Urﬁf@r§‘ts@@i§ ﬂPo?@cff&?aéﬁﬂoﬁfgﬁs Yar sl ng the

appropriate pattern for each neasurenent. Furthe e order to perform

the neasurenpattBas terRedcenSkdghedo-fgRRNAi-NGeLNClBe (H¥REr4d019Nd anount
of the aberration to be neasured, in order to accurately adjust the

proj ecti on optifeatesysbess Feoetexaspl aerebanfeermn is tangerethedi srge of
the pattern is not resolved, therefore, when aberration such as distortion,
spheri cal5 aber sabsbmatassighmbesm anéet5omeasyiedsi plehesceshatd, wathur at e
data cannot be obtained. Accordingly, in such a case, the cona needs to be
reduced to aaceBhpapPAcheyelvbematerieadsaneheas anptpsptoresoater viheal ike is

performed. In addition, due to higher integration of
projection optical system.

When manufacturing semiconductor devices, because
different circuit patterns need to be formed in multiple
20 layers on a substrate, it is important to accurately
overlay the reticle on which a circuit pattern is formed
onto the pattern formed in prior on each shot area on the
substrate. In order to have good overlay accuracy, image
forming characteristics of the projection optical system
25 need to be adjusted to a desired state (for example, a
state where magnification error of the transferred image
of a reticle pattern relative to each shot area (pattern)

on the substrate is corrected). Even when transferring a



20 sem conductor devices or the like in recent years, circuit patterns are
becom ng finer. Thus, correcting only the Seidel's five aberrations is not
suf ficient enough, and requirenents are pressing for an overall adjustnent
of the imge formng characteristics of the 25 projection optical system
including the higher order of aberrationsy In order to performsuch overal
adj ustnent on the inmage form ng characteristics, lens elenents that require
adj ust rent and their adjustnent anmount need to be 5 cal cul ated, by

perform ng In%kﬂ@&e ¥rtkd eo§0§p§§§gkoﬂay% ﬁétéa& “SQo@SaEEEVBEUVe

refractive thlc ness div ens e enents conposi ng the

proj ection OEhbcéhb§¥§E%€‘ @hbb%ﬁﬁeé fB%ﬁ@Héecﬁé&éc@@rh@ghﬁbd5§|th@ns
el enents are confidential for the éxposure apparatus meker, it is usually

difficult fobraj§@tzbﬁeoEe@Bancegatémpabrp@gfe&aadyugabugtbaes6XE9§ure
apparatus or a user to obtain such data. In addition, since the

i ght-ray-traeeicoapphateenslOfr aQueeceadanagbar AAUS tABDUA et bhWwerdit i S
not realistic for the service technician to performthe conputation on
site. In addetreoncculmetefliyettraok fabeedatnops eetht bbopr ereeti on opti cal
systemon the image form ng 15 characteristics of various patterns are
di fferent, which aRsoannkemiaeufer efljuatérposheeimppar dousihgve different
reqU|renents dependi ng on the type of pattern_to be projected. For exanple,
a_cont act - horBaparcterasidcaf flectemepart PeGraply chprastrgiatism oA the
| i ne-and-space 20 pattern with a thin I|ne width is greatly affected by
coma, and foPr8%§ﬁ§P8n BRSL CRocHYSHEEIt FHR FBadPf ferBAPIbet ween an i sol at ed
i ne pattern End a._line-and-s ag Ra tern. such C|r%u23tances, new
§GchiCa end

t echnol ogi es® ?éafgeéiﬁééfédn © aﬁ@Wr?gEﬁHop86§uF8 bl e an
operatory 4 n gﬁigﬁg%ﬁﬂgucﬁg tﬁgc$8£%u£?n$eﬁé9ﬁ8&a ? @@éelﬁgg §H£§ﬁ§

measur enent ormng characterrstircs

char act er | st (kb 3.REeheat | Ao cAodPihogh SKSLER 163 s%aunxntghe i mage

form ng characterlstlcs érrations) predicted to a great “i nfl uence

on the accur%%ﬁrﬂ@%@r&%@@%%e%&b”&aécﬁqﬁk%@t B@EE@h@fQ@EOréf%¥Q§Hr%be or a
new technol ogy that can 5 enable a service techn|C|an or the like in a

senlconductObsfa@&pbﬁlhg pethedm) a ikehatinygl Yissdpl en ankli Hi @bt yoaccurat e
adjustnent on the inmage form ng characteristics of the projection optical
system The pxesentrei Agepeirdorwes medeguaderasuekbment mask on which a
15 predetermined measurement pattern is formed, and a
transferred image such as a resist image obtained by
developing the substrate on which the projected image of
the measurement pattern is transferred and formed, is
measured. Then, based on the measurement results, the
20 image forming characteristics, specifically Seidel’s five
aberrations (distortion, spherical aberration,
astigmatism, field curvature and coma) are calculated.
Besides such a method, a method in which the above-
mentioned five aberrations are calculated without
25 actually performing exposure (hereinafter referred to as
“aerial image measurement method”) is also used. In this

method, a measurement mask is illuminated with an

illumination light, and aerial images (projected images)



10 circunstances, and has as its first purpose to provide an image form ng
characteristics neasuring nethod in which a targeted i mage form ng
characteristic of a projection optical systemcan be neasured easily and
accurately. The second purpose of the present invention is to 15 provide an
i mage form ng characteristics adjusting nethod in which an inmage formng
characteristic of a projection optical systemcan be adjusted easily and
accurately. The third purpose of the present invention is to provide an

exposur e met t%gdn@rﬁg\l){?bﬁl@nft' E‘ét%%%r ?Brﬁée QEaZQhEO %ﬂFWtHBn98§@195§C' si on

on a substra ourth purpose o resent Ion I's to provide

an eXpOSUfe_%ﬁ@%éﬁt%§etﬂé%sﬁ§@dtr%HEf%Eeﬁ Eﬁ%tgvagff%v@aébeQBBgléns
substrate with good precision. The fth purpose of the present invention

is to 25 provkdeudatdev gaseandhaehdr negsiethedtt kakugestributes to
i nproving productivity of the devices. The sixth purpose of the present

invention is to praviwdeecd, pwdghamhsuckpbkeéntomeuiedi sreaehiall thege
exposure apparatus, and an information storage nedi um

5 measurement method described above, in order to obtain
all five aberrations, the measurement has to be repeated
separately, using the appropriate pattern for each
measurement. Furthermore, the order to perform the
measurement has to be considered, depending on the type

10 and amount of the aberration to be measured, in order to
accurately adjust the projection optical system. For
example, when coma is large, the image of the pattern is
not resolved, therefore, when aberration such as
distortion, spherical aberration, astigmatism are

15 measured in this state, accurate data cannot be obtained.
Accordingly, in such a case, the coma needs to be reduced
to a certain level before measurement on distortion or
the like is performed.

In addition, due to higher integration of

20 semiconductor devices or the like in recent years,
circuit patterns are becoming finer. Thus, correcting
only the Seidel’s five aberrations is not sufficient
enough, and requirements are pressing for an overall
adjustment of the image forming characteristics of the

25 projection optical system, including the higher order of
aberrations. In order to perform such overall adjustment

on the image forming characteristics, lens elements that

require adjustment and their adjustment amount need to be



where such a programis stored and is readable by a conmputer. 5 DI SCLOSURE
of I NVENTI ON According to a first aspect of the present invention, there is
provi ded an immage form ng characteristics neasuring nmethod in which at

| east one inmage formng characteristic of a projection optical 10 systemis
measured, the nethod conprising: a measurg ng process in which wavefront
aberratlon of the projection optical systemis nmeasured at one measurenent
point at the least in a field of the prolectlon optical system and a

cal cul ating peocess bl WhiCheabolaask gnesLAroeLod.1a-LIBgE oLt g

characteristic is calclla e nmeasuri ng o
gaggngornlng

aberration aﬁglﬁgzééﬁkasM@h'éE'EBr§§@h§eOfrE@?aE@Egétgggé
characteristic that is prepared in advance. The "targeted i fhage forning

characteri st tg1ckRebB) S020168$¢idhs1a1608CePEmERAL beﬁbagﬁﬁ?behb a targeted
|nage formng characteristic and its index. In this descripfion, the term

"targeted i npgejkotibngopbacact eyksknc” is used in such neaning. In this
nmet hod, after the wavefront aberration of 25 the projection optical system
is measur®ed in at Hewsveonebaeasseedent pbi hhdinithelflehd elehbets
projection optical system the targeted inmage form ng characteristic is
cal cul at ed basedcenfifdenfeasufed abereappenrandepheatus maker, it is

usually difficult for a service technician repairing or
adjusting the exposure apparatus or a user to obtain such
data. In addition, since the light-ray-trace computation
10 requires an enormous amount of time, it is not realistic
for the service technician to perform the computation on
site.
In addition, the effect of aberrations of the
projection optical system on the image forming
15 characteristics of various patterns are different, which
also makes a user of an exposure apparatus have different
requirements depending on the type of pattern to be
projected. For example, a contact-hole pattern is
affected particularly by astigmatism. A line-and-space
20 pattern with a thin line-width is greatly affected by
coma, and for example, best focus position is different
between an isolated line pattern and a line-and-space
pattern.
Under such circumstances, new technologies are
25 expected, such as a new technology to enable an operator
in a semiconductor factory to perform a simple and
accurate measurement of the image forming characteristics

(a type of optical characteristic) of a projection



8 Zerni ke variation table of the inage formng characteristic that is
prepared in advance. By preparing the Zernike variation table in advance in
such manner, the targeted inage form ng characteristic can be 5 cal cul ated
with only one neasurenent of the wavefront aberration. In this case,
because the measurenent is performed on wavefront aberration, which is the
overall image form ng characteristics of the projection optical system the
targeted inage form ng characteristic can be 10 obtained wi th good

accuracy. | nobhl s, 056 L0 LhE,£R Sl 9LiNg Brocessy ey the target ed |mmge

form ng char stit inclu aracteristics of a plurality

of types, ?ﬁéP@&@eiP&QlQQ ?Q@%§££€{6§ékcér8&lét@éUE@Jﬁéyeoé 5%@&@ 15

i ncluded in e targeted inage formng c acteristic can each

wmmw%MMMMWM%&MMM@MW%%%MMG
variation table for each of the image form ng characteristics of a

plurality ofpiypesn MWtb hLheubsBeLcéprotng ORI 8&tehdBbh ¢St BasEahng 20
method in the present invention, the Zernike variation table of the inmge
form ng charagcilerésii gefmyc@etgadﬁlsemr@fetyefDtkyatmo,us i mage form ng
characteristics, taking into consideration various patterns, or the nethod
may further sempcoseéucaonakangopyotesserfiowhi ghr@batovelyi sispheeasét in
order to make a Zerni ke variation table, based on information on a pattern
subj ect to phbgltyiancbyattea@)ofenenbnoopthieaimayst Eprmbadt he targeted

i mage form ng characteristic, and a Zernike 9 variation table of the

t ar get ed |na@@aiéﬁﬁ?ﬁgséhgﬁa@fth%tPéoﬂﬁ@?l@6r@ﬁ§h@ﬁhssfﬁt?%fornat|on
related to a given aberration is nade, based on information related to the
proj ection optical TRy sRERTERH FRY @R iR ofe § eNadediBIeh $Hen gi ven

b t to th th att
i or matitbn PLFaPBRCEBCER. BRG] BECI O bbti AP byBUEHPEAntP nhr QLS RuRr i cal

3232?ELStﬁfoiﬁgﬁﬁLﬁ#ﬁéihﬁn PRERECLEREHER phattFhBE EPRedCThraBRen SRt oo

measur i ng ”EEQPQetﬁthﬁa ée§89%ik§V8H£k98te¥@§Bléh8fZ§r§£5§e¥@£bﬁt'0” table

is made prior t e nea uring process, In the naking process, when the

target ed '”Hgﬁtieéﬂ1Q?s@@ﬁréSBeEéSﬁéSshPEBUQESiﬂ?ggnéoéabﬁgaﬁéﬁyaCter'St'CS
of a 15 plurality of types, a Zernike variation table for each of the inmage

form ng characterishéCsegbna phpaket ¥yrothéypessénat igoenesPnNdst Oot he
information related to aberration can be made. Wth the image form ng

char act er3 st pesvirdasani hgagé ferhodgi ohbhecpeesshicknadntsohngi hethad
further conprise: a displaying process in which information related to the
targeted i nage Wbiahngnchuedet Epkwing tharahasrbetnccaFfcal aredession

di spl ayed. According to a second aspect of the present
optical system can be adjusted easily and accurately.

The third purpose of the present invention is to

provide an exposure method in which fine patterns can be
20 formed with good precision on a substrate.

The fourth purpose of the present invention is to
provide an exposure apparatus that can transfer a pattern
of a mask onto a substrate with good precision.

The fifth purpose of the present invention is to

25 provide a device manufacturing method that contributes to
improving productivity of the devices.

The sixth purpose of the present invention is to

provide a program suitable for use in each of the



25 invention, there is provided a first imge form ng characteristics

adj usting nmethod in which at | east one inmage form ng characteristic of a
projection optical systemis adjusted, the nmethod conprising: a neasuring
10 process in which at |east one targeted image form ng characteristic is
measured using the image form ng characteristics nmeasuring nmethod according
to daim1l;, and an adjusting process in which the projection optical 5
systemis adjusted based on results of the neasuring of the targeted i mage
form ng Char8§£§£b§é'£ %Pa&@%,aQﬁ@?éﬁPQnE§£HQQioﬁe§@8§§ thb§ASH One
targeted i mage ornlngp% aracteristic is neasured using The I mage form ng
char act eri sti,fs, gegsuni R0, HELEOR 10 8€6PLdl Byt 0s Lhea ghspentyi avention, the
targeted i nage ?ornlng ch%ra teristic can be obtained wt g%od accuracy.
And the projggﬁ%ggepptical systemis adjusted based on the inmage formng
characteristic that is obtained (the neasurenent results of the inmage
formng characteristic). 15 Therefore, the targeted i nage form ng
characteristic of the projection optical systemcan be adjusted with good
accur acy.5 FODISCLOSURBD Yo fa INMENTHONr get ed i nage forming characteristic
an imge formng characteristic (aberration) that particularly influences
the i nmage 20 form Agcofdangubpezt fpast easpetheof nelge poesemy characteristic
of the projection optical systemcan be adjusted as nuch as possible
accordi ng tolnnensiuppecthpaet ésnproviidafdsagaswage h&oprofect i on opti cal
system can be 25 structured conprising a plurality of optical elenents that
i nclude a sp@BﬁFF@tﬁﬁ%FEaFSeméﬁﬁﬁflﬁgeﬂngPdaﬁpugghﬁht? ah82aH] 98¢ nent of
the projection optical ,systemcan be perforned bg_declding a targeted

adj ust nent tH398nbORT1BY FRETEREETFEI6pPTcal PEPeRERt OBy RbAPAt ati on usi ng

arelati exBr ssi on between thg i ma fgrnin characteristic_that has

been neé@ﬂrea,Sggpaﬁﬁt@?g?uﬁﬁa’a Fﬁr@ggaa aﬁfﬂgfﬁﬁﬁFganﬁuﬂ?aﬁ?rfﬂ% specific
Cical & el _ g . e . : '

0] ustment aea GFRg Lo ) R GEey hoaoh Br §EPEE R hePre R aRbOAEL 1R

paraneters dgpetlgg ayLeLat i ennbetueey leHﬁé”ﬁ@ésﬁieﬁéﬁtSESQhE'Stopt'Ca'

element and a change in inmage formng characteristics of the projection 10
optical systepe fegordingat @iaihbrdtaspgebijebttibg ppesenl kpyeshion, there

is provided a second inmage form ng characteristics adjusting nethod in
whi ch at | eaghdonechlBgeatonyi pgoebasachewhsthcaof 1aaptopret tangepetdcal 15
systemconprising a plurality of optical elenents that include a specific
opti cal & emenhgasédridngadhastnentrissiadjiastedcul heedet hadedooprtseng: an
obtai ning process in which at |east one imge formng characteristic of the
proj ection opereakisysténvagebbbarnsderbptobnapnidng Zernike variation
table of the targeted image forming characteristic that
is prepared in advance.
The “targeted image forming characteristic” in this
20 case, 1s a concept that includes both a targeted image
forming characteristic and its index. 1In this description,
the term “targeted image forming characteristic” is used
in such meaning.
In this method, after the wavefront aberration of
25 the projection optical system is measured in at least one
measurement point in the field of the projection optical

system, the targeted image forming characteristic is

calculated based on the measured aberration and the



20 information on light via the projection optical systemat one

measurenment point at the least in a field of the projection optical system

and a deciding process in which a targeted adjustnent anmount of the

specific optical element is decided by conputation using a 25 relation

expression between the image form ng characteristic that has been obtained,

paraneters, and a targeted adjustnent anount of the specific optical

el enent, the paraneters denoting a relation between 12 adj ustnent of the

specific opti .ele nd_a geci Ny J Ok haracteristics of

t he projecti%%?%ﬁ %cg$9%§§F§%1tg§?§p§£i?F%nggggéaﬁg%ﬁgn nt used for

adj ustment’ EfapabBLeicAse: chatels booBasBECLLI CaoRhbCal ) GiRMaLIRY 19
ara hl. % § epa . \ d%léldatlﬂgé

used for adjusting the image form ng characteristic, an S case

when the i”agﬁefQéHﬁﬂQeCU§E§§E§BBS£EEléfi?h@d@éﬁb@clhoguéﬁtﬁ§ﬁ£e§YSte”‘iS

adj usted by driving or changing the specific optical elenent, the case such

as 10 when thRrei GB@getOEMiNggehapant 8§ shheatseaditstedaRypeeprocessing or
exchangi ng the specific optical elenment is also included. That is, besides

adj ustmert (celtethtod)wotht balymage heasupgmehar act eheskhtetohbe

adj ustment stage, "adjustnent” with the specific optical 15 elenent also

i ncl udes theabmkragioh.t hin priol eotass, dptdaade shist emaddsednievhase | mage
form ng characteristic is adjusted. In addition, as a matter of course, the
speci fic optbPeafoshedenn Vavehdpustabarrasiaot vhithedst bhenevenallmy be
in plurals. In this description, the term20 "A specific optical elenent
used for adj i8eEBntOrMéngsebaracEaEhshifrBaffnghel Rradartion, onhefat he

speci fic optical eleﬂgnt for adgustnent is in plurals, the "targeted

adj ust nent af¥ahE™ i heFubBEICHE cé@@gﬁhéﬂrWﬁﬁgaﬂPﬁg?ﬁEﬁfl%ﬁﬁﬁnFaPsb?S zero,

that is,, the ggse enﬁgﬁ adgastnent is made. In this description, the term
"target ed adfU5FMBAT BHbUnE® Fs2658E2F¥ - such a neaning. In this nethod,

when adjusting thergroj.ecthoe 13 pRLTcalcaystem. Loforumtignon hooht via

the projection optical systemis ainéd at ~one sure in the

| east in thetgksgeeafi&gsep&ekgghggehgpghgeki§¥§&eﬂhc@ageFEﬁaggage form ng

characteristic is obtainéd. An 5 pertformng conputation, "using a

relation expeessing BELYEEBetNStipBYEET QT plLgathayaskeriptsc that has been
obt ai ned, paraneters denoting the relation between the adjustnment of the

speci fic optimabeekerrihgantdathetehapgecksnothe pMagelieynmbAgtypes
characteristics of the projection
15 included in the targeted image forming characteristic can
each be calculated, based on the measuring of wavefront
aberration and a Zernike variation table for each of the
image forming characteristics of a plurality of types.
With the image forming characteristics measuring
20 method in the present invention, the Zernike variation
table of the image forming characteristic may be made
separately for various image forming characteristics,
taking into consideration various patterns, or the method
may further comprise: a making process in which
25 conditions are set in order to make a Zernike variation
table, based on information on a pattern subject to

projection by the projection optical system and the

targeted image forming characteristic, and a Zernike



10 optical system and the targeted adjustnent anmount of the specific
optical elenent, with the targeted adjustnent anount as an unknown val ue,

t he unknown value, that is, the targeted adjustnment amount of the specific
optical elenment is decided by conputation. In this manner, by 15 using the
rel ati on expression between the actual nmeasur ement results of the inmage
formng characteristic (aberration), paraneters denoting the relation

bet ween the adjustnent of the specific optical elenent and the change in

the i mage form ng_characteristi of the 2 rojection.optical system and
t he targetedvﬁafggfﬁﬁngaéﬁﬁuﬂ% ggetkﬁrgﬁgggf?@agﬁt%85@13 ement, the
targeted adj ugtyent QHBH?E of, £h80§98gééhgfgg%;gggo§&§gﬁgﬁ %g§a€88r€8ti”9

the image formng charactéristic can eas S nmakes it
possible to gdusknt B8e2patMBACIbORALAY EORLACLAT kftbemdLs LR RIGLEGHT ON
optical systemin a sinple manner wth high precision. In this case, the
nmethod may fupt BRE pOBPELEEoANCERLALMI BYsPEACERS kArvhinghibRerpanaggt ers
are obtai ned, 14 prior to the obtaining process in which the inage
form ng char aet enkshi¢ehSapbtabbedn, WokhotheoserenfebkBBIENHOPALHESsS .
characteristics adjusting nethod in the present invention, the inmage 5
form ng char aat enhestaetsubiast,t ohadjinsbprat ibayrbeadsliytonehenage form ng
characteristic, or the image form ng characteristic my include a plurality
of types of pmagectdorm ngtéhalasyekest ces. ihnltiHe hamkercedseperhutrhe

obtai ning process in which the inmage formng 10 characteristic is obtained,
i mage form ngfchheaprepestiies ebtacplussabten, ofliypésataanbeondisined, and
in the deciding process, a target adjustnent anount of the specific optical
el ement can Be&ddEaveéanByhcehpitatMdRatidPRglaghélati on expressi on between

t he inagf formng 15 characteristics of a gluralit of tyges t hat have been
obt ai nedt0 par anet efsthahi®alPapgef e4mABP uSPAEAE CGRDEBRE COF MERBUEPREI fi C

tical el t.h t 0ting, | at i b 1, adj ust t of
The Speci 11 0 BBEPHar"oF BRORE CARA o SRARDECTN MRRBCRer RERG ERal act or | st | s

A opt ™ o : ! .
0 the pr%b%ﬁ%k?%n°?%éﬁ%ﬁ %g%&ﬁ%‘FgéEg EBetﬁ898Q9sh§§98 Fgég%%gge

characteri sti ¢S neasur résent 1 nventi on,

form ng Char%ﬁt%E%Shﬁﬁiﬁﬁbb?%EeEQ,angﬁt@ﬁ@tt8§8e@@digﬁ@@ef@thﬂﬁg

characteristics of various types, and 25 corresponding to such inage
form ng charaghericsbiréstvariiausubel ahbheR expmensi eRsreanckReseonsi dergd. For

exanpl e, the image form ng characteristic can be a wavefront aberration
expr esserk i npauZanfickeo@okypesiak. Zernike variation table for each of
the image forming characteristics of a plurality of types
that correspond to the information related to aberration
can be made.
With the image forming characteristics measuring
20 method in the present invention, it can further comprise:
a displaying process in which information related to the
targeted image forming characteristic that has been
calculated is displayed.
According to a second aspect of the present
25 invention, there is provided a first image forming
characteristics adjusting method in which at least one
image forming characteristic of a projection optical

system is adjusted, the method comprising: a measuring



15 In this case, the relation expression can be an equation that includes a
wei ghting function that perforns weighting on a coefficient of any termin
coefficients of each termof the Zerni ke polynomal. 5 According to a
fourth aspect of the present invention, there is provided an exposure
method in which a pattern fornmed on a is transferred onto a substrate
via a projection optical system the expoSure nethod conprising: an
adj usting process in which at |east 10 one inmage form ng characteristic of
the projection optical s sten1%s ad%usted the.inqge formng

of t

" ;
charact eri stPER°ATF usti g™ et Abd' et Brﬁ?%gyg%ggﬁ d ohae P19 st and

A . 0d G ; a and .
orocess | novi Sk EOr FOBLATE ELhER L Ped Tk By L gL ORe e B R L e s g e

proj ection 08%5Eé&té¥§£€ﬂ%&hﬂégs&gﬁg?a%Q£H$@ga88@#&f%§r£§téfaiﬁ adj ust ed.

In the nethod, the I mage form ng teristic o projection opti cal
systen1ls_adgﬁgtgg_yé%@gtfh@ FodOst hen iR 8Eh OFhé herS§£PLHH 1 £91 M ng
characteristics adjusting nethod of the present invention, and the pattern
of the mask kgstemnssesdds o088 opshedsSehsteatBtyi aft bge PhOLECELIRG Opti cal
system whose 1 mage formng characteristic is adjusted. Therefore, because
the 25 pattetheotatbetsaskmaget fansieyredaoatvethet sgbstrate via the

proj ection optical system whose inmage form ng characteristic is adjusted
wi th high precisioh theaddbustingenpaioedr nsetaude dorhegdsononde substrate
w th good 16 precision. Especially when the projection optical systemis
adj ust ed usi hgrgfeed| t8ag¢ nhgeni vy nthgyrehbentset ¢ sifcreadjuedi wgingt hod of
the present invention, the targeted 5 ipmage form ng characteristic, for
exampl e, thethfagBager FPRgiRBaraRrafterietiabereasivagtmathedrticul arly

i nfl uences the in& e forning of the sub'ect,gattern, is adjusted as nmuch as
possi bl &9 AcRGFaF g??,t%vﬁh WRERS8RpostY 8P T §°Ber FRF BT IeTRY @Rk on

whi ch fi 10 tt is, forned th j.ect tt. , th tt
ransterred GAPhEISUDSFPAFEZUraE BrO] B6t it Sy Stem WHbseTHebe 5 HY ng

r ed dtis _ Syt e PO
of the fine bart 675 PEOLETLPAGbRERRAL TLEE LY AP pAFREESq A LTN0E, (00

fifth aspectigf {hQyR" BSBMIngNURRLLOPe i BELE L8P Q¥ g8La2ndisr $tnEXPOSUT e
apparatus that tranSfers a pattern formed on a nask onto a substrate via a

proj ection opthsakesystenestihese¥pPosHECiRRPAr BbLS1 6§BRAShBT:r AsABASUri NY
unit that neasures 20 wavefront aberration of the projection optical
system 15 Therefore, the targeted image forming characteristic of

the projection optical system can be adjusted with good
accuracy. For example, by making the targeted image
forming characteristic an image forming characteristic
(aberration) that particularly influences the image
20 forming of a subject pattern, the image forming
characteristic of the projection optical system can be
adjusted as much as possible according to the subject
pattern.
In this case, the projection optical system can be
25 structured comprising a plurality of optical elements
that include a specific optical element used for
adjustment, and adjustment of the projection optical

system can be performed by deciding a targeted adjustment



the neasuring unit being at |east partly attachable to an exposure
apparatus nmai n body including the projection optical systens and a first
conputing unit that cal cul ates at | east one targeted i mage form ng 25
characteristic based on wavefront aberration of the projection optical
system nmeasured by the neasuring unit ang a Zerni ke variation table of the
targeted image form ng characteristic. Y7 Inthis appar at us, when the
measuring unit neasures the wavefront aberration of the projection optical
system the tingpuni .cal cul at es ihe targeted i mage, f orm ng

fi t
characterist?%gﬁﬁgggggﬁh?h Cat Ehf aPRU: GAVeF T ORENE BRefPEPFHACLP t he
i ti ! | dthe Z i k lat] t abl f the t ted
P oo f ormi nhoLid, 2ot ) e} PR e tREe T 0N R abitog) HiE: MR vs Fompifne 07 °

vari ation taphﬁraEP§r£§E9§B§Ha£nﬁgg é@éﬂigg?ﬁaééact§5kg LEc£3N by 4

calculated wth only one measur enent o e walefront “aberfation. In

this case, besayseclingqyBaeHEREERhohSL PEET PR ORL,001 e%ﬁeﬁéafbefration,
which is the overall inage formng characterlsths of the projection

optical systemméhe,tangebedabifageihgr phagsshaLacteshelbg1 ca@ehenobt ai ned
15 with good accuracy. And, by perform ng exposure in a state where the
targeted i magerf asfrusgmehar agterdshictobt Rengdc it g9pg=a68Ur acy becones
optimum (for exanple, the difference between the target value is mninal),
t he mask paté&éinstmanbeahoansf ethedpontmwetbessabsvtahe s tdl 201 good
accuracy. In this case, the first exposure apparatus can further conprise a
storage uni tbehdeent adpgstinenZephi khevapeaifon cpbieal nehewenteandWah the
first exposure apparatus according to the 25 present invention, the
Zernni ke var FAgRen iabiBaganfpemingerhpkecvariatien eabteeoprohectheyet ed

i mge fornin% chargcteristic that corresponds to information on a given
aberrat i’dh ofPEXPBSUPESBFMa subj ect pattern. 18 The first exposure
apparatus accordin he present. invention cap further conprise: an input

t
unit used to inputg?ﬁ$5 ha? i on %ft9%$¥oﬁ§p?95e% iB%qu?%@e?Efprnation on
char acteri st LoV RhEaP b RGRE T bF aPEa" 1 05Hha SPaPRa: BROGREP BT ey

characteristic, |Inforhation re tht"9ystem and

nformation gRaLhe:gkYen; BDeLL3hL oM AN: AoSeERNdh OPULT g, LRI SpLhat set

conditions in order to ma variation ta ase

information onagbersvhigst cRather8randitherld basgetedoinggei £91n ng
characteristic input via the input unit, and based on information rel ated

to the @jesysoemopbipal sshgt enpandal D gr st beoiegl abeaméOt s hengiven
aberration input via the input unit, the second conputing unit makes a
Zerni ke vari ahcondeéabl spetifhe dvatfjebbdelement used for adjustment is
adjusted, the method comprising: an obtaining process in
which at least one image forming characteristic of the
projection optical system is obtained, by obtaining
20 information on light via the projection optical system at
one measurement point at the least in a field of the
projection optical system; and a deciding process in
which a targeted adjustment amount of the specific
optical element is decided by computation using a
25 relation expression between the image forming
characteristic that has been obtained, parameters, and a

targeted adjustment amount of the specific optical

element, the parameters denoting a relation between



15 image form ng characteristic that corresponds to information on the

gi ven aberration on exposure of the subject pattern. In this case, the
information related to the projection optical system can include nuneri cal
aperture 20 of the projection optical system illumnation condition, and
wavel ength of illum nation light. The fi{ft exposure apparatus according to
the present invention can further conprise a display unit which displays
information on the targeted i nage form ng 25 characteristic cal cul ated by

he fi ' [ The f di
o the preschil FRUGRET oR RRCT GPERF EoRBFT 8L a ?ﬁ%ﬁﬁ B nghands 0
charact er [ ot 165 ROLLEELLNTA L LIBLEOLERCLS B! Lheast ane, 'mage forri n

e

characteristic o roje t|on 0 |ca sten1 as car 2ul ati on
resul ts of tgﬁtggggeg9gtéﬂage fornlng characterlstlc by the first 5
conputing uni In this case, the projection optical systemcan be

structured conpristagsgel Bial bhyioh1 08t bxaht ehesBNEsSrthaiuinsbide an
specific optical elenment used for adjustnent, and the inmage formng

characterj st th$s1Baceyrecfeng Ubi b epBchave apsiendgelsnéhti thabi ¢b
paranmeters are stored in advance that denotes a relation between adj ust nent
of the speci fisedopbrcaldjekeirgt thadimagbafgenmingi ohgeatoepingic, and
characteristics of the projection optical system and a cal culation unit
that cal cul abesides5thar gesedwhepushaennagaoiotmbhgt beaspetetistdpt ofal

el ement using a relation expression between infornmation on the inmage
form ng char GbeePrsifetinat onhschéenayehfoulat edjushedpayadeieisg and a

targeted adjustnent anount of the specific optical elenment. 20 According to
a sixth aspeEPaBElPﬁetB?e§@ﬁFlﬁh@eﬁPFbﬁaltﬁé?@ePBIpFB@lﬁéﬁea5§@60ﬁ§

exposur aratus, that transfers a pattern forpmed,on a,nmask onto a
suBstraﬁ%ﬁvpﬂgﬁanBFe&??gﬁ EBFW&HF gggfﬁﬁFeFﬁétéﬁpb§u?§3ﬁﬁbﬁga?ﬁs

h t that 2 I lit f
oot cal ol enbAPEBrAEF GaPng” atphe . P ESobE oAt o6t BhenFEhbea f b CBA hst rmont :
a storage unit hﬂs§h£ﬁ918ééémt srgé)%e(geézga@qusaage%g hat denotes a

rel ati on between adj ustnent = of t
(correction) of the image forming characteristic at the

adjustment stage, “adjustment” with the specific optical

15 element also includes the making of the projection
optical system itself whose image forming characteristic
is adjusted. 1In addition, as a matter of course, the
specific optical element for adjustment is not limited to
one, and may be in plurals. In this description, the term

20  “A specific optical element used for adjustment” is used
in such a meaning.

In addition, when the specific optical element for
adjustment is in plurals, the “targeted adjustment
amount” includes the case when the adjustment amount is

25 zero, that is, the case when no adjustment is made. 1In
this description, the term “targeted adjustment amount”
is used in such a meaning.

In this method, when adjusting the projection



optical elenment and a change in inmage form ng characteristics of the
projection optical system a neasuring unit that neasures at | east one
i mge formng characteristic of the projection optical system the 5
measuring unit being at |east partly attachable to an exposure apparatus
mai n body i ncluding the projection Optiﬁ@h system and a conputing unit
that calculates a targeted adjustnent a nt of the specific optical
el enent using a relation expression between an actual 10 neasurenent data
measured by the, neasuri unit, the paraneters, and a _targeted adjustnment
anount of th8p§b8€$fF¥Sgg?rcéPng@ﬁﬁﬁ?? Ph ﬁ?gtaﬁbﬁrﬁﬁﬁsgrﬁé?ﬁﬁééﬁrs are
obtained in adganc§ that denote the relation between the ad'usEnent 15 of
FrpdSopt oal SBFaRRE aha

an adjustablgpsbgélngs %?i%%lo nen OPﬁemSﬂgﬁﬁgm?ﬂti b% fb?ning

characteristj e. proj. ecti Optki - .and o] LN the
st or age unit#ﬁ%ng%a%geﬁgtﬁggngggggi§5 gﬁ%tggéﬁgg}fgﬁngggggég %ﬁgt%ﬁhge
form ng char eri st | | | S ; th i ng
ot 2 e B e T i R T A
el enent usi ngethBrmehgt EMPAXREESAI OOsDREWEER Hei kRt HAbraB3syRENENt data
of the image form ng characteristic, the above paraneters, and the targeted
adj ust rent apeuntenf thbBeiRdagepesihifgophbheakbtekepent. tAsti Bageseehbed,
because the above paraneters are obtained in advance and stored in the
storage unit pbwhénetiheparagetéosniagothagacher rslatibabketateéonihes
actually nmeasured the targeted adjustnent 21 anmount of the specific
optical el enedgudtmendr pécthagspheifmageptorainglehanacardi sheccbangbe

cal cul at ed easilg, and by adjusting the specific optical elenent based on

t he cal cul attBnthesinfge fRemiptgenpsprrtAgicharacPér tBei prejectipe
projection optical systemcan be adjusted sinply but with high precision.
Accor di ndl y, OBy 1pett BYAFRY’ expBshtife taragtedchdprafrentopmepitcalf &hstem

whose i mage formi. characteristic is adjusted with high precision, the
pattern o? tﬁBeﬁéggCCBHEBSaErSﬁ??@?%edwbhgo%gﬁe%%éggﬁﬁgt?gﬂﬁsﬁp?ﬁtgood

accuracy via_th rojpection tical ,syst In,.this case, t dj ust nent
based o% theaé8ggg %gl§8I3P5§8V3r63%3§’a§ﬁé5 ﬂ%ﬂ w%nﬁﬁnPebfpﬁﬁg %Bécific

optical el emgpt g%gggﬁeﬂeéﬁgﬁQEHeHE“HﬁELXtvké @ﬁg?Q?éé&?Ec éét?éalfor

exanpl e, the sec exposure apparatus can furt onpri se an I nage

form ng charagtRehst iesqadiHabi B UBhputhatoad) ust stiafs | gaste ON&yy MagE
formng characteristic of the projection optical system by adjusting the

speci fi coopt ueahgektrgentlaceondeRgreestiba Betwakautpakedctapnget ed adj ust nent
anount. Wth the second exposure apparatus according to the present

i nvention, theasmageehor renglechapbéctieei shhgestibprthgt ohadpusepeatican be
one imge form ng characteristic, however, the inmage form ng characteristic
25 can i ncl udebeimugeipol ni pgrehatacsedesbiisgotha pelraliphybefwegpes. In
the latter case, the neasuring unit can neasure inmage formng
characteri st f8§ 8fliaspmapal Pfytbe eppesfér préippéj eéementopnficahesystem

and the conputin , , , .
change in the image forming characteristics of the

20 projection optical system, and the targeted adjustment
amount of the specific optical element, the targeted
adjustment amount of the specific optical element for
correcting the image forming characteristic can be
calculated easily. This makes it possible to adjust the

25 1image forming characteristic of the projection optical
system in a simple manner with high precision.

In this case, the method may further comprise an

obtaining process in which the parameters are obtained,



22 unit can calculate a targeted adjustnent anmount of the specific optical
el ement using a relation expression between an actual neasurenent data of
the image form ng characteristics of a plurality of types nmeasured by the 5
measuring unit, the paraneters, and a targeted adjustnent anount of the
specific optical element. Wth the secongiexposure apparatus according to
the present invention, the image form ng Characteristic subject to

adj ust mrent can be imge formng 10 characteristics of various types, and
correspondi such_i mage characteri ti%@ varipus relation

¢ :
expressionsngﬁ%gﬁet%oE%? %%fﬂ£%$9%§%%%§%,l?h% T gt of g OTTINg
characterlstﬁgaf%@¥€g-gty@v§§[§géa998§ratlon expressed in a Zernike

. 1 « . .
pol ynom al . I'S caSe, relati on expressi on can be an equati on

that includes a | [ f i &N j i coefficient
of any termin cg§¥%?%i€ﬁ?§§%%&gggﬂﬁ{§§rgéﬁﬁ%ﬁé?%%ﬁﬁﬁﬁgééﬁﬁégkﬁ;eﬂ.

Accordi ng toa@jsevend maspsst i Rf thdeppsesent i ZPehVen! i Ofle thege 1S
provided a first programthat makes a control conputer of an eXposure

appar at u$ t hadrhfagséRssact PALE€LA Ohib e HBSKo 04E Pu st BURS &y €& i @nBy
projection optical system execute a predeterm ned process, the program
maki ng t he com¢rdhagenpoteingxecatactar tontlecf i on 2de sthadgagf protegure in
whi ch conditions are set for making a Zerni ke variation table in response
to an i nput cfiaratoernasion may atrdlide i af pkwes 1l ooy oof at god$ ecf jpadgern and
information on a targeted i nmage form ng 23 characteristic; and a nmaki ng
procedure i nfoanERT aczeratkervakiasi odnt dle loftdte aagyetiead theage f or ni ng
characteristic corresponding to information on given aberration on exposure
of the subj eePTPERLRY NPTICHBRIN | W ECh ekpRNEBAYD EArTHPUt of information
related.to the projection optical systemand ipforpation on the, given

aber r at i1¢h. V%%Ea?%%rb?Bb?aﬁ?i%bFﬁﬁg%éieﬂm?%et RIBHRT r SP2EXRHRE T EHFS t he
exposure apparat us, by, inputti 10 information, on.the subject pattern and
i nf or mati on ?él%t%ﬁuf%l%ﬁg ?%rgg?%% Fhag ef%?ﬁ?h%e%ha?%ét%$i§??c in the
conput er, coRdjii S i fo I I variatjon:t eis

per f or med byagﬁéagg ﬁ%%#ggﬁ’r%s%%%gggt%dfﬁég$%%ﬁtgﬁégéé,8%y§$%putting

information ] t e Lect ti S gﬁga' tion on
a given aber%g%?oﬁg?n?%g?%%bc%%%ﬁ%gg %ﬁgtgﬁaggg%%%%e%gg&suc %%%%??ion

setting, theusonpuberelBKESnacLSFobkeoNaptahton £RD! endfetherhargeted image
formng characteristic that corresponds to the information on the given

aberrat ilon ooh2baexposstecofofhe sLbrecitpadfetypes tesSponsSectivedhe i nput.
That is, by only inputting mniml information necessary for making the
Zer ni ke variabtannedbl paranetehe, canpus et argechd asdi né onemt | @amoent t di

subj ect pattern, information related to the targeted i mage form ng
characteristtee sBerhfbEnabtbnatephe®ento the pavpeetedn dpuPedhIsystem
and information on the given aberration, a Zernike variation table of the
target ed inaﬁ%l?B%ﬁFn@egﬂé?%c@@3P§¥m%n¥h%f Eloer eRpehisCt Pt hea i ven

aberration on exposur e of ah . , .
element and a change in image forming characteristics of

20 the projection optical system.

With the second image forming characteristics
measuring method in the present invention, the image
forming characteristic subject to adjustment can be image
forming characteristics of various types, and

25 corresponding to such image forming characteristics
various relation expressions can be considered. For
example, the image forming characteristic can be a

wavefront aberration expressed in a Zernike polynomial.



24 subject pattern can be easily nade. The Zerni ke variation table, which
is made, can also be used in other exposure apparatus that conprises the
sanme type of projection optical system 5 After creating the Zernike
variation table in the manner descri bed above, the program can further mnake
the control conmputer execute a cal cul atil@ procedure in which the targeted
i mge formng characteristic of the projection optical systemis cal cul ated
in response to an 10 input of actual measurenent data of wavefront
aberration of the Rl q{ e.csgi ol_jlnseopttihcealre ystie!l basreed on t heanacbteua}jl

measur ement data and & Z&r i ke Variatd ot abite. S 3H Fudiia Casé! by
further inp I NG r t t Ve e j of

t he project %id%%éﬁ%%;%cﬁwﬁyt%?%&%ﬁ O%uar}l}%u ({5{{ celgs}{aftﬁgj%lér gfent?%d

i mge form ﬁ;%{ i sti { j i ical 1 hase n the
actual dat aq'gend t in?%chr‘hi e&?/é;éfi%éthfeorg{ %a%lcéerh?nrkér%gip%gsce&ét/%ﬁ%h@e mpS(%i?

Accordi ngly, e £ Ve i PUEHd Nt ik @cidndeasur enent data of the wavefront
aberration 20 obtained in at | east one neasurenent, the targeted image

form ng eharact erimsdderdiany e caltuladreddpedtheo CaRut@fesaaurately in a
short period of time. Wth the first program according to the present

i nvention, thevgutogram tdeerd urd herownaked tdre exqiswate e tdonputrerwleixgcut e a

di spl ayi ng procedure in which information on the targeted i mage forn ng
charact eri sta cpatizg rihato et @alxuhasled. s stdhspfeneet omtzo di spl ay unit.

Wth the first programaccording to the present 25 invention, the program
can further $kEtidee coi rolPEVMPRLE N exXeiciial a3y Holust iy Prresdig e in

whi ch the projection optical systemis adjusted so that the targeted inmage
f ormi ng char®&eEeq scf?f&plf%fa%n%hsarbeﬁﬂ@M%&%%ﬁ%e@bﬁ@?@bﬁ%&lei?ﬂbr
exanpl e, the difference between the target, value is mnj mali. Wth the
first prdgrafactbid ngmfrﬁ)“fghec Jéas%ﬁr}r%%?lt?%nt}hwol%%t At geted i mage
formng characteristic.is calculated in addition to the nmpking of the

Zerni ke 10 Va5t briTatfe Tecti PEr Al i Bt anr BT Cher ke

the, control GONPLLEL, EXERUL &0 A IRIA NG ERSECUE Syl €0 e St ke

variation table is nade 1n res o Input o ent ormati on

related to thes proj&cti,on Qﬁ&&ﬁ@' im¥Sd e Anthd NPt r O d PfOr @t i on on the

gi ven 15 aberration, by each different infornmation related to the

adjusting methods; and a transferring process in which

15 the pattern is transferred onto the substrate using the
projection optical system whose image forming
characteristic is adjusted.

In the method, the image forming characteristic of

the projection optical system is adjusted using either

20 the first or the second image forming characteristics
adjusting method of the present invention, and the
pattern of the mask is transferred onto the substrate via
the projection optical system whose image forming
characteristic is adjusted. Therefore, because the

25 pattern of the mask is transferred onto the substrate via
the projection optical system whose image forming
characteristic is adjusted with high precision, it allows

fine patterns to be formed on the substrate with good



projection optical system a calculating procedure in which the targeted

i mge formng characteristic of the projection optical systemis cal cul ated
by each different information related to the projection optical systemin
20 response to input of actual neasurenent data of wavefront aberration of
the projection optical system based on ge actual nmeasurenent data and the
Zerni ke variation table; and a deciding % ocedure in which an optinmum
exposure condition is decided by finding information related to 25 the
projection optical.systemthat nakes the targeted i nage form ng

characteri st Ee?h%io%as been cal cul at ed becone optinmal (for exanple, the

di fference betwee t I 1Nl ol §) hi , the
program can furt hgl%éé;%%{egjgﬁg "‘éo%# E%kfé i%fr%ﬂ% er (geQ(eo u ecéfsa%?%rgajg?ocedur e

0 which th : h . : ‘.
rccording 1o S el B gt e o e HE St o Bty e SR RS £ ovi de

a second progaamst PRy MBKES] 30 £OPLE Obr EQBRUL BRvEXELHLE Bndl P£ESSted e
program rmaki ng" t he control conputer execute: a procedure of calculating a

targeted 5 mageader fbngi £Hacast 8ELSE1 6t OF, af Pf O £EHH DA, OPhé Cahagystem in
response to an 1 nput of information 10 related to the targeted inage

form ng charastethgt thasndtani snput (obe acd ubbn nredlsar epent i cat ar by wavef r ont
aberration of the projection optical system based on the actual

measur enent tafauendea Zeenikegwafoamiong ¢&btkeofubhect apgetedn; nage

form ng characteristic that is 15 prepared in advance. \Wen the programis
instal | ed i nadhestedt 29| meohpas epodsibhe. exipomnd ngppar &V Wien nputting
information related to the targeted image form ng characteristic and the
actual neasuPdReftrdald PPrROrMAdeRFoRT AbBRPhtPBNRICRkh2 BEBFecti on
optical systeminto the_conputer, the conputer calculates the targeted

i mge fdrfri n§3EhGFRct &r fSFR do?siﬁﬁep?B?é tF oRebbeFRal tR§sPahtBaRelSon t he
actual nmeasu enen% datg anq %he Zgr ikg vargation tgb#g of the %argeted
mage for m nGt 355 GRAF Bat 871 50T COPPBPATER T ne alvBRREST hPBSPURSE™ o t he
nput. | n SUGR-8cCaGe, o CPOLEOh  CONBULEL S, of . oL NeLLEXPOSYLE) apparat us t hat
conpri se the sane ypg 0 prOJ%c Ion op |caF system can use e Zerni ke

variation gzr£§éhﬁarmpi@HfhﬁeﬁcégrBhgeiM§5gaE59ﬂiﬁgbbf phethentargeted
i mge formng characteristic that 1s made using the first program of the

present inVeﬁ&E@@rnA@§Oégﬁﬁ§£¥d QB'Mu@M éﬁpﬁbﬁgﬂgléﬂfornation related to
the targeted inage 5 form ng characteristic and the actual neasurenent data
of the vivefront ahetsvatiing obtai pedthnaspeteast BRE present
invention, there is provided a first exposure apparatus
that transfers a pattern formed on a mask onto a
substrate via a projection optical system, the exposure
apparatus comprising: a measuring unit that measures
20 wavefront aberration of the projection optical system,
the measuring unit being at least partly attachable to an
exposure apparatus main body including the projection
optical system; and a first computing unit that
calculates at least one targeted image forming
25 characteristic based on wavefront aberration of the
projection optical system measured by the measuring unit

and a Zernike variation table of the targeted image

forming characteristic.



measurenent, the targeted imge form ng characteristic can be cal cul ated by
the conputer accurately in a short period of tine. In this case, for
exanpl e, the inmage 10 fornmi ng characteristic that greatly affects the inmage
form ng of the subject pattern is preferably chosen as the targeted inage
form ng characteristic. Wth the second ?gogran1accord|ng to the present
invention, the programcan further make the control 15 conputer execute a
di spl ayi ng procedure in which information on the targeted i mage forn ng

g M | : . . Cepl it
characteristic thaEnh@ﬁlQegng?égH%gt?ﬁehstgésﬁ%ggggéﬁgigﬂ?kfﬁgg%ng%;n1can

Wth the second program ac € present i nv

further makehbe ,6QRthoh2Q1eomRULeS, eecUte a0, Adiusting prosedure. in
I ed 50 that e farge eB i mge

whi ch the projection optical systemis adjust

forning charaekeriskiccbhghthag haen eaheuhated @ﬁe0€§§ggeghﬁggagéCCOfding

to a ninth aspect of the present 25 invention, there 1s provi athird

program t hat foekesgaceanrhtekbréenput Baseli 8A exposHleudRPaRalHS Rkt
transfers a pattern of a mask onto a substrate via a projection optical
syst em executbearptedet efnmthedppbgeessont beptical system and the
Zernike variation table of the targeted image forming
characteristic. In this manner, by using the Zernike
variation table, the targeted image forming
characteristic can be calculated with only one
10 measurement of the wavefront aberration. 1In this case,
because the measurement is performed on wavefront
aberration, which is the overall image forming
characteristics of the projection optical system, the
targeted image forming characteristic can be obtained
15 with good accuracy. And, by performing exposure in a
state where the targeted image forming characteristic
obtained with good accuracy becomes optimum (for example,
the difference between the target value is minimal), the
mask pattern can be transferred onto the substrate with
20 good accuracy.

In this case, the first exposure apparatus can
further comprise a storage unit that stores the Zernike
variation table in advance.

With the first exposure apparatus according to the

25 present invention, the Zernike variation table can be a
Zernike variation table of the targeted image forming
characteristic that corresponds to information on a given

aberration on exposure of a subject pattern.



28 program maki ng the control conputer execute: a calculating procedure in
whi ch a targeted adjustnent anmount of the projection optical systemis
calculated in response to an input of actual neasurenent data of image 5
form ng characteristic of the projection optical system using a relation
expression between the actual neasurenenfgdata of image form ng
characteristic that has been input, paraneters, and a targeted adjustnent
anount of the projection optical system the paranmeters denoting 10 a

rel ati on between aﬂw%{@é %)ipgg??g{%f%ﬁ@@s ogéé&g%jtr?%ign%@%m a change

in imge formng characteristics 0 rojection o system Wth

this prOgra”bréQQnPFPﬂééﬂ%léni8§$afﬁggh%ﬂe%&§%899éfOénCPHEH%e&nPé the

exposure apparatus in advance, 15 And, e actual rneasurenent data of

the image fongkagcshanget elhsdica 0ok Ner PEOLEGHE ORyORL | £Rk1 8YSAEM IS i nput,
the control computer of the exposure apparatus calcul ates the targeted

adj ust ment aREOtmasiey dhechel abbpocexpiesston Detyessihe aetumd
measur enent data 20 that has been 1 nput, the paranmeters denoting the

rel ati on Shet veegetbe adagst fentindg therpeorecston, ophifeahasystiem and the
change in the imge form ng characteristics of the projection optica
system and rheatedget ethadpusieentoanophnical $hetenopj @cd i Omf opha chbn
system That 25 is, the operator or the like only has to actually measure
the i mage foPHi ke chaveltapestati¢mberndtd opgcand ¢oprietime weituathat
measur ement val ues of the image form ng characteristic, to calculate the
targeted adj&RFneARd1tdONENHUNPr Lt e PRbF et foRN bt Callaykerentamler der
to correct the i e formng characteristic. Accordingly, for exanple, by
3 SRt FER bBE?

adj usting t hRapF BRFT 95t @0 bag et e hePeat et a?Rd ERF get ed
dj ust t t he 5 i f 1 h teristi f th | ecti

opt 1 cal Syst b S2heBe BIEF | JOGH Gt o5k L hT G pr BOTSI B TH { i tase,
th f h di spl ayi
procedure. i nighy eh P AT 87 At 3 S e L AP ek o Sl (Ko nent SRSURET (HA “has
10 been cal cybaied: i sydispl 280 Ofc Andl SO aYe 1DEL ¥¥t@h%2§i$gﬁrd program

according to the present invention, the programcan furt make t he
control aberration input via the input unit, the second computing
unit makes a Zernike variation table of the targeted
15 image forming characteristic that corresponds to
information on the given aberration on exposure of the
subject pattern.

In this case, the information related to the
projection optical system can include numerical aperture

20 of the projection optical system, illumination condition,
and wavelength of illumination light.

The first exposure apparatus according to the
present invention can further comprise a display unit
which displays information on the targeted image forming

25 characteristic calculated by the first computing unit on
screen.

The first exposure apparatus according to the

present invention can further comprise an image forming



conput er execute an adjusting procedure in which the projection optical
systemis adjusted based on the target 15 adjustnent anount that has been
calculated. Wth the third program according to the present invention, the
parameters can be paraneters denoting a relation between adjustment of a
specific optical element used for adjustyignt that structures the projection
20 optical systemand a change in the inmage form ng characteristics, and
the targeted adjustnent anount can be an anmount of the specific optical

) Suent ot chardacles beiad) uatede ML NuRDE LALECCEROLAD 2000LILDO 0 1N

present 25 invention, e I mage rorm arac eristrc can vef ront

aberration eaﬁée§ﬁ§gelBoemzﬁgnehgrge£¥99§tﬁb ofntﬂ% ¢r8 R ibfe relation
expressi on can be an equation that 1ncludes a wel ght GRCEion t hat

performs  3@pwekght spgtem @a§@§f$hct§ﬂéu9£t§8ﬁ Fesmip gpefficients of
each term of the Zerni ke polynomial. Wth the third program according to

the present tavesté@nimbbe poo@Laq @n@rwtébﬁétﬂaklgytEll@eCPDiré@l 5 conputer
execute: a condition setting procedure in which conditions are set for

nmaki ng a Zer abkpuvangathon.table in response to an input of information
related to information on a subject pattern and an input of information on
a targeted i mage fonnihgschasact ene sprcjeation optical system can be

structured comprising a plurality of optical elements
that include a specific optical element used for
adjustment, and the image forming characteristics

10 correcting unit can have a storage unit in which
parameters are stored in advance that denotes a relation
between adjustment of the specific optical element and a
change in image forming characteristics of the projection
optical system, and a calculation unit that calculates a

15 targeted adjustment amount of the specific optical
element using a relation expression between information
on the image forming characteristic that has been
calculated, the parameters, and a targeted adjustment
amount of the specific optical element.

20 According to a sixth aspect of the present
invention, there is provided a second exposure apparatus
that transfers a pattern formed on a mask onto a
substrate via a projection optical system, the exposure
apparatus comprising: the projection optical system that

25 comprises a plurality of optical elements including a
specific optical element used for adjustment; a storage
unit in which parameters are stored in advance that

denotes a relation between adjustment of the specific



10 maki ng procedure in which a Zerni ke variation table of the targeted

i mge form ng characteristic corresponding to information on aberration is
made, in response to an input of information related to the projection
optical systemand information on a given aberration; and a 15 cal cul ati ng
procedure in which the targeted i mage foygning characteristic is calcul ated
in response to an i nput of actual neasurenent data of wavefront aberration
of the projection optical system based on the neasurenent data and the
Zer ni ke varigtion {abl g,.,29 W hat(mear{% rd, pirnpag{@r?&qﬁq{ ing to the present
i nvention, the program can further ma the control” conputer execute a

di spl ayi ng %g d i i r 1 Q) t targ | form ng
characteri SFcIE ct at&hla%]%%eﬁaﬂéaléﬁjd%tsl% scgr;klgcalyée%(rjl (;eén}g%éd%%ﬁay unit. 25
Wth the thiggh Q0OHAMRCE Ol htnd L5 Mes SR sd R tinye tHQ-RIRPram can
further nmake the control conputer execute a converting procedure in which

i nformati on e eddeskodc1d ght thea giej i @Ctomn et iopdtem, 3ktisystem at one
measurenent point at the least in a field of the projection optical system
IS convebt etheador aod uatitrdasinerentl aedta i rit he aatveefhradnite aberarat i on of
the projection optical system 5 The first, second, and third prograns of

t he present éxpesui®mnmpeEardeustoriod bodw storatieigrediaimr Jwertefor e,
according to a tenth aspect of the present invention, there is provided an
i nformati on @Rbieafe FEdiem tard TarrhrUtexd byl donpuwrakcikatds ¢h any one
of 10 the first, second, and third prograns is recorded. In addition, in a
| i t hogr aphi ctpFIRERD 2By HER By AR fos urke LERGL ofe L1l first and
second exposuLe apparatus according to the present invention, tterns can
be for med wi THEEOHA 7 6o s OFF 10 UBSR TSI L O PRI TH ait G it oduct | on of

highly i d_mi crodev; i th gaod yield. Accordingly, further f
anot her "Bspett=or the praderietvemTon. vhere SRR iR Wi ce "

manuf act uri ]&g?ﬁ%%g@gré haﬁﬂ&ls&s’iQ%‘%%%;%‘%é{.@%ngn%“mn& osur e

apparatus o présent inventi evi ce manufacturing

met hod that includes theipLpcepsnoictransferring a pattern onto a
phot osensitive object using one of the first and second exposure

apparatus). In addif i®hs Wigh rakidg dheaesosdirerappiatisd oy 25
adjusting the projection optical systemusing one of the first and second
i mage form ngdehacactiest siléest adiust tdDa hieddse abdet tihe spdpheatedn opti cal
system has been incorporated into the main body of the exposure apparatus,
32 t he ilvageof oam ag) chiaalate espstiLic obpt hea pro] @cenonampt tloal clsyrsgem can
be adjusted with good accuracy. Accordingly, yet further from another
aspect of thenpieseat fonveny i omaradeeel $ips ovi dte aoneke iyl okt hod of
optical system, and are stored in the storage unit. And,
when the measuring unit actually measures the image
forming characteristic of the projection optical system,
20 the computing unit then calculates the targeted
adjustment amount of the specific optical element using
the relation expression between the actual measurement
data of the image forming characteristic, the above
parameters, and the targeted adjustment amount of the
25 specific optical element. As is described, because the
above parameters are obtained in advance and stored in

the storage unit, when the image forming characteristic

(aberration) is actually measured the targeted adjustment



5 an exposure apparatus that includes the process of adjusting the
projection optical systemusing one of the first and second i nage form ng
characteristics adjusting nmethods. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a schematic view show ng a configuration of an exposure appar at us
according to an enbodi ment of the preseni;invention; Figs. 2A to 2F are
views for explaining a 15 definition of drive directions of novable | enses
or the like that are driven on the making of a data base; Fig. 3 is a

schematic peLgpestye. VheWLolcRe IEASl SUBNN [ELEL etoF! Gur BoL5: 20 VigW

showi ng a sche c Vi éw o CroSs Section rn the vicl f an

optical axisifed g&gﬁgrgl Sf 8 acLERSLE PORDLNTBLI CL Pcl B a'néggigﬂ? areticle

st age, alpng W agram ot a projection optical system _5_i$ a
view show ngaaqssPesashse YhgWw ok agea@fgé 8ﬁ9§§a§e&1ér9@nt”1?£§§dvbﬁ' nity of

a -Y side end portionin a State where a neasurenent reticle 1s nounted on
a reticle stege, cal @ilaM bR PedhgspMRE amPEO] E61HONG OBLL £kt SYSEEE
5 of the projection optical system can be adjusted simply
but with high precision. Accordingly, by performing
exposure using such projection optical system whose image
forming characteristic is adjusted with high precision,
the pattern of the mask can be transferred onto the
10 substrate with good accuracy via the projection optical
system.

In this case, the adjustment based on the above
calculated targeted adjustment amount of the specific
optical element can be performed manually via an operator,

15 or, for example, the second exposure apparatus can
further comprise an image forming characteristics
adjusting unit that adjusts at least one image forming
characteristic of the projection optical system by
adjusting the specific optical element according to the

20 calculated targeted adjustment amount.

With the second exposure apparatus according to the
present invention, the image forming characteristic
subject to adjustment can be one image forming
characteristic, however, the image forming characteristic

25 can include image forming characteristics of a plurality
of types. In the latter case, the measuring unit can
measure image forming characteristics of a plurality of

types of the projection optical system, and the computing



33 Figs. 6A and 6B are views show ng a neasurenent pattern and a reference
pattern fornmed on the neasurenent reticle in this enbodi nent, respectively;
Fig. 7is a flowchart schematically showing a 5 control algorithmof a CPU
of a main controller for neasurenent of an image form ng characteristic and
di splay (simulation); Fig. 8 is a flow chart showing a processing in
subroutine 126 of Fig. 7; 10 Fig. 9A is a view showi ng a reduced i nmage
(latent inage) of the nmeasurenent pattern forned at a predeterm ned spacing

th [ | f fer, and Fig. .9B.is vi ew showi ng_a,_positiona
Cel ation bet teh thE TaPeht= Frugel 81t ed ntddlo Endhl REYERF nOr e BPg. oA 15
and a 'atentsgég@?ﬂefogdséfr PeficRe! Lot A, Ei 9el§’€ib§ gxgﬁgég%&' view
showi ng an exanpl e of portabl e wavefront-aberration neasurrng unit; and
Figs. 11A a“Qe%&@eﬁ“§nV£§M\§a§h@¥‘&£‘Qr@fﬁ@H§_@yﬁgobﬁgtﬁéoli%é‘gé“ ESPhERS array,

in cases where there is no 20 aberration in the optical system and” where
there is abegrath€PeiNstNEsOPEi §ab1SYSL €AY SESPESEE VRLYsuBestHhbdee f or

Carrying out the Invention An enbodi nent of the present invention will be
5 measuring unit, the parameters, and a targeted adjustment
amount of the specific optical element.

With the second exposure apparatus according to the
present invention, the image forming characteristic
subject to adjustment can be image forming

10 characteristics of various types, and corresponding to
such image forming characteristics various relation
expressions can be considered. For example, the image
forming characteristic can be a wavefront aberration
expressed in a Zernike polynomial.

15 In this case, the relation expression can be an
equation that includes a weighting function that performs
weighting on a coefficient of any term in coefficients of
each term of the Zernike polynomial.

According to a seventh aspect of the present

20 invention, there is provided a first program that makes a
control computer of an exposure apparatus that transfers
a pattern of a mask onto a substrate via a projection
optical system execute a predetermined process, the
program making the control computer execute: a condition

25 setting procedure in which conditions are set for making
a Zernike variation table in response to an input of
information related to information on a subject pattern

and information on a targeted image forming



25 described below with reference to Figs. 1 to 9B. Fig. 1 shows an entire
structure of an exposure apparatus 10 according to an enbodi nent of the
present invention. Exposure apparatus 10 is a reduction 34 projection
exposure apparatus based on a step-and-repeat nethod, or a so-called
stepper, which uses a pul se-1|aser Iightzgpurce as an exposure |ight source
(hereinafter, called a "light source"). Exposure apparatus 10 conpri ses:
an illumnation system nade up of a |ight source 16 and an illum nation

optical Vol SMAR ALELIEl oM A0S IR EaRYES RS Rk Al asadol o o

um nat e exposure

il lTum nati onvéie%y%igﬁ_ é@of@rc\’f n&l@%%{b%& gymg)%@r@&gm%he illum nation

systenm a proj on optical system ch projects exposure illum nation

light EL eméﬂgpa&!@mg@iécé&r&g&@dﬁ;w@riwéﬂﬁbﬁf@niéwgg:i\pé@ne) serving
as a substrate; a wafer stage WST serving as a substrate stage on which a

Z-tilt 15 stagerpScion oWl sipgswod esf Whe smsHd €d; paige on coNtiide sysd em for
controlling the above parts. Light source 16 1s a pulse-ultraviolet |ight
source that esgpongpell e dn ghiplave Hgiwf sevet engt felatédiecvachwinul travi ol et
range, such as an F2 |aser (a wavel ength of 20 157nn) or an ArF |l aser (a
wavel engt h gbrdP8aton Abpeioat | vedtyem | agdht i shHorrecet 1én ety tiee agiveht source
that emts pulse |ight having a wavelength in the farultraviolet or

ul traviol et aladgeasieh. as a KrF excinmer |aser (a wavel ength of 248nm). 25
In actual, light source 16 is arranged in a service roomthat has a | ow
degree of cleanlin#en 9 ferentan rbin etk oo Wereent thanber 11 is

arranged. In chanber 11, an exposure apparat us nain,bod% | s housed that is
35 made up ofOPRFERT SRENTRR TEPPBUES eMNRRR SUDf Y| LMPWEETSR optical system

12, reticle stage RST, projection optjical, system PL nd fer stage WBT,
and Iigﬁﬁ soh?ggrﬁg%fgnc%%n%%?eﬁg?ﬁ %Ea%%%?gﬁﬂ e EPF#EW%%%?%nsnitting
optical 5 SyféfQ’EéQO%os 193‘“%511: Q?e&l%égér§8§ﬂﬁél A é’%{&é‘lsﬁ’étfﬁn
includes at Teast an oplical axiS adjusting optical SystemcalTed a
beam mat chi ”Qhé'”{:émlté‘ﬁté‘rﬁaéﬁél’{?i&z §é(§£§ﬁ'3[; f’t?r'xﬂé}‘?{fi‘ lacpnErokler of the
apparatus controls e on/off of the output of |aser beam LB, the energy of
variation table is performed by the computer in response
to the input. Next, by inputting information related to
15 the projection optical system and information on a given
aberration into the computer that has completed such
condition setting, the computer makes a Zernike variation
table of the targeted image forming characteristic that
corresponds to the information on the given aberration on
20 exposure of the subject pattern in response to the input.
That is, by only inputting minimal information necessary
for making the Zernike variation table into the computer,
such as information on the subject pattern, information
related to the targeted image forming characteristic,
25 information related to the projection optical system, and
information on the given aberration, a Zernike variation

table of the targeted image forming characteristic that

corresponds to the given aberration on exposure of a



10 | aser beam LB per pul se, oscillation frequency (repetition frequency),
the center wavel ength and half band width in spectrum (w dth of the

wavel ength range) and the |ike of light source 16, according to control
information TS froma main controller 50. 15 Illum nation optical system 12
conprises: a beam shaping illum nance unjformty optical system 20 which

i ncludes parts such as a cylinder |ens, & beam expander (none are shown),
an optical integrator (honobgenizer) 22; an illum nation system aperture

stop plate 24; Lr el L ens_28A; a_ seco reJ ay J.ens 28B; .a
reticle blin ugg;eé{é %PFZ%PE I\/F%)c{)rb%leé?se%:fy nndaﬁ?lé ggle. ?&ﬁlynplaﬁ%;vaa“@otﬁc?éhser

| ens 32, and i ke ; ti I t Y- I od

i nt egrator (F%?g?ha ﬁ%%ﬁfé%?ﬁ%ﬁgtyggﬁi%?%g?%§o€§e§rig %?%%?a%??%%g%%tical
25 elenment c d | di pEen [ | y= is used as
opti cal inte%?%?g?ggg,t?%em%?$§ﬁg§§§f%$§e%aT% ggﬁ??3fe%£8¥§%£f

herei nafter.oBeasashapsngmi | | um nance uniformty optical system 36 20 is
connected to the light transmtting optical system (not shown), via a |ight
transm ssi on wi ndomf 44 r pe ova €ty othé hee ehakdeva dlat1én shapes ihecgs oss
section of laser beam LB, which is emtted fromlight source 16 and enters
5 beam shapi ngnnét udesantieednalbova) t yhopproqtasysientf20tvéa hakdtthe

transm ssion wi ndow 17, using parts such as the cylinder |ens and beam
expander. Flgoryeol epempetén ¢heceketa s¢gbcoiabeag shapedgre | {nnimaice
uniformty optical system20 fornms a surface |ight source (a secondary

| i ght 10 soukke)tapmfendi snadadel apnbhy acharget athdetcodtpbhat |ight sources
on the focal Elane pn the exit side arranged so that it substantially

coi nci des wi PROIREEHOPI PPpEaRE BYSEERUHT nGR I OR dpEH chl E§3PRAFA2EOWRh t he
| aser beamthat has_its crgss section sh&ged, %n ordgr to %g illum nate
reticle R wi tHPGhi $Er AP LT RARCESTRFRE r fBEE i Oh. "IRRIFAREr2BREH PR t ed
fromthe secopd |.gk urce i s hereinafter referred to as "i|lumnation
FR et i a SR ISt R AR A T S e SRR
fly-eve | ensnédoubLhupt Al ona sySLAM ADBLLLL ey 5f OB PLAT E230, cOnslidyihed by
a disk-like nenber 1Is dlspose%. And, on iTTumnation sys?en1aper ure stop
plate 24, fox ex38pley 2AreREF! UhEuEE DRy (£ROVEDL: ODahe SLOPIMELPSIAL Mt €d DY
a circular opening, an aperture stop (a small a stop) 25 for nmaking
coherence factowafesmoht abéehatsogonstthalt BeoDycBi SHBbbL 1 EAT C&Y SEeRPENi N,

aring-like aperture stop (annular stop) for formng a ring of 1llumnation
i ght, da%d athedcémedtapecélcelstop tloe tadyéted 1hmbgei fathbng 37
characteristic of the projection optical system based on
the actual data and the Zernike variation table in
response to the input. Accordingly, only by inputting the
actual measurement data of the wavefront aberration
20 obtained in at least one measurement, the targeted image
forming characteristic can be calculated by the computer
accurately in a short period of time.
With the first program according to the present
invention, the program can further make the control
25 computer execute a displaying procedure in which
information on the targeted image forming characteristic

that has been calculated is displayed on a display unit.

With the first program according to the present



conposed of a plurality of openings disposed in an eccentric arrangenent
are arranged at a substantially equal angle (only two types of aperture
stops are shown in Fig. 1). Illumnation system aperture stop plate 24 is 5
constructed and arranged to be rotated by a driving unit 40, for exanple a
nmotor, controlled by main controller 50,% nd one of the aperture stops is

selectively set to be on the optical path of the illumnation |light EL, so
t hat the shape of the illum nant surface in Koehler 10 iIIunination
descri bed | ater Ilnlted to a rlngan Clr Iar flrcle f our

eyes or the Jrﬂ?en At e eo?ro%ral n con‘%l nat?%nm%\n?hthe ert ]éostop pl ate
24, for exan@&fE%ag OPLLERL Ul LaGPUBEL 51 N9 Aok oSt gng. oy a plural i ty of

diffracting o enent s vab rism(conical prism polyhedron

prism etc.) %@ﬁé@tﬂ@ﬂeé a8l ong theroptisalqfxise@fsthendd I ygination optica
system and a zoon1opt|cal system can be arranged in between |ight source

16 and opti cahrioteqr ahofe 280 riiilg bynhgharet pgst he tmiensas yosestribution of
the 20 illum nation light on the incident surface when the opti cal
integrat 22aisubdatéy-bByeohedseopbiméhe(fangexatpliaci teatdangeeewtet he
illumnation light to the incident surface when the optical integrator 22
is an internaétsechatkeereftgeti valtypesimiegnatpr, |ight anount 25
distribution (the size and shape of the secondary illum nant) of the

illum nation |ightWobhttlee plipr$t ppamerat ahecrding patilon ppeseat system
or in other words, the loss of light due to the change of conditions for
38 iIIuninatiﬁ@eﬁéipe}eWF?niEhﬁrbﬁéggb$9 s0ppe e5eEWINg nchgBretohisthCt he
enbodi nment pluralit ght ' source inmages (virtual |mages). forned by
t he |nternall§u??é€61?é??e%?l%ﬂd%§b%n|E?eb?%t%?k?%ga?got?%f $¥ed<¢0 as the
5 secon &y the o um nation ht EL

o Lo on Y e aniRt: Fom Sher anr D %?tﬁ?aggtobhﬁ|éf%9§am g@?erg§9%%f.ca|
systemis arpapgedLhat s mmoc,up.of Lheclirst.relay,bens 284, and, (he

second rel ay ens spos

Reticle b"”9%§$h'§h9'§89ﬁ§9e°9?§19£§8§ EgﬂlggﬂéemSQetTﬁ Péé#@ﬁgesyéface of

reticle R an ornms a rectangular opening to set a rectangu

i 11um nation;apea LARGQRrEBEAE! @nBorﬁthlBhsr€§§@edatgoﬂﬁ@lErQ#é@gl&hat has
a variabl e opening shape 15 is used as reticle blind 30, and the opening is

set by main gpdtiegll eysbOmbasadiapubl badisebtnagibnf enmahtonivehi ch is al so
call ed masking information. On the optical path of the illumnation |ight

EL afterl® heaseepadioe| apyl eash28Bf fakeng iupfoheat ebayr2Davpdi cal tsystem
deflecting mirror Mis disposed for reflecting illumnation |ight EL having
passed t hroughofhetsesondtiehdysiyehsm288 tahandatengcpeo®eddnd, ion t he
optical path of illumnation Ilight EL after mrror M condenser lens 32 is
di sposed. 25Whiachhehst FaggaEeddesesebéarabbdechahectaeidehe shrthee of
fly-eye lens 22, the plane on_which the reticle blind 30 is dlsgosed and
the pattern BGPISEEIBR PRELERL RVBFEMSLP 6t FeARF§dchY) Bgakedtd BRent

anot her, information related to the projection optical system in

20 response to input of actual measurement data of wavefront
aberration of the projection optical system, based on the
actual measurement data and the Zernike variation table;
and a declding procedure in which an optimum exposure
condition is decided by finding information related to

25 the projection optical system that makes the targeted
image forming characteristic that has been calculated
become optimal (for example, the difference between the

target value is minimal).



39 whereas the |light source surface forned on the focal plane on the exit
side of fly-eye lens 22 (the pupil plane of the illum nation opti cal
systen) and the Fourier transform plane of projection optical system PL
(the exit 5 pupil plane) are set optically conjugate to each other, so as
to forma Koehler illum nation system T@g operation of illumnation
optical system 12 that has the structure described above will be briefly
descri bed bel ow. Laser beam LB emitted in pulse from10 light source 16
enters beam shaping_ il |l um nance nlfor optic sten120 whi ch shapes
t he cross section g? ?%% beant / Tﬁh z%%%engé t%?% @ %@ ms 22, and

the Secondargaétgqg @@Mé&€?%se£8£”P9 Q”séﬁfléﬁ §%$ % OPntﬁﬁlgﬁ'Ehé'de of

fly-eye | ens uft nat 1 on ITg From Yt he secondary

| i ght source,passes éQéQHQPeOESnQIt%BE BREELHEE Eé@QSdQ ihddumination

system aperture stop plate 24, it then passes through the rectangul ar

aperture of the reAéééﬁdbhgnQo3QnVé@gﬁ@@ dspstt r&f ayhd epse 84 and then 20
passes through second relay |ens 28B and is deflected vertically downward

by mrrors Midhentiah} ethpassi 8optbrodgh gosdesserptensamd2ihat | makaati on
light EL illum nates the rectangular illumnation area AR on reticle R
hel d on retigl eostage Kifpwtéh erefoten 25protass panoce. pOograthicdkisgage
RST, reticle Ris nounted and held by electrostatic chucking (or by vacuum
chucki ng) orthéecbnkeol notmghoan) ex®etiet easpagece®STei gf stalictlaeingo t hat
40 it can be finely driven (and rotated) on a horizontal plane (an XY
pl ane) by a drfaragtegsivavenberyhognyharachegdiston, ofetiereletbgen RST can
be noved in the Y-axis direction within a predeterm ned stroke range (of
around 5 theOPEh@?% 6YSF%WiéPerﬁ§p0¢ﬁ% pOsPRi YPPBE PEtiRferBehyR RST is
measur e osi tion detector a as a_reticle Jaser _interferoneter, at
o]

a resol on 8 atedr CaxhRpI B2r8eESE oL PARE gﬂﬁmfﬁg ﬁ%ﬁﬁﬁ?ﬁﬁﬁh?t?%sﬁP s are
supplied to Qg'lna Qtrglle£ug9 m%gswhéﬁé gmﬂg§ Awiy %rgﬁg R depends on
sé

the |ight solrce NBY & partlcu ar exciner |aser or KrF

exci mer 'aseébé§ §§9naéftpﬁu0¢ g g@ﬂége 8§¥8£Pe£9§ QMarééseél yerLde

crystal such uorlte ope artz or t e [ike can e used,
whereas, 15 E@@Ga@nmggshﬁéﬁént5dH§§da§§ éhgekhgﬁé sQuLgeiohheapRLteskal used

for retlcle R needs to be fluoride crystal such as fluorite, fluorine-doped
quartz or thenki k8rgeted image forming characteristic that is
15 prepared in advance.

When the program is installed in the control
computer of the exposure apparatus, by inputting
information related to the targeted image forming
characteristic and the actual measurement data of

20 wavefront aberration of the projection optical system
into the computer, the computer calculates the targeted
image forming characteristic of the projection optical
system based on the actual measurement data and the
Zernike variation table of the targeted image forming

25 characteristic prepared in advance in response to the
input. In such a case, control computers of other

exposure apparatus that comprise the same type of

projection optical system can use the Zernike variation



Projection optical systemPL is, for exanple, a reducing systemthat is
doubl e telecentric, and the 20 projection magnification of projection
optical systemPL is, e.qg., 1/4, 1/5 or 1/6. Therefore, when illum nation
area AR on reticle Ris illumnated with illum nation light EL in the
manner descri bed above, the inmge of thq?pattern formed on reticle Ris
reduced by the above 25 projection magnification via projection optical
system PL, and then is projected and transferred onto a rectangular area | A

T na- . . -
(normal l'y COtQGiQ?SwNﬂéﬁ)IgeaS?@fnfﬁgaaaPfa@@éﬁrt%gfga5fd£%%f{%fgéf@éSt

(photosensitive natertal). 41 Projection optical system S dioptric
system conposeeyONtyrRing Phirabidyi of iceffact{ 00,00 1 68l ng! @nent 5. &{ enses)
13, such as around 10 to 20, as is shown in Fig. 2. O the plurality of

| enses 13 TOGr&p Sf PEE estd o8nOPihEaht Sy¥st emPAord 1y, alddly ¢fy | enses
131, 132, gg%,@%34 (in thigﬁcase, for the sake of sinﬁﬁ%gfty,]¥%e9% are
four |l ens devhsesiing iheoohheldinprtangtsd deo (tiedi €degdk &d depags e novabl e

| enses, which can be driven externally by an inage form ng characteristics
correcti én 1forwitgotharad8eriensc hahdetise (ot ushaw) shoérdehensesa 184, 132
134, respectively, and these | ens holders are supported in the

gravit ati onatheli vace f oantat alpdir eet poi nest dyneldi i ngt dewdsesoseich as pi ezo

el ements (not shown). And, by independently adjusting the applied voltage
to 15 the drioRPgreeeitestheheargpsed 1m3ge 189rming eharapeteshisted in a
Z-axis direction, which is the optical axis direction of projection optical
system PL, ah@"clf oRlartIeRd (Y| ERe) CPAPACSY r2EEFBRESEY i hRI § n3kPBh

relative to the, X ghage %thg{ i.,5,, a rotational dir%Ftigﬂggnound t he 20
X-axi s and aPTbt@tiBhat iFrectt on'dr SUHRF 1 e Ty-HA"E)~ S dit3%nh, a lens
holder (ot shownloholds.Lens; 133, and. on the, periphery pf.the,Lens holder,
driving "devi ces SUgh~as pirezo elements are dr sposed a% a subs a%?lally

equal angl e gyl gxamples, 90 degreese e, apposi pgy iy g, 25, devi ces

are paired, an applied vottage to each pa Is ad)usted so that |ens

133 can be Sﬁhét@Qrg&@g&”?ﬂ§ggné$kﬂi£@ therXYcplapeic!n this enbodi ment,
| enses 131, 132, 133, and | 39 each structure a specific optical 42

el ement for adj ustmm.tﬁ@egéémd(&@i&@aémeé@@@f@m@r@orvmeI@mé@@ltto | enses
| 31, 132, 133, 134, and may include | enses disposed near the pupil plane or

t he i mage pl aneenfipnpj ekéi pnogpamcabnsystenePlnake ane abentadion 5
correcting plate (optical plate) for correcting the aberration of
proj ectilon optipatesyskremupPt, aedpeplialingt heopeduret anienathsymetric
conponent. Furthernore, the degree of freedom (the nunber of novable
directions) dRfprBaSpeti PRcthbptFerpebednbhagei SORBINY| ahakactoriwblior
that has been calculated is displayed on a display unit.
With the second program according to the present
invention, the program can further make the control
20 computer execute an adjusting procedure in which the
projection optical system is adjusted so that the
targeted image forming characteristic that has been
calculated becomes optimal.
According to a ninth aspect of the present
25 invention, there is provided a third program that makes a
control computer of an exposure apparatus that transfers

a pattern of a mask onto a substrate via a projection

optical system execute a predetermined process, the




10 three, but may be one or four and over. In addition, an aperture stop 15
is provided near the pupil plane of projection optical systemPL, and the
nunerical aperture (N. A) of aperture stop 15 is variable continuously in
a predeterm ned range. As aperture stop 15 15, for exanple, a so-called
iris aperture stop is used, and main conjgoller 50 controls aperture stop
15. When an ArF exciner |aser or KrF excimer laser is used as the
illumnation light EL, the material for each of the lens elenents used in
the projecti i S e n het artz, however, when
an F2 | aser ?goﬁgéﬁ?ﬁ%ﬁgg%aggéig}g%¥8?h%gf%%g§é %%%%ug€l %as to be fluoride

crystal suchcaschisoihyeprOEebhborineydoprds quarsc£&f £5% edehonear!ier.
Waf er stage WBT is struc%ured freely drivable on” 25 the XY two-di nmensi onal

pl ane by a waheétinstagetdéi yrogePOLEh0BpBEcaANgdy¥aéeriWis1 bel dcoa anZ-tilt
stage 58 nmounted on wafer stage WST by el ectrostatic chucking, vacuum
chucki ng or taspbnke, tvi anaimpfierohohdenal neéasuASnehoWidta Zotilhagéage 58
adj usts the position of wafer Win the Z-direction (focus position) and the
angl e of 5 ncfonatnonchéraaterisinetdf relspeptofoct hen X¥pplaak. syataddi tion,
the X- and Y-positions_and rotation (including 5 yaw ng, pitching and

rol ling) of Waied &tageaismmiexprasstied hetheanwalterattigset interferometer
54Wexternal ly di sposed via a novable mrror 52W which is fixed on Ztilt
stage 58. TheeataseRenentiabal @bsiBriqaferniageeha ntekeet obbt ckhsa\ias e
supplied to pain controller 50, 10 In addition, a reference mark plate FM
on whi ch ref BF8RCEHEF ksPRERACH.T§hodRdf Br tpRERL £H nedigaktiphedtodre for ned
is fixed on Z-t%ﬁt stage §8 SO t@at ihe surfacehof reference nmark plate FM
i s substantiafl J'tHRTSAREChRT gAP T ES T heY SETPackR D PHAFET TRy S 18SRAC 12
exposur ppar 10 i i alth pf.1s, omt . 1n, the
dramﬁnggfﬁa %a?%E%F}ggt?%fgg%ﬁrgﬁﬁ%ﬁﬁﬂ%?gr%Ecggggp%é]%?%%?%e%ggb%%% reticle
R each CQnSE¥EHéﬁdaQ& & JHE&&JhiﬁugﬂaJQefg@ﬁiﬁ%e&h§£é898F9£t99£'ﬁ?'
system Wth this system the exposure wavelength 20 is used to observe a
reticle marktBeoprégbéelonFophdealreferaence nmark on the reference mark
plate at the sanme tine, via projection optical systemPL. As such reticle
al i gnment mi cr oscopesh th £§ OSESPESm | hetie howeg Pasi 1% | BisSiTUEd U@ {1t he
ones disclosed in, for exanple, Japanese 25 Patent Application Laid-Open
No. 07-176468canhdol heomputespofiding &kiSoskat emppdNoatds 646, 4d3anéee used. As
|l ong as the national |aws in designated states or elected states, to which
thi s intlér nabindnavhapptheastonal smeagdrapeht edatderfri thet hreagbove

di scl osures are incorporated herein by reference.
forming characteristic of the projection optical system

is input, the control computer of the exposure apparatus
calculates the targeted adjustment amount using the
relation expression between the actual measurement data

20  that has been input, the parameters denoting the relation
between the adjustment of the projection optical system
and the change in the image forming characteristics of
the projection optical system, and the targeted
adjustment amount of the projection optical system. That

25 is, the operator or the like only has to actually measure
the image forming characteristic (aberration) and input
the actual measurement values of the image forming

characteristic, to calculate the targeted adjustment




In addition, in the enbodi nent, although it is omtted in the draw ngs, the
position of wafer Win the 5 Z-direction is neasured with a focus detection
sensor constituted by a nmultiple focal point position detection system

whi ch details are disclosed in, for exanple, Japanese Patent Application

Lai d- Open No. 06-283403 and its correspojyling U S. Patent No. 5,448, 332.
The output 10 of this focus sensor is supplied to main controller 50, which
performs so-called focus-leveling by controlling Ztilt stage 58. As |long as
t he nati onal [ ' e e tate ich this
internati ona‘ilril app |£%?@?$\%§%ﬁ)ﬁ%ﬁjé%€%n% ,%%@b%&/e&d?és%%@ur es are 15
i ncor porate i r t ig t based on
an of faxis ?rcet oﬁé?s@{ﬁ oﬁ%ﬁ%ﬁ?fﬁoﬁ%ﬁﬂ%&%é z\lr(}?:;&ggg% fl%pmr oj ection
optical systesm F’éxart%lé,uon%r 3B $Yed Mg faie 8RR & 1 éh BoE RSLOPS Hfe@n FIA
(Field Image Alignnent) 20 system based on an i mage-processing nethod is
used. In thisasystem thOrcLXANMd €=d at Hf @akhangd fled e 0 aieaim | hate does not
expose the resist on the wafer is irradiated on a target mark, an inage of
the targeét nbmkgd of overaioy ¢ eer o oiket Betd Ontisargacie dyidmeoptefdLect i on
light fromthe 25 target mark and an index inage are picked up with a

pi ckup devi cey§serchcas ke GED) | L wmnd} et ¢dmgi nigh shigytal srec s oen put . And,
based on the output of the alignnent system the position of the reference
mar ks on referencelheflkis @Bl dilee VIRl GnBhtt el K3 loh e waf er can
be measured in the XY two-diner_sional directions. In the control systemin
Fig. 1, mai nCedhEPbl FRARPGELH| RCH IR el hsh B Bl NP FPMEFDI 1 rWISch s made

f 5 so-called kst at | ' t i Si CPU
(Bont 1ol Pr oLBERHGE LR 190 HeR (HEHRE TN FIUERIIS)® RAMRT Roitm Db ess
Me , the |ik d trol | 1 ti h t he st [
of va b5t dieeet e fRtson SPLTR LA 11 RO (Thny S0 that T
10 t ' . i1 inth
erbodi meni Tor oxinare s PRSI ARAY AN o B Bt e ' 20 Thput

unit 45 corrpimwgi@nkeyh@@fr@lg@m GaROk Rt Ny dRYLL € S4ICHL 35, G MDUSE, 2
di splay unit 44 such as a display or liquid 15 crystal display, and a

drive unit 46ombih€dri Sxddutdf of NBd1 @8k 1:0€ 0p b g IRl Lim it asn £D- ROM
DVD-ROM M), or FD are externally connected to main controller 50. In the
i nformati on peepedt hgn nept Uoa 1 heyetaaf L eradesstédash asd G ROM foargde sake
of convenience) set in drive unit 20 46, a conversion program (a first
programl5 a seétostnenogamounta that dhaps dgeam cahcdutated associ ated with the
second programare stored. In this case, the first programis a conversion
program for conver¥ity fposithbrdl poeysani oneonbbsured Use ngresersasur enment
reticle RT, which 25 will be described later, into coefficients of each
termof the ZRYRMKkECPO! YRONPATAMEHRr S cedNADrRYFARTTIL 2 PROYF B fdTr

comput i ng  he_adl ust ient amount Of  Lhe. | 1pgE LQL po. ofial Al Tl pLL S pased

used for adjustment that structures the projection
20 optical system and a change in the image forming
characteristics, and the targeted adjustment amount can
be an amount of the specific optical element that needs
to be adjusted.
With the third program according to the present
25 invention, the image forming characteristic can be a
wavefront aberration expressed in a Zernike polynomial.
In this case, the relation expression can be an

equation that includes a weighting function that performs



46 of each termof the Zerni ke polynomal, and the third programis a
program for converting the obtai ned coefficients of each termof the
Zerni ke polynomial into various image form ng characteristics (including
index 5 values of the imge form ng characteristics). Next, the above

dat abase wi || be described. The databaseygontains numerical data of
paraneters for calculating an image formng characteristic, in this case, a
targeted drive amount (targeted adjustment anmount) of 10 novabl e | enses
131, 132, | 33 ; 306 453406 el eroeple ] 01 €8¢ | bLTans 0 LRRL LA NSy L FROE: 01 08
characteristic s adjusted according to the 1nput of nmeasurenent results of

the wavefront,aberLati 9p. cHbezdat abasg, conshsis, of a group of data on a
vari ation amount of the inmage form ng 15 characteristic, which are obtai ned

as sinmulation resufish ©fid AWLEL | pr &g PARISEESFANRE 05 dEke JhEsShthul ati on
performed uses a nodel substantially equivalent to projection optical

system PL, angvektabns €iaéappdghaw the fakgeef onakagtedbacact £651Stic
corresponding to a plurality 20 of measurenment points within the field of
proj ecti &n opdmcatesyskennBh: changed ivhesn nosabl g | enesesddsd, id32hidiB3, and
134 are driven by a unit adjustnent quantity in directions of each degree
of freedom (covabteondsrecei sas) fonrmabirg spete fnthd | yar bbt dmst aavef r ont
data, that is, 25 data on how the coefficients of the second termthrough
the 37th teraRofeshengerbd kan ponpwbnehl iehanpetiNexrelawed pk@cedure of
generating the database will be briefly described. First of all, design
val ues of  47IPFBREEPT o opt Pl esh sPeht PER (ARfe? T calPabePfure N A,
coherence factor a, wavelength, data of each_|lenses or the Iike%.a[e i nput
into a conput® OE@%Hl?BrO?hg SRRAeREf ofmamer EOTPLRY £ FRabpEF R SEbFi vdre i s
i nstall QI 5 Tgen data qn_a first.nﬁasu engn%epgint éig t@is casg, a
positio cord b%%d?ﬁac? “ah h?bV?}% yaplﬁﬁof po%F%? n°df %%5%u? ment
reticle RT, I.C j e. ri ] at .1 hi j jection
opti cal. syst e praLoetelntHEaE FREALLE FhAMLLALDSLDE Lo BBl T o

uni t quantity,of,EBenaPYaR! 6nl £8885at Dofli 18CHLQDS O £aSHoHEgres of freedom
(novabl e directions) is input. However, before the input, conditions that

are a prerequhgiiteckointhemhbpoh Welhtbg €eSerhébpdohetoven 16pMELL
particularly, for novable | enses |31, 132, and 134, directions in which
each of the spyabheah&nsgsoi@adlieén on a given aberration; and a

15 calculating procedure in which the targeted image forming
characteristic is calculated in response to an input of
actual measurement data of wavefront aberration of the
projection optical system, based on the measurement data
and the Zernike variation table.

20 With the third program according to the present
invention, the program can further make the control
computer execute a displaying procedure in which
information on the targeted image forming characteristic
that has been calculated is displayed on a display unit.

25 With the third program according to the present
invention, the program can further make the control

computer execute a converting procedure in which

information obtained on light via the projection optical



rotated around the X-axis and Y-axis are to be the positive directions of a
Y-direction tilt and an Xdirection tilt, as is shown by the arrows in Figs.
2A and 20 2B, and the unit tilt amount is to be 0.1 degrees. In addition,
when each of the novable |lenses 13 are shifted in the +Z direction as is
shown in Fig. 2C, the +Z direction is to _be the positive direction of the
Zdirection shift, and the unit shift amotht is to be 100 25 Vim In
addition, for novable lens 133, when it is shifted in the +X direction as
is shown in Figs. 2D and 2E, this direction is to be the + (positive)
direction of SYSUgtde 00 PRRTVOMYH fROLMhetleddhawnkdrst ix ahifekd in the
+Y direction, thés directionis tp be the + (fositive) direction of the
Y-direction Shithe BRI TR oMiPEHFRL SNDLAR 1S T HRI U 1S agidiak or
exanpl e, when instructions to tilt movable lens 131 in the pasitive
direction of ¥R Y et oh ?’%Itfh%yw?‘ﬁ% T aa%%ﬁf"i‘ttjyo’? Linptt, the
simul ati on g?gﬁgé§¢i8§|§g¢fégﬁ éhgbggnunt of deviation of a first wavefront
ve At A TiTs

froman ide ront neasurenent point set 10 in advance
within the field of,prejection optdcal,syistem R xghml vari ation of
the coefficients 8# eac% térnl(e.g.’tlé se@bmﬂéﬁﬁ%ﬁ%ﬁ%ough the 37th term

of the Zernikespohynomd&ht i Jhecsatise ofcdhey var i atd@h-d ge ShOM,EN the
di splay, while also being stored in nenory as 15 paraneter PARA1P1l. Next,

when i nstructhenstédeefiitcopyaby ecd enstdddh i dspdrer positiy g idaetion of the
X-direction tilt by the unit quantity is input, the sinulation conputer

cal cul at es thevemolat, of heleyi a8 i prowided s ondf yewvet 1omts2drdgoOm t he i deal
wavefront at the first measurenment point, for exanple, variation of the
coef fi ci ent snedithetadbovean drersredd tihe Zeromet ol ymorh ath amd et aoOn t he
variation are shown on the display, while also being stored in nenory as
par anet é0 PARM P16, Neseondheand nsh ¥ tpovsramns sk freemnddbie | ens 131 in
the positive direction of the Z-direction shift by the unit quantity is

i nput, the sinul atiHrP¢dhptRer Taldul BRIt e W e ofP¥ third
wavefront fromtihe ., 49 ideal wavefront at %he first measurenent point, for

exanpl e, varPaf QLRI t FrEPTIRFT i &F EMY OBF Phet MoV erdnd i Zer ni ke
polynom al, and data on the variation. are shq¥n on the mf¥%£¥E whil e al so

bei ng st or ed® TRC FeHDr JPB 530 har ARet et BARK P S et € ot Fach

reasur STent AL A OMATBSALOSATRISN SIEGL IRLIL LR Ui L EAR e
time ingtsruchhpRs &1 EodOPMod@Et{Be Jr dIQCt) Ohtegrated microdevices
with good yield. Accordingly, further from another aspect
of the present invention, there is provided a device
manufacturing method that uses one of the first and
second exposure apparatus of the present invention (that
20 1is, a device manufacturing method that includes the
process of transferring a pattern onto a photosensitive
object using one of the first and second exposure
apparatus).
In addition, when making the exposure apparatus, by
25 adjusting the projection optical system using one of the
first and second image forming characteristics adjusting

method after the projection optical system has been

incorporated into the main body of the exposure apparatus,



10 tilt, the X-direction tilt, and the Z-direction shift of novable |ens

| 31, the simulation conputer calculates the data of the first, second, and
third wavefront in each neasurenent point, such as variation of the
coefficients of the above terns of the Zerni ke polynom al, and data on 15
each variation are shown on the display, while also being stored in nenory
as paraneters PARALP2, PARA2PZ, PARA3P2,3% hr ough PARAI Pn, PARA2Pn, PARA3PnN.
Al so for the other novable | enses 132, 133, and 134, in the same procedure
as is described above, input for 20 each neasurenent point is performed and
i nstructi onsth® elhagitE I ERing | AR Fovabl el derffest ISR TAEE LM 139 in the

+ direction only by the unit quantity in directions, of each degree of
freedom Anoof?frg‘?aegpwge‘?m t P g?%ﬁ%f‘f%ﬁ?‘ﬁd’fﬂptﬁ? GBI FTHRELY 1 he wavef ront
data for ea of the 25 first_thr.ough. nth nmeasurenent points . when novabl e
onaes a5 AePrdff Vel o T i SoeHSS ket A
directions of each degree of freedom. suc S, varij i,on of the coefficients
of the abov§¥%$en%to rg\f%net]fer}’niihee egosﬁg)]{]%/‘ﬁlodne?aglgfq%a{n}? npgarnéen% oe&ro( ARA4PL,

PARASPL, 5PAR§§PJX%%S%S 1oy PARIELEL ( FARMBR, A;%%%g%%dmmw&

PARATP2) .90 S paranet er ( PARAGPN,  PARASPN, °% . PARANPN)

are stored iQq{BIPO{Yy diepréada: On oplidcd X & o oh e ddedold owing
expression (1) is stored in the CD as t he ‘above dat abase. The data of

matrix 0 i s £0APOSEEd 0fe EOMANMMAFE I f SE61 1y et OF £t FARALRIs U 1105 PARANTPN,
whi ch consi sts of variations of the coefficients of the above ternms of the
Zer ni ke pol yneriradls. | n the 10 enbodi nent, because there are three novable
| enses that can be noved in directions of three degrees of freedom and one
novabl e | ens that can be noved in directions of two degrees of freedom m
=3x3+2x1=11. O= PARA1P1 PARA2P1 A PARA1P2 PARA2P2 A M M
10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic view showing a configuration
of an exposure apparatus according to an embodiment of
the present invention;
Figs. 2A to 2F are views for explaining a
15 definition of drive directions of movable lenses or the
like that are driven on the making of a data base;
Fig. 3 is a schematic perspective view of a
measurement reticle;
Fig. 4 is a view showing a schematic view of an XZ
20 cross section in the vicinity of an optical axis in a
state where a measurement reticle is mounted on a reticle
stage, along with a diagram of a projection optical
system;
Fig. 5 i1s a view showing a schematic view of an XZ
25 cross section in the vicinity of a -Y side end portion in
a state where a measurement reticle is mounted on a

reticle stage, along with a diagram of a projection

optical system;



M M PARAI Pn PARA2Pn A A PARANPI A PARAMP2 Mn (~ ) MA PARATPn Next, the
nmet hod of neasuring and displaying 15 (sinmulating) the inmage form ng
characteristic will be described so that an operator of exposure apparatus
10 can easily understand the state of aberrations of projection optical
system PL. The sinmulation in the enbodi nent requires the actual neasurenent
data of the 20 wavefront aberration of ﬁ?bjection optical system PL, and
when the wavefront aberration is neasured, a neasurenent reticle RT
(hereinafter, also called "reticle RT" as appropriate) is used. Therefore,
first of all, 5Fifas et R & IRV MINOWHE I s BGasederEng. 3 shows a
schemati c oblique view of neasurenent reticle RT. In addition, Fig. 4 shows

a schemat i c RAERTF 3 1% RE STSTh & TG HeTmad A e g as UgSTeddct i oned
along a X-Z pl.ane in t vicinity of optical axis . AX, along with a diagram
of projectidn opticat” rs@?tserﬁ“gi_?&/weébﬁ’ Friegs.peé:a{slhvo%elsy’a schematic vi ew of
reticle RT nounted..on t tigle st t.i lLong a X-Z plane in
the vicinity of tﬁ;el Y _}51:31 eeaen ,O%Vlé:hga%gcng%%v%et%%%écéq;g'r %’%O(‘)ﬂg‘nﬁrgj ection

opti cal %Sitcgéﬁaf}ol A8 4 Sr 0% s 4 A e g & ?J@R%oq_flhe@af%%{ ement

reticle nost the sane as an ordinary reticle wth a pellicle.

Measur ement fotd ol Sndic CHTRI SE%fe HASS P RHIAI & H0:518 d &gy at tached
menber 62 which has a 15 rectangul ar plate-1i1ke shape and is fixed on the

upper surfacei 14} agsiguhsiiad)e; 60 in Fig. 3 at the center in the X-axis
direction, a spacer nenber 64 made up of a franme nmenber that has the sane

shape as an ordi nafiy .pd liisclee firaameshdred nghdw xed som tdee dadticomrsur f ace of
the subroutine 126 of Fig. 7;
10 Fig. 9A is a view showing a reduced image (latent
image) of the measurement pattern formed at a
predetermined spacing on the resist layer of a wafer, and
Fig. 9B is a view showing a positional relation between
the latent image of the measurement pattern in Fig. 9A
15 and a latent image of a reference pattern;
Fig. 10 is a sectional view showing an example of a
portable wavefront-aberration measuring unit; and
Figs. 11A and 11B are views showing beams outgoing
from a microlens array, in cases where there is no

20 aberration in the optical system and where there is

aberration in the optical system, respectively.

Best Mode for Carrying out the Invention
An embodiment of the present invention will be
25 described below with reference to Figs. 1 to 9B.
Fig. 1 shows an entire structure of an exposure
apparatus 10 according to an embodiment of the present

invention. Exposure apparatus 10 is a reduction



20 gl ass substrate 60 in Fig. 3, and an aperture plate 66 fixed on the
bottom surface of spacer nenber 64. In the | ens-attached nenber 62, n
circular apertures 63i, (i= 1 through p, j= 1 through q, pxg=n) are forned
in a matrix arrangenent, covering the entire 25 surface excluding both ends
in the Y-direction. Inside the circul ar apertures 63i,, condenser |enses
65i, are provided that are each made of 34 convex |ens havi ng an opti cal
axis in the Z-axis direction (refer to Fig. 4). 52 In addition, inside

t he space encl osed by gl ass substrate 60, spacer nenber 64, and aperture

pl ate 66, r&AFFHGIR) MERAKTYE BPREE ProvifehLT ¢ sHeRTa Hepeat spaced
a predeterm ned djstance apart.. 5 Furthernor ’XSP the | ower. surface of the

gl ass subst gt , Tad _ﬁﬂeq%esrtqfﬁ?%re_s _ URSSs f SEe P& ns 671g
are forned as, |}§t sshooa/\]/_,ncel %?Flaq’greéfﬁolos:]uﬁgeg |ité]g}c:{ﬂ,sfolunrcaepe te;rgeelrrgl te 66,

pi nhol e- shaped® bpeti Tgs ati Ny U " ‘pat t er ns

67i, as 10 i Iy F The,di anmet er of pinhol e-shaped openi ngs 701g
is, for exan%ﬁjzl@%%ou{r}dl% siloourl )~'.Gm Referring back to Fig. 3, in

| ens- att gohed mentiero A2, DDA (P o T22AG JOM BT, nesRegkigl Y, [0 the

center of strip shaped areas on both ends of lens 15 attached nenber 62 in

the Y-axis dig&ddn Gfhdd\sug oshovinidiit Rdhiréa 100 drite potitomnsiHd@acs (pattern
surface) of glass substrate 60, a reference pattern 741 is formed opposing

openi ng 721.o Sl adydughidt d sraidietidyd Fsdnawdig.servef erence
pattern 742 identical to reference 20 pattern 741 is fornmed opposing the
ot her openi mgpsR2stayd heo bibinpm stetfiacles (Paddmrimewd aceja s, gitaissh
substrate 60. Mreover, as is showmn in Fig. 3, on the X-axis that passes
t hr ough t he tentkeruminatetd of et R expqaire of l hird el @6 lalglgnEnt mar ks RML
and RV is formed symetrically with respect to the center of the reticle,
on the glassSSIHNT aae FD VrARIHLeahsEzan ddifed neiberatelon |systrm; a

enbodi ment, as measurenent, patterns 67i,, a . 53 nmesh (street-line shaped)
pattern is UREWSAsIFE Yovirtt ETE™ 64 WHED FRTETon G HRPITS he pattern,

reference patterns 741 and 742 are a two-dinensional grid pattern that has
square pat t o HER AT btdt e s L TR H T 5 Heodthf dieit et R 671 . i n
Fig. 6B. As r/1\}e{]oerer}g:ee atterns n764)1 Saenrd .7n42, thae patterrs es,hoawn i erFi g. 6A
can be used, a &t HE panﬁ%r shown m‘f'—ligg. tan be used as ‘the

measur ement  pallerfgr F%E&ﬁg%&é%%ﬁse{ﬂ&é hat, v, Qihgt, shapas; yy be

used as the neasurenent patt i,
15 stage 58 for holding wafer W is mounted; and a control

system for contrclling the above parts.

Light source 16 1s a pulse-ultraviclet light source
that emits pulse light having a wavelength in the vacuum-
ultraviolet range, such as an F; laser (a wavelength of

20 157nm) or an ArF laser (a wavelength of 193nm).
Alternatively, light source 16 may be a light source that
emits pulse light having a wavelength in the far-
ultraviolet or ultraviolet range such as a KrF excimer
laser (a wavelength of 248nm).

25 In actual, light source 16 is arranged in a service
room that has a low degree of cleanliness, different from
a clean room where a chamber 11 is arranged. In chamber

11, an exposure apparatus main body is housed that is



10 and in such a case, as the corresponding reference pattern, a pattern
havi ng a predeterm ned positional relation with the neasurenent pattern has
to be used. That is, the reference pattern only needs to be a pattern,
which is a reference for positional deviation of the 15 neasurenent

pattern, regardl ess of the shape. However, in order to neasure the inage
formng characteristic of projection opﬂ%%al system PL, a pattern that
covers the entire image field of projection optical systemPL or the entire
exposure area is preferred. 20 Next, the nethod of neasuring and displaying

(si mul ati ng)M3HRgR FOF MG ThHtEe 137 i 615 kQusyi ¢ Jenpn tge 2 | bekieinathizan an
oper at or of exgos e a&gar s 10 can easi Ig understand the state of
aberrations Y Pro} €T OH" opt i c%eftjsilajsef eI BN MNP ¥IbwWRINGaLl i n 25
Fig. 7, which sche i cal shows t he r ol | gor.ism of the U in main
cogt rol | er S%YS%%%%T earr}cl5 %“éa S ot Hef© £ reas“(i‘nger}htec:Se%"s%%/.l % preni se,
t he CD- ROM c i nd e fl t hrough .t.hird progr.ans. and th

dat abase is és)ﬁﬁél@n&%%%; ?J}El%rﬁgéél%,lgérdl%]raom %het_é_tfaﬁ%\ng‘itﬁé]c—f i l(f%r ough
(hird pregrafps@ie L0eAnstall ed 034Qr 298 Uik 45y BBR 1RLICETILN the

flow chart starts w e S operator i'nputs the ctions'to'start the
simul ation vigetiesd nputs dlid 4505 1811 dﬁsStaQleﬂsoclinléZg?péimJld programis

| oaded into the main nmenory. Then, steps 102 through are executed,
accordi ng t asydieer hid i g ogrisdam-kh i Sig Uk Step Al rwhen the screen for
setting conditions is displayed on the dglispl ay unit 44, the process then
goes to stepsydderand Amaiing efroma 1t hentawrdilieirons thebeppaputusTiendpenat or
then inputs information on a pattern subject to sinulation (for 15 exanple,
in the case Wie eoninkf anfl-pacertgattt ey, ladeer gidanh,LEhecHd renargit iy and
duty ratio or the like) and information on a targeted inmage form ng

char act éPi stiasgy e aidilry RET initlese v adrl ofatimn | feagmefroryn ng
characteristic; the targeted imge form ng characteristic 20 al so

herei nafter (EFRSYEA D Beeain Gt ed b erentsonra vl egdomricattel such as

i nformation on | wi dt h abnormal value, via input unit 45. Then, when
i nstructi onsb‘%ﬁ‘il “éﬁ(i}gh ThaPEHE Uit 4 hpitt & e stdt e 9tloceeds to

step 106, e ondj tions.are set for creating a Zernike 25 variation
tabl e of tm"”ﬁw%’e gjdl]%lebecfj? a li%hflt i Tptt=T nl62’t eapgfﬁ@,zl%cfot FETETEY t hen
proceeds to st&p- 08 o Thes | ff 9t r@trﬁdﬂrhr%g@&elteerd_ﬁperratl on entered in

step 104 is not [Imted to one kin hat i's,” various kinds of image
15 Illumination optical system 12 comprises: a beam-

shaping illuminance uniformity optical system 20 which
includes parts such as a cylinder lens, a beam expander
(none are shown), an optical integrator (homogenizer) 22;
an illumination system aperture stop plate 24; a first

20 relay lens 28BA; a second relay lens 28B; a reticle blind
30; a mirror M for deflecting the optical path; a
condenser lens 32, and the like. As the optical
integrator a fly-eye lens, a rod integrator (internal
reflection type integrator) or a diffracting optical

25 element can be used. In this embodiment, since a fly-eye
lens is used as optical integrator 22, it will be
referred to as fly-eye lens 22 hereinafter.

Beam shaping illuminance uniformity optical system



55 form ng characteristics of projection optical system PL can be
designated as the targeted aberration at the sane tinme. In step 108, when
the screen for inputting 5 infornmation on the projection optical systemis
di spl ayed on display unit 44, the process then goes to step 110 and waits
for the information to be input. And after the operator inputs information
on projection optical system PL, specifi%%lly i nformati on on the nuneri cal
aperture 10 (N.A ), illumnnation conditions (such as setting of the

illum nation system aperture stop or, coherence factor a), wavel ength or the
like via i npti? tHiTORBECEPR BP oble’ sl ilels $HrRIBPL AT iplete + ey s Hput
information is stored in the agd when the screen %or L puttiqg

i nformati on 18P0 2AE hpef+at? ot PR dF EPP LI bR TSP bhi RV dedhe
procedure noves_on to ste 4 and its for the information be i nput.
The oper at or°t htekrlleicr:l |I{}?%€aﬁy i%rjlcpu%,kvgaﬁerﬁ &%ﬁaﬁr&?%ﬁe %O\?er?ftaa‘ 4tion, or
to be nore s 1 fig, cLndj yi i S S | ue, C . 05a,
into the inp%%g%c%gén%$%¢9a£%r%g?#%%diﬂ?%ﬁn%%?%% $%€r¥%eygo%§¢2%h€§ EQvalues

of each QﬁrnEgémtgﬁaggﬁ@iffl@ﬂiﬂgﬁgéaﬁn%ﬂ@ﬂni@foﬁ%fbai0§¥§%ﬁgp%%i%i?ern1

coefficient Z2 of the second termup to coefficient Z3~ o

25 \Wen inpui;ghttLaREAYES BELT N BAHSR 17, COAPh@tLartHes PEQCESSLIL Oceeds to
step 116, where a graph is nade (for exanple, a Zernike variation table on

a line w dt hcabnessnl Lyas Ughd bBastde @Pahdier | NfrArRLicON Bfs @veriratdhen 56
that has been input. For exanple, the vertical axis of the map can be a
target ed abeexaiti shdeosf elspandsngpingt hel @nObante | tisi fadext yabpiei {such as
the line width abnormal value, which is the index value of coma), and the 5
hori zont al agvstemnZBefohmscoesfiitient siolfit eachreer ha ofecdredZey nl kght

pol ynom al . The process then proceeds to step 118, where the screen for
confirnilty tReueespt evhddh of stRedaber e0 §rapha Fge drepPay e dpeHitspl ay uni t
44. In the next step, step 120, operation is suspended 10 until the

operator i npht8htnEORBRET r At Fof. ToRRh PhaNepRt at? $HRbutIidfe confirmation
via input unit 45 sych as the, pouse, the, cess,then proceeds to step 122,
shere the vaPFEERORGt 3B BhARGLT] AIDHEAbbYE. it SpiATtiss Ctoh e ™F n the RAM
and the decisjon,is,nde Pheifer.or 15 not,t he Zern{ke Yﬁriat{ table is

b umination S W1

o Rll lan % otglcal ok ﬁn%h :
made for allPthe tBrgeted” aber Fations T nPor i step 104 Wheh- 1 he'Yeci si on

laser beam that has its cross section shaped, in order to
15 illuminate reticle R with uniform illuminance
distribution. The laser beam emitted from the secondary
light source is hereinafter referred to as “illumination
light EL”.
In the vicinity of the focal plane on the exit side
20 of fly-eye lens 22, illumination system aperture stop
plate 24 constituted by a disk-like member is disposed.
And, on illumination system aperture stop plate 24, for
example, an aperture stop (conventional stop) constituted
by a circular opening, an aperture stop (a small o stop)
25 for making coherence factor o small which is constituted
by a small, circular opening, a ring-like aperture stop
(annular stop) for forming a ring of illumination light,

and a modified aperture stop for modified illumination



in step 122 is negative, the process then returns to step 116 to nake a
Zerni ke variation table and for the next targeted aberration. In the
enbodi ment, one variation 20 table is nade for one targeted aberration

wi t hout changi ng any conditions such as the numnerical aperture of
projection optical systemPL or the illum nation conditions, however, for
exanple, a plurality of variation tables3ﬁay be made for one targeted
aberration 25 changing at |east either the nunerical aperture of projection
optical systemPL or the il]lum pation_conditions. In addition, the pattern
subj ect to sFTHEPAEEONChey BEUTalbFuraf soremtnghediapostdontambl e for 57
the target aberrati on may be nmade per pattern. Wien the Zernj ke variation
tabl e has beBRCTHRUELFfoRT ﬁﬁg?ﬂ%nFagﬁ%tgHr%%%??af?o%ss%mﬂt%%%l%%%Yirnation

has been i nput the decision turns positive in 5 step 122 and

i t | 20
t he process %%%%gegggg% f%%l%e%yosY%%?ss? pPHSANUT R StEpS 127 $MeHeci si on
i de whet fl Fis . ==" i.ndi cat t.h dat f
S e e ter 149 4l N et v gate o
nput. |16 Ne8n6856cr DGCaNGCa iRlAGO0 L0 00PbLL 00! pfley! @LLPNS, (g =) has

not been input, the decision is negative, takes the process to a

measuring subgputbpecidfplehar acwavel IRt rAhellatOhd i MRATW S diSi N\,
nmeasurenent reticle RT at a plurality of 15 neasurenment points

(hereinafterand)oh® dhethéehple ofups op€shHs 0Ns 0Pt icat 1 sySy esa Pl d Nod hen
foll owi ng manner. That is, in subroutine 126, first of all, in step 202 in
Fig. 8, nmeastuhenepticealigheh RAfishéontednDnsoiseticdler sStagesiRThyt a a
reticle | oader (not shown). 20 In the next step, step 204, wafer stage WST
is noved vi athéeshaperost tige dilvnhgaporsiohad® ivhi Keelh her out put of | aser
interferonmeter 54Wis being nonitored, and a pair of reticle alignnment

ref erend® mat ksunbraetonndeeteioedel #bek psatenfmdstpositimmedk at a

predeterm ned 25 reference position, The reference position, in this case,
is set so thdPaliorleXhfpl @, L2FeS cehteteof [ohe PEFT OF ©ig elbfRe narks

coincides with the origin of the stage coordjnate, system set by | aser
i nterferoneter 54V€n3t%%dlﬁ%st%ﬁ ﬁ%GSBT?&P?ﬁﬁ?ncﬁlﬁ tIRGE WG ghirt  nar ks

RML and RW2 d t icle. RT.and. th di ticl
i gntent &S BRCR et Kb B8 BhSer YoM LRt AT et TRTRE BT TRt

M croscopes abalfCone SaEEa b 1%ra A 81 &1 £r PLEOPNFTpd fedi Nl dndlidyen 11

15 a movable prism (conical prism, polyhedron prism, etc.)
which moves along the optical axis of the illumination
optical system, and a zoom optical system can be arranged
in between light source 16 and optical integrator 22. And
by changing the intensity distribution of the

20 illumination light on the incident surface when the
optical integrator 22 is a fly-eye lens, or the range of
incident angle of the illumination light to the incident
surface when the optical integrator 22 is an internal
surface reflection type integrator, light amount

25 distribution (the size and shape of the secondary
illuminant) of the illumination light on the pupil plane
of the illumination optical system, or in other words,

the loss of light due to the change of conditions for



XY two-di mensi onal plane via a driving system (not shown) so as to nake
positional deviations mniml between projected inages of reticle alignnent
marks RML and RM2 on reference plate FMand the reticle alignnment reference
10 marks. Wth this operation, reticle alignnent is conpleted, and the
center of the reticle substantially coincides with the optical axis of
projection optical systemPL. In the nexi8 step, step 208, wafer Wis | oaded
onto 15 Z-tilt stage 58 via a wafer |oader (not shown). The surface of
wafer Wis coated wth a resist (photosensitive material). In the next
step, step Zlibl,ulﬂ%féa%kfé?t{ﬁ@@r%e‘goflsréﬁ%ﬁ%%#hhoﬁ‘&@ﬁ%s%%i- sdnthat a

ed 20 jllumnnation area is formed to cover the entire

rectangul ar sh

surface of n%%‘gﬁ?%%ﬂt”? St % | BRI i P BT Hey ohderEdr @ 650,
ith th ti f. j 721, 122 dt |l ength of the_illumnati

Brea in the SadTe bYHECH brihedeth Teisd i e TROAT GHAIASH the X 25
i di ti - 62. 1 dditi t th ti ,

U nat i O SyeT o S et B Y05 BT at B 7413 Tt Jih 1 Wihg uni t 40

to set agpregdeter )[a@gtég St op, such as the small a stop, to the
opti cal 59 path oj?fid][ um natll?ron light EL. Wth this operation, the

preparatory operatd,0nshd UpexPRES YA 1aI&r Comleled i d thg et step, step
212, control information 'IpS is given to light source 16 so that |aser beam

LB is 5 genesmatetkd antbrexposii endsiferd psv@med e dviadi atdgpratd e RT with
illTumnation light EL. Wth this operation, neasurenent patterns 6‘/19 are
each sinultameoesdy dptainsd ergedom ai Pianhdeydd kehopend ngsdd/Qp @M he
projection optical systemPL, as is showmn in Fig. 4. 10 As a result,
reduced i magesr&7' dgl{y atem 18mges) tdie nessurdnmesltapatdrey BB 7iwitEds i S
shown in Fig. 9A are forned two-dinensionally on the resist |ayer of wafer
W spaced apagtiate dobedel®rdd sebail strarfvetwden t h&enéxtlesbdpndsBép i214,
the reference, pattern 15 is_sequentially overlaid and transferred onto the
i mages of t Al PRRSRA et DA r¢RN HMIBRIVET ot P st eyunfase of
step-and-repeat, nethod. Following are the details of the sequence, from a.
t hrough g. a‘f&fz}rﬁ‘? R 1 g Wﬁ@%ﬁ%@??%r’t%éo{é&% £ 20 direction

by a predeterm.ned distal via.a drivin tem (not shown), so that the
center of referenea it te nuWiatcjo?%c"ﬁFe% ﬁ@/ptshorb '?ncc]é"llea%'s AR, tBdSed on

(e measur et vel Yooy 1 8 LELLF @ daser; NS SIOMELST 00l Shouy and.

t he desi gned positi I'on between

LTS PN S RIS ol 0P S, 5 Samigl s L1
that the ilInimaddireres: ofo idd488 B IYNind setting information,
which is also called masking information.
On the optical path of the illumination light EL
after the second relay lens 28B making up the relay
20 optical system, deflecting mirror M is disposed for
reflecting illumination light EL having passed through
the second relay lens 28B toward reticle R. And, on the
optical path of illumination light EL after mirror M,
condenser lens 32 is disposed.
25 In the structure described above, the incident
surface of fly-eye lens 22, the plane on which the

reticle blind 30 is disposed, and the pattern surface of

reticle R are set optically conjugate to one another,



60 light EL is set limted to a rectangul ar area having a predeterm ned
size, on the | ens-hol ding nenber 62 including opening 721 (but does not

i ncl ude any condenser lenses). 5 c. Next, wafer stage WST is noved so that
the center of the area where latent inage 67' 1,1 of the first neasurenent
pattern 671,1 is formed on wafer Wis positioned substantially on optical
axi s AX, while the measurenent val ues offJ aser interferometer 54Ware 10
nonitored. d. Then, nmain controller 50 gives control information TS to

i ght source 16 for generating | aser beam LB, and perforns exposure by
irradi ating whqnﬂﬁ%tt%ieor%uth:htsosur% suthiaqice IRTMoW (R tHies foserat i on, 15
reference pattern 741 is overlaid and transferred gnto the area where the
| atent i magd G s irénERt patts e LY §YE &Ierne'?a(%}' f((}&‘r?ec? erred to as

S1,1 th i.st | . of_ waf W _ As I t, | t, i
area S D o e tesil o o valer Wi S el Lot el slem g
f th f 74 f. . S1, 1.1 Lt I
of Lhe 1! enenGe Ra S.4T AL LOURG, o0, 8158, SL A 2:P0SH ol

measur engnt R ritelﬁ;ﬂ@ntsar@l%z@ AT fpt\Wd 8 1Al G AL e RS ON AR AN T angement

pitch of ne patterns 67i, on 25 7reticle RT and the projection

magni ficati oy ofs AP RA N AN I SSieMRlionTheprappf er stage WST is
noved in the X-axis direction by pitch p so that the center of an area Si1, 2

where the |atent imRgeRirdthersesond InRastamNopt iGh1patisem 621, 2 is
formed substantially coincides with optical axis AX. f. Then, control

i nformation thatd e wae tao highires el e e addiad WiddemdeamdByv s em tted
and exposure 5 is perfornmed by irradiating illumnation light EL on reticle
RT. Wth thidesoperstd dglavef elesee pattelB 2dlticedover pbaildeafidomr ansferred

onto area S1,2 on wafer W g. Hereinafter, stepping operations between
areas aff expiadir e Vp@at] orendrer s deaa edhdninche lfaiHgrance

uniformity optical system 20, which shapes the cross
section of the beam. The beam then enters fly-eye lens 22,
and the secondary light source is formed on the focal
plane on the exit side of fly-eye lens 22.

15 When illumination light EL emitted from the
secondary light source passes through one of the aperture
stops on illumination system aperture stop plate 24, it
then passes through the rectangular aperture of the
reticle blind 30 via the first relay lens 28A, and then

20 passes through second relay lens 28B and is deflected
vertically downward by mirror M. Then, after passing
through condenser lens 32, illumination light EL
illuminates the rectangular illumination area IAR on
reticle R held on reticle stage RST with uniform

25 illuminance.

On reticle stage RST, reticle R is mounted and held
by electrostatic chucking (or by vacuum chucking) or the

like (not shown). Reticle stage RST is structured so that



10 descri bed above, and | atent images of the nmeasurenment patterns and the
reference pattern are fornmed in areas Si,~ on wafer W as shown is in Fig.
9B. When exposure is conpleted in this manner, the process goes to step
216, where wafer Wis unloaded from15 Z-tilt stage 58 via the wafer | oader
(not shown) and is transferred to a coater-devel oper (not shown;
hereinafter, "C/ D' for short), which is 4bnnected in line with chanber 11.
The process then proceeds to step 218, where data of positional deviations
(0~, 0~), whijch will be described 20 |ater, will be input. Then, in the
C/ D, wafer W sCae\Re opete L ardr H RN r eiStr il ofn thd Tlmitteédent pattern
and the reference pattern are faorned on wafer Win the sanme arran%ement as
shown in Fi PLIE F%P e P AN hP ure & 7109 By Heangef isher et r 1R, Then,

waf er Wt hat s_been developed is renmoved fromthe G D, and overlay errors
are measur ed® Cﬁlteja%rﬁ o?eiijfﬁal‘gr%%g%lgﬁT B P et erShI LoVl ay S ur i ng

it 62 i stration, i it).. And, Db d th | t
posi ti onal | SFTETE (HbaTt1oral® dOTATIGHE B TR Ros 1o nifed i
t t 7] i t : i i f
et or ence palter i s L E R o TG P A YA S H e ng t he
posi tional deypafd GRS, S@LHSH FONSIESTEthn haWRN S o f T N W ennol Nfe Of

i nprovi ng accuracy, performng statistical conputation based on neasured
raw data is pigderigeer Adrdmetdit S dMNNEFesd NE PN LD, di dENSI AR e pOSI ti onal
0.5 to 1nm, and the measurement results are supplied to
main controller 50.

10 Material used for reticle R depends on the light
source used. More particularly, when an ArF excimer laser
or KrF excimer laser is used as the light source,
synthetic quartz, fluoride crystal such as fluorite,
fluorine-doped quartz or the like can be used, whereas,

15 when an F, laser is used as the light source, the material
used for reticle R needs to be fluoride crystal such as
fluorite, fluorine-doped quartz or the like.

Projection optical system PL is, for example, a
reducing system that is double telecentric, and the

20 projection magnification of projection optical system PL
is, e.g., 1/4, 1/5 or 1/6. Therefore, when illumination
area IAR on reticle R is illuminated with illumination
light EL in the manner described above, the image of the
pattern formed on reticle R is reduced by the above

25 projection magnification via projection optical system PL,
and then is projected and transferred onto a rectangular

area IA (normally coincides with the shot area) on wafer

W coated with a resist (photosensitive material).



deviations (~~, 0~) of the neasurenent patterns fromthe respective
reference patterns are obtained for the areas Si,~. Then the data on
positional deviations (0~, 0~) for the areas Si,~ is input by an operator
via input unit 45. 15 And, when the decision in step 218 is positive, the
process then returns to step 128 in the main routine of Fig. 7.
Incidentally, data on positional deviat i“Ins (~~, 0~) in the areas 51,i can
be input online fromthe external 20 overlay neasuring. And, also in this
case, the process returns to step 128 in the main routine responding to the
input. In step 128497 add miaPricial ey staie Bl st 2pidd@Pamlics SYE4E8Y int o
the main nmenory, and then the pr.ocess goes 25 to step 130, Q\;\P/rllere wavefronts

(wavefront dHERATDIRNLE G & Foitiag Do Hadif idid THe Garpts i, or in

ot her words, the first. neasur nt int throu t nt.h, measur enent poi nt
within the f9&EYS pbtﬁrbsﬁﬁ oﬁ%pﬁ‘%&] A st 1th§3 i & i this (F:)ase

th fficients of h of in t ' ' h
The cot {1 ci THWZ2 b1 He Kocohd Her FURPAGK Cke ‘EBBFT T dPoht P90 GF the
37th t ul at ' t he, fj th
o1 nci pl 8 dQUeT] BEa Bl G - Thort LHe harH rertory e onautls ity dfca, the
third program, whisch 15, | paded, i Adyance r Gafk e & Yeds ip1Lie d1Ri n

menory, however, in this case the main nenory does not have enough enpty
area, therefg&re tdves tdud 0Yr@e i Ses0 trenie i {actmpeaded fdeom the mai n
menory to its original area in storage unit 42, and then the first program
i s | oaded i n(#drel dpd MR N )y . atdn ridvealelndb o, wie-hwaskaf nentdrafven
projection optical systemPL is obtained by cal culati on according to 15 the
first prograxtdasedproy hen albage posin i ronath alead tad 1 iortsi D~gorrgct iBef or e
describing this process, as a prem se, the physical rel ati on between the
posi ti o8l devitrobher (48- (G-<nsahdldeaswdvetr siowni) | hode Beneklsy 1descri bed,
referring to Figs. 4 and 5. 20 As is representatively shown by a

measur enent batt drins 67RSREFRIERYY  42ngf Fﬁéedi?ﬁﬁab?il@ﬁrﬁiﬁﬁ? gener at ed
from measurenent pattern 67i,, the |light havjng pa rough

i d t .
pi nhol e- shapt®PRPerthgt 7ot e pisResta i Rith 4HeED Sriseaptl dEF St RRYiEtti on
ti | t PL,at 25, diff t it i i
moasur emont BAtEE IS ISV HER ITHRE Soasedd e Lok MR ont a
h iti he, I ical t Vi
posithon. i ihe BOriReBenPLErty SO ESPAITAAL doR R R BTN 6k 1.

And, wher theke §siPon@Dsty alion @ aldndds Prs) eals,on; gptigalpsyst em PL,
such wavefront on the pupil plane of projection optical systemPL is

supposed t0 bei fbed dERl a WAVEE T ONi £d B 1dh S I LaSEis acHd adptl e)asass i n
shown by a reference F1. '
direction of projection optical system PL, and can be
driven (tilted) in a direction of inclination relative to
the XY plane (that is, a rotational direction around the
20 X~axis and a rotational direction around the Y-axis). 1In
addition, a lens holder (not shown) holds lens 133, and on
the periphery of the lens holder, driving devices such as
piezo elements are disposed at a substantially equal
angle of, for example, 90 degrees. The opposing driving
25 devices are paired, and the applied voltage to each pair
is adjusted so that lens 133 can be shifted two-

dimensionally in the XY plane. In this embodiment, lenses

13;, 132, 133, and 134 each structure a specific optical



However, because there are no such projection optical systens that are free
of aberration, the wavefront on the pupil plane becones a curved surface
such as wavefront Fz, which is indicated by a dotted curve. Therefore, the
10 image of neasurenment pattern 67i, is formed at a deviated position on
wafer W according to the angle that the curved surface Fz nakes with
respect to the ideal wavefront. Meanwhi %€, as shown in Fig. 5, 1Ilight
diffracted by 15 the reference pattern 741 (or 74z) enters projection
optical systemPL directly, w thout being restricted by the pinhol e-shaped
aperture an®lsfaniadedr lMﬁﬁﬂeﬂNwﬁ§p9ﬁéﬁé§tpgﬁ169ﬂi@¥Em§9§ﬁeﬁfPLn0t

Mor eover, because exposure of the reference pattern 741 is Eerforned in a

state wher e 2PYIFE CEntiENSES rletier édee bt drdir 7829 BaBodPELBABA on t he

optical axis of proj.ection optical systemPL, the i i ng beam_gener at ed
from ref or enc@ 95 (HPCRPE FEARBRS IR P 5e T GCRBRER O Baused by
proj ection %gi craol. se/tsitoenmoPl.,c,iCsa tShaSt etmhePLi g eains foerrr}\ea iV\,int hout

posi ti onal devi‘ati o1 Fhan € ré/matly sndl I""aréa bnat i ncludes the

opt 1 cal” gxi 3,0 Menslor . dhe Ros 14.0na) el 3008007 0 i ect Iy

reflect the gradient “wavefront to an ront, and
based on suchhdositifpals devsaldong, (ol @r)sJhemaiel i Gan ke

reproduced. As is obvious fromthe above physi‘cal relation betweén the

posi tional ded atdrons Ll ord™)s ik e Wtgfdrnit. t RarphbhfbRke €hed this
enbodi nent for calculating the wavefront is the known Shack- Hartmann

wavefront caleghad i frddun| @hdNeimbdhe fretdiatlef Ciadeaidiaing)g dhe

wavef ront based on the above positional deviations will be described
briefly. 10 thse ispateisftird hedt jadedy a5l grasitts drealnadeviiatiitens t(o--+wOrd)
correspond to values of the gradient of the wavefront, and by

di f f er edfi atihgede hébyogiay dealomevdrations arse osteape of the wavefront (or to
be nore precise, deviations fromthe reference plane (the ideal plane)) is
obt ai ned. 15 When trhediviéfaronta dRAEYIEh S HFoma Re petoarielece Nsiddne) | s
expressed as V\(X\Qr%land t he proportjonal coefficient is expliressedi%% I(( t hen

the rel ati onih RURE¥ G113WG Rf ARSI PP ER Y HYshasitl-o-and 2 )

Ob=k ~ A (3 Be it i di ff ti at he 20 i ent of

the vavef r ot T VRir oS e sl 1 1oralo I ST ehie, >t SrFadd "SApE 15
ded i i that it fit / f . lp_thi ,

g)r(lto ﬁgggna: ns@%ﬂeﬁﬁfoz@sc]r%glennl c#ﬂﬁieeéés%l:%\s@e ’flanqg&eZer %iskgb%gﬁgﬁgmsgppi s a

series syitaple i QXA & SUrIAGE PIETSF LAl PHIRIRL ludey 2 aXi s
i n, whose conponent In the
and main controller 50 controls aperture stop 15.

When an ArF excimer laser or KrF excimer laser is
used as the illumination light EL, the material for each
of the lens elements used in the projection optical

20 system PL can be synthetic quartz, however, when an F;
laser 1s used, the material of the lenses used all has to
be fluoride crystal such as fluorite, or fluorine-doped
quartz referred to earlier.

Wafer stage WST is structured freely drivable on

25 the XY two-dimensional plane by a wafer-stage driving
portion 56. And wafer W is held on a Z-tilt stage 58

mounted on wafer stage WST by electrostatic chucking,

vacuum chucking or the like, via a wafer holder (not



66 circunferential direction is a trigononetric series. That is, when
wavefront Wis expressed using a polar coordinate system(p, A, the

Zerni ke polynomial is expressed as Rim(p) and is expanded as the equation
(4): W(p,8)=~AnRn (p )+~ ~ (A""" cosnB+Bn"'sinmB)R'"" (p ) n ( 4 ) n n ni
5 Because the Zerni ke radial polynom als Ran(p) are known, the description
thereof is omtted. Because the terms ar® orthogonal, coefficients Anm Bnm
of the terns can be determnmi ned i ndependently. Using only finite terns
provides a sort of filtering. 10 Because the differentials are detected as
t he above potQWnal Zdévilat EEAgS RBacdlalsL st hBef POSiLdORebdsvadeBeW
performed on the differential coefficients. In the pqlar coordinate system

(x=pcos6, y=g&imH,2THEFHITm TRTYRIT T ardd dftedatisd Yy the
cquatons () (Bli B o PUeRRe ALS IRy Bl s 2
sre,notorggonale, e L1100 nesdi Lo e DR, Ui e
of measufeneit” it dr Tl il R S e A el Y o essed s
n, then the pumber. of, Ohser vatéon equat 1 NS der! ped 4r omyt he.ahove 1y

equations (2) through 67 (6) Is 2n (= around 162 to 800). Each term of
the Zerni ke POy ali £ MRSRAAS f Or By OPiW Calh dheryatd g R ther nore,

| ower-order terns substantially correspond to Seidel's aberrations. 5
Ther ef ore, byiusisgaddesZer mhike mealsyiremealt:, viaheewavef wafk rabaseat i on of

proj ection optical system PL can be obtained. Incidentally, an invention
related to alnechimtagyten T4 cartatsugp Weneftromiaabergratianidrs di.scl osed in
the 10 U. S. Patent No. 5,978,085. In this disclosure, a mask that has the
sanme stdlcture as Irhedmidsigrenentrafmierice RRik nisdd Bhdrm wilighal ity of
measurenent patterns forned on the nask are sequentially exposed on a
substrat e vikeEapnet alaripy cidded pi Hrotestahdas prbiretieas wmnedl 15

system while a reference pattern on the mask i s exposed
are formed is fixed on Z-tilt stage 58 so that the

surface of reference mark plate FM is substantially the
same height as the surface of wafer W.

15 In the exposure apparatus 10 in the embodiment,
although it is omitted in the drawings, a pair of reticle
alignment microscopes is provided above reticle R, each
constituted by a TTR (Through The Reticle) alignment
optical system. With this system, the exposure wavelength

20 1is used to observe a reticle mark 2 on reticle R and a
reference mark on the reference mark plate at the same
time, via projection optical system PL. As such reticle
alignment microscopes, microscopes that have a similar
structure to the ones disclosed in, for example, Japanese

25 Patent Application Laid-Open No. 07-176468 and the
corresponding U.S. Patent No. 5,646,413, are used. As
long as the national laws in designated states or elected

states, to which this international application is



on the substrate via the projection optical system w thout passing through
condenser | ens and pinhol es. Then, positional deviations of the resist

i mges of the plurality of neasurenent patterns fromthe respective 20
resist imges of the reference pattern are neasured, and by predeterm ned
conput ati on, the wavefront aberration is cal cul ated. The conputation
procedure of the first programis det er fithed according to the above
principle, and by 25 executing the first programthe wavefront (wave-front
aberration) for_the first up to the nth neasurenent point within the field
of projecti APRPETEalPSYBtlomPle aoye sl eusees tdee coeddirdeiiesd of terns
of the Zernike 68 polynom al, such as the coefficient Z2 of the second
termup to tMEFTHeY JeMr¥%Cof the 37th term can be obtained. After the
data of the wavefront he. coefficients of ter of, .the Zerni ke pol ynom al ,
such as the 5 coef I}calo(e#ﬁmlﬁl’oleh S t Fﬁjoqujr’ﬂgﬁe{]%desffi ci ent Z3~
of the 37th i S: O i n 1 pr.acess pr.oceeds.to step, .32, .which sets
the flag F t%ﬁ%g@ee%nlcp g%kgér ecgrde%le at at of IﬁwlJL_V\}aO\/neforfon ajisenr g’q tlenrrptohreary

storage af ea; Ly 10 FAM s JGd 1P Ly 4 NEdIN rob AagIam I g6l oaded into

the main nenory. S case, as a mmtter of course, programis

| oaded aft i j S, i 4 0 ; d
oaded aftercdhg fif5dq RSP a1 g ogded 18 G he, ord Qi eetae{cﬁdlalrdd{‘lf)

storage unit 42. In the rniext step, step 136, according to ti
program ones@irdhe Wi Getesk abes ratd anssd gsld | stepr 4L cal cul at ed

for each neasurenent point by the follow ng equation (7), using the Zernike
vari ati on tabdganese Patent Application Laid-Open No. 06-283403 and
its corresponding U.S. Patent No. 5,448,332. The output

10 of this focus sensor is supplied to main controller 50,
which performs so-called focus-leveling by controlling Z-
tilt stage 58. As long as the national laws in designated
states or elected states, to which this international
application is applied, permit, the above disclosures are

15 incorporated herein by reference.

Furthermore, an alignment system based on an off-
axis method is provided (not shown) on the side surface
of projection optical system PL. As such a system, for
example, a microscope of an FIA (Field Image Alignment)

20 system based on an image-processing method is used. In
this system, for example, a broadband detection beam that
does not expose the resist on the wafer is irradiated on
a target mark, an image of the target mark formed on the
photodetection surface by the reflection light from the

25 target mark and an index image are picked up with a pick-
up device (such as a CCD), and the imaging signals are
output. And, based on the output of the alignment system,

the position of the reference marks on reference mark



created earlier. 20 A=Kx{ZZx(the table's val ue)+Z3x(the table's val ue)+
+Z3~x ( the table' s value) } . ... (7 ) A inthis case, is a targeted
aberration in the projection optical systemPL such as astignmatismor field
25 curvature, or an index value of the targeted aberration such as a

| i ne-wi dth abnormal value, which is an index value of coma. Kis a
proportional constant which is set accorﬁ?ng 69 to the sensitivity of the
resist and so forth. In the next step 138, the targeted aberration or its

i ndex val ue cal cul ated for_each neasurenent point in the manner above is
shown on di sptayeuiftand. a hhgnmegt snarks o sraywaide operke orezanredsily
recogni ze the aberration of the projectjon optical systemPL in question.
In the next $TepPes¥eptyAndineRsyersti Sht ¢St heRe: whet her or not all the

targeted aberrations (aberrations 10 (inmpge_ formng characteristics) for
whi ch conditions h]g%&b%e%mgfeﬁfh%%t%%én’gc%%%ul 1 .lrrfC?rhfer%]e]c?%ib is
negative, t C r o] ep. 136,, a th ext targeted erration
i sgcal cul at gﬁl%ﬁ% gﬁ%p‘%%@d?g%énﬂa tcr?éfttré);lge ‘e Ogblesr rné?t({eorliléJ ﬁ’ﬁ@ been 15

cal cul at od 1 0oLbg) 1BANGE, RDOYEL o4 NP PrACERSALATEEOS Lonsten 142, whsse a

screen for veritying whether the sinmulation s to co ue'i’s ed on
di splay unit ddntand pREALHENPIOCEES, PROEE a&obﬁifgnéﬁérgfﬂe RyS there

until a predeterm ned tinme has™ passed. 20 en the predeter time has
passed, the $keRdHMVAESCONE OMEHEPy L1460 r Wigs €1 teg] St &SnBsies oy ahet her or

operations such as the stepping of wafer stage WST in
between shots and the exposure timing so that exposure

10 operations are appropriately performed.

In addition, in the embodiment, for example, a

storage unit 42 made up of hard disks, an input unit 45
comprising a key board and a pointing-device such as a
mouse, a display unit 44 such as a CRT display or liquid-

15 crystal display, and a drive unit 46 which is an
information recording medium such as CD-ROM, DVD-ROM, MO,
or FD are externally connected to main controller 50. 1In
the information recording medium (hereinafter described
as CD-ROM for the sake of convenience) set in drive unit

20 46, a conversion program (a first program), a second
program, a third program, and data associated with the
second program are stored. In this case, the first
program is a conversion program for converting positional
deviations measured using a measurement reticle R;, which

25 will be described later, into coefficients of each term
of the Zernike polynomial, the second program is a

program for computing the adjustment amount of the image

forming characteristic based on the obtained coefficients



not instructions to continue the sinulation has been input. Wen the
sinmulation is to be continued, instructions for continuance should be given
during the 25 predetermned tine, therefore, if the answer in step 146 is
negative, the process of this routine ends based on the decision that the
si mul ati on does not have to conti nue. 70 Meanwhil e, when instructions to
continue the simulation have been input 4uring the predetermined tinme, the
process returns to step 102, and hereinafter repeatedly perforns the
process and decision-nakiﬂg, 5 according to the next conditions specified
in the sinul@liorch Hev et Ghe 14850 ides 00 eramisel + g |ty Ellisrdet, the
decision in step 124 is positive so the process goes fromstep 124 to step
136. That i PIUHAT the ARATA HherTtYon 819 109 &tssh optical system
PL is nmeasured,_the simulation.is conti d w thout re-neasuring the
wave-front. dBETET G AT AR T HL ABde, LI L ife RADGHTHE e

oper at or onI‘y has_t o saeueuepti al ly i,nput Neces siacr%/ {Jlt er ud1_i5 viiz%1 'en>put uni t
NSt ruc

45 accordi ng o e d%en; O HSY I?heﬁﬁ?%ﬁﬁﬁ ions 1% nEasure the

wavefront a i O i 4 igiaon, al ' dat.a. of the positiona
devi at i otrg;s ?‘E{Il?%é)& naé%eﬂré%g% %#Iq%hne@acfrgaa%%%r}dsﬁéel}ssﬁr'ed bypt he overl ay

measuring unit. Ang,w tihd hisaPelAatdmise 30 begause dde da gehad

aberration specific to the neasurenent pattern of projection optical system

PL (i ncl udi ngh{ oMede Ofsieta gl Nirgher c Or deft £ PNt tdr Loy astigmati sm
and spherical aberration) is automatically and accurately cal cul ated and

di spl ayed oncZbcwlispimy ami imdde Ebemaher cabirapteanshbeceasmnl ¥hard case,
accurately recogni zed. Furthernore, even when the targeted aberration are
in plurals, &heaabsredtdoiveamdentactiredeiad ratpotinesd; dyoureasurfi ng t he
wavef r ont 71 aberration of projection optical systemPL only once. In
this cad®, wwvabidelensge Vawi dds, f b8 drd spledpinrgd he rargeesd
aberration, the formis preferred where the results are expressed
nunerical |y $& Bhalythdaimage ebeynbng ohapg@irRr 19 ihdey adiiEtah such a
case, analysis of the coefficients of terns of the Zerni ke polynomal is
not requir ed@CHFRERVErto ash¢ sIRWE dils REDIHEFREFT v Thialrd ?éi?ﬁ%} 7, the

exposure apparatus in the enbodi me C easily 10 set the optinum exposure
Sondi L1 on- CotT ERDIH P TH T hESRUb It CHETee CORTAR 5 St fo oL

exposure congi{} of, C&”Y]Q&ae@‘fé& y%ﬁc%?é"’ggft{ﬁé’eﬁ&%&% g, Sigps 102 and

onward, by inputting the sanme subjec ern an he 'sane’ t ar get ed

aberratihgn (¥l £h-rey; bei @ Ph &l 14 Ye OptyPesd d9 Qe £andidd one setting
screen in step 102, and by

arranged in a predetermined order. The simulation
performed uses a model substantially equivalent to
projection optical system PL, and obtains data on how the
image forming characteristic corresponding to a plurality
20 of measurement points within the field of projection
optical system PL change when movable lenses 13;, 13;, 133,
and 13; are driven by a unit adjustment quantity in
directions of each degree of freedom (movable directions),
or more specifically, obtains wavefront data, that is,
25 data on how the coefficients of the second term through
the 37™ term of the Zernike polynomial change.
Next, the procedure of generating the database will

be briefly described. First of all, design values of



sequentially inputting different illum nation conditions, nunerical
apertures, wavelengths, and the like to the input screen in step 108 where
information related to projection optical systemPL is input. As a
consequence, 20 in step 138, the condition is defined in which the target
aberration value shown in step 138 is mnimal. Needless to say, the
software can be nodified so that main cdrtroller 50 automatical |y defines
and sets the optinmm exposure condition based on the definition. This is 25
because, for exanple, the illum nation condition can be changed

respect i vel pusy esdlieny ianf igadi ffvert@m Plpdmunes isadp ape ntes IN-dri/nat i on
system aperture stop plate 24, the nunerical_ aperture of the projection
optical syst@RererEepIfadPhE serilEaI 9 i (iR 2 &AA A ar@sFe By
adjusting aperture stop 15 in Fi,g. 1 of projection optical systemPL, and
t he wavel end:t?}? g‘fﬁ‘teﬁe 349 iRt 118+ 9 iagrﬁopH@lJt(?én WL HSged Sy gi vi ng such
control inf orimatli anlo‘lr'ls to |i gsPt 5 Sour cec.16 Nseq_:dcl ess tq say iﬂfe%r mat i on

.osimula where Specifi ical ware 15 Tfvgta .
on the defirned" exposur e condi HGn nay Pe (Sed en the operator creates a

process prognam fi ta fd.le.f |G+ re.congj:td .10 Next,
the nmet hgd g# adj uCJsatfsclaglg f\ae f':lrrrgs_g;:e ec?fs(r:fnl_trtnég pta;b;bgt%gr ie(slt%l (r:]yiiilolfﬁJ g%%%eéct]al on
optical systemiRlL W |d e de3eiHiRed MU I e PHRG Y do8hvite

t echni ci an of tlhe exposur e "apparatus maker or the I'ike, in"a sem conduct or

manuf act uri ngr fraGlQidemekr AStd M, 5ewnlibe (B1ROMeCcaBEai-Abee theek) st
through third prograns and the database created in the manner above is set

in drive uniyitfin ant thielfd rsf grlyeughi didpt if=00ras o @1l _gteal [ ed in
storage unit 42, along with the database associated with the second 20
program Wheimputstirructheornsinfudra thieas urampgutdre. wavef ront aberration i s input
by the service technician or the like, main controller 50 (CPU) transfers
the patflérn of nedsErtenslata etni girg t(RUUaMG byafoadr tivef croviasdsurliangetshe 25
wavefront aberration at a plurali tg/ of (in this case, n) neasurenment points
in the fiel dbfdpieftenorrbpacduldegmenpiiseapdde mi@Procedure as is
previously described (refer to Fig. 8). Wafer Wis then devel oped in 73
the O/ D, andi#RFFIRIETr W hd¥P Heen NQ¥eELEpe8CIPRE F8S8i 4PPPfages of the

e
measur enent c?at ern and t%g reference pattern aﬁe f.qQr med iqéea f the
areas Si,~ %499%100%9 tH % P VRIFIR 15 tHe THY r’f{jége Sas is
shown in 5 ﬁ&cg.%eﬁf ter d hat, wafer Wthat has been devel oped is renoved
fromthe C O and over ay errors are neasured with an external overl ay

Teasuring uni t (1 QiS! RALLOM IBASYY | N9 UldJar it L ALa%. S 53, Ady based

on the results, position errors (positional deviations) e resist
i mages of nepsur eBR:tR}NEEHRS WBALY EeM UiFe teer kevRend nanseages aket he

reference pattern 741 are cal cul ated. Then, the data on the positional
devi ati ons (rotat¥d)around the X-axis and Y-axis are to be the
positive directions of a Y-direction tilt and an X-
direction tilt, as is shown by the arrows in Figs. 2A and
20 2B, and the unit tilt amount is to be 0.1 degrees. 1In
addition, when each of the movable lenses 13 are shifted
in the +Z direction as is shown in Fig. 2C, the +2
direction is to be the positive direction of the Z-
direction shift, and the unit shift amount is to be 100
25  pm.
In addition, for movable lens 133, when it is

shifted in the +X direction as is shown in Figs. 2D and

2E, this direction is to be the + (positive) direction of



15 in the areas Si,~ is input into main controller 50 by the service
technician or the like via input unit 45. Incidentally, the data on the
positional deviations (0~, Ob) in the areas Si,~ may be input into main
controller 50 online fromthe external overlay measuring unit. 20 In any
case, responding to the above input, the CPU of main controller 50 | oads
the first programin the main nenory, arf® based on the positional
deviations (0~, ~r~), the wavefront (wavefront aberration) for the areas
51,i corresponding to the first through nth nmeasurenment point 25 within the
field of prdjitectdioh osttilcdl Hyisttemwergas tHien ddse, s the fdeet fircitét s for
each of the terns in the Zerni ke polynomal, such as the coefficient ZZ of

the second t'ef AP e tdoiet (GG 231 HCd IRE FAT t eRADC VeI t he

Zerni ke polypnomal, are_ c uted according to the first program_/ln the
descri pti on beTEwW - Uatd d'fohq)hYe_ GGt fracﬂ?{ et st s for the

first to the nth 5 measure point wwthin the field of projection optical
system PL isané?%ﬁ}tesjssegcb)})emq dth matrix Q as in equation (8): P, Pz Q=

MA (8) MPn In eqypliaf (&) 4Ne el U R i~ O JBLNIX QA8 fach a
t he f tlh

colum matrix (vector) ‘made up o _ coefficients o e second to the
37th terms (¢znd 0 %31k Phel RO 421 RKRiRRLYACH Blr tWaeR PREELX1Qn $11t

cal culated in the manner above,

by the unit quantity is input, the simulation computer
calculates the amount of deviation of a first wavefront
from an ideal wavefront at a first measurement point set

10 in advance within the field of projection optical system
PL; for example, variation of the coefficients of each
term (e.g. the second term through the 37" term) of the
Zernike polynomial. The data of the variation is shown on
the display, while also being stored in memory as

15 parameter PARALPIL.

Next, when instructions to tilt movable lens 13; in
the positive direction of the X-direction tilt by the
unit quantity is input, the simulation computer
calculates the amount of deviation of a second wavefront

20 from the ideal wavefront at the first measurement point,
for example, variation of the coefficients of the above
terms of the Zernike polynomial, and data on the
variation are shown on the display, while also being
stored in memory as parameter PARAZP1.

25 Next, when instructions to shift movable lens 13; in
the positive direction of the Z-direction shift by the
unit quantity is input, the simulation computer

calculates the deviation of a third wavefront from the



main controller 50 then stores the values in the tenporary storing area in
the RAM 15 Next, the CPU in main controller 50 | oads the second program
into the main nenory fromstorage unit 42, and conputes the adjustnent
anount of the novable | enses 131 through 139 previously described in
directions of each degree of freedom according to the second program 20
Bet ween data Q of the wavefront (mavefr&ﬁ% aberration) for the first to nth
measurenent points, the nmatrix 0 stored in the CD-ROM as the dat abase, and
an adj ustnent anounts vector P of the novable | enses 131 75 through 134
in directi onslasfl e@cfreﬁarég“rte@toftwere‘ed@ﬁ e ysal remedrt @93t Heorf ol | owi ng
equation (9) exists: Q = In equation (9), Pis a colum matrix
(vector) 5 HRRATRY-SM é’laé?ﬁ?tﬁlé)rhé)ﬁ ﬁk@ql%ﬁqfdﬁalqlmyts mfh@ﬁ?cﬁ& YRS 10) M

ADIm Ther ef or fron1th above equat.i on (9) t he foll ow ng
equat i on (llc)fe éﬁﬂ‘&@e@ "I‘?gl@téﬁéhtasreADJl to

ADIm of P, 1 in her vvords nt rmunt t ad ust nent

anount) of aﬂﬂ lﬁatyhr el? 5% (ﬁltnegcts(tt s O(fé’gree of
freedom gan pe poabéa%& OL PARA3PI.

Then, input for each measurement point from the
second measurement point to the n'® measurement point is
performed in the same procedure as is described above,
and each time instructions are input for the Y-direction

10 tilt, the X-direction tilt, and the Z-direction shift of
movable lens 13;, the simulation computer calculates the
data of the first, second, and third wavefront in each
measurement point, such as variation of the coefficients
of the above terms of the Zernike polynomial, and data on

15 each variation are shown on the display, while also being
stored in memory as parameters PARA1P2, PARA2P2, PARA3PZ,
through PARA1Pn, PARA2Pn, PARA3Pn.

Also for the other movable lenses 135, 133, and 134,
in the same procedure as is described above, input for

20 each measurement point is performed and instructions are
input for driving movable lenses 13;, 133, and 134 in the
+ direction only by the unit quantity in directions of
each degree of freedom. And in response, the simulation
computer calculates the wavefront data for each of the

25 first through n* measurement points when movable lenses
13,, 133, and 13, are driven only by the unit gquantity in
directions of each degree of freedom, such as variation

of the coefficients of the above terms of the Zernike



P=( OTX O) 1IX OIX Q. (11) In equation (11), OT is the transposed matri x
of 15 matrix Oand (OIx O-1is the inverse matrix of (OIx 0). That is, the
second programis a programfor performng a | east-squares mnethod

conput ati on by the above equation (11) using the database. Therefore, the
CPU cal cul ates the adjustnent anmount ADJ1 to ADIJm 20 according to the
second program whil e sequentially readi r?d) t he database fromthe CD-ROMinto
the RAM and then shows the adjustnent amounts on the screen of display
unit 44 as wel] as stores the values in storage 76 unit 42. Next, main
control | er SPHRIL 3 hstanfttRairialies RARARige By dfdifldtleri-stics

correction controller 48 accordi % to the adjustnment ampunts ADJ1 through

ADIm 5 st or e A or REF AR ten2 A dri A HrroutP R P 4/he movabl e | enses
131 t hrough Fﬁ%g;&?%)di rections of_ eac degéﬁ}%pg%fr}% Wt%th' S
operation, i rmicty EharadtEri st its o ol 18 Tont r ol s
the applied voligge.i0 £Ach Ol dde diiadid, dewhegs gt 10 dr [ues  qoyabl e

| enses 131 through 139 1n directions of edch egrée o f reedon -and at

| east ong of A, HPSiHd poast myapl e { @&5} ; 139 is
adj usted%subgstant ?ﬂa}}él Sfba?l%l%%saén%%éigrsel@goﬂ)ecltafng t he ijléagcre}%%bm ng

characteristigy ofs il epddvd Aptdwade SyshemaBkald rshgh rag @i stortion, field
curvature, comm, spherical aberration, and astigmatism As for conmm,

spherical ahesmeidan &hdEsingmRdisieotvardord)hepArverl arders but al so
t he higher orders of the aberration can be corrected. As is described
above, in thearared) et ch whets 2600 aady fistd migg then d reec Heordéafficients
characteristic of projection optical systemPL, the service technician or
the |ike onlgf hase tabovgute measul ertentZ e msit kaugia lonsonoifa It .he Iwavékr ont
aberration via input unit 45, or in addition, input the positional

devi at i éfs (QmpqumeﬁQW QQ@@Qﬁqﬁﬁhqu.are three movable lenses that

can be moved in directions of three degrees of freedom
and one movable lens that can be moved in directions of
two degrees of freedom, m =3x3+2x1=11.
[PARAIPI PARA2P1 A A PARAmPI1]

PARAIP2 PARA2P2 A A PARAmP2

M M M
0= A (1)

M M M
| PARAIPn PARA2Pn A A  PARAmPn

Next, the method of measuring and displaying

15 (simulating) the image forming characteristic will be
described so that an operator of exposure apparatus 10
can easily understand the state of aberrations of
projection optical system PL. The simulation in the
embodiment requires the actual measurement data of the

20 wavefront aberration of projection optical system PL, and
when the wavefront aberration is measured, a measurement
reticle Ry (hereinafter, also called “reticle R;” as

appropriate) is used. Therefore, first of all,



25 neasured by the overlay neasuring unit. Wth this operation, the inmge
formng characteristic of projection optical systemPL is adjusted al nost
automatically, with high accuracy. | nstead of the above equation (11),
the foll owi ng equation, equation (12), which is a conputation program for
perform ng a | east-squares conputation, may be used as the second program
5 P=( OIx&O ) -IxOx&xQ . (12) In equé:’t]i on (12), Gis a diagonal matrix
with n rows and n colums as in the follow ng equation, equation (13) A, ,,
A2,2 OG=n (13) An,n In addition, elements Al,1 (i=1 through n) of matrix
10 G each arfasuheRforalr SeitGlis Rui VA lheP§htepsraRtiers 8 as the el ements.
In this case, Al,i_Jis di a trix wth 36 rows and 36 col ums

onal ,
expressed as in edqu&i S(hfg’)s: agsghegatic_ apdigue vigy §f3g 36 J Therefore,
each of elenents 8~ ~ (j=1 .throygh 3 of ... 78 diagona trix A,
represents W@%eﬂﬁntparre;tﬁecgeer Lt%m rfe%p%%%lrihjgo?b ?ﬁ% c{)e‘oﬁ?‘ﬁ eéhts zz
through 73~ ofy the second termlta Hhe ﬁﬂinloﬁnrtg&mo f .rae get ok ke pol ynom al
measured at ‘each freasurenent poi %I *s0," f'or exanpﬁe, Whén 5 Fow or der

di stortign qbipined {4 oM the JBPas Y BMeNt, JESY L Oy t%ictr gplurality of

nmeasurenent points is to be corrected’in particular, e values of the
wei ght par amgdiers Sush A81.ah Al 8417 a?-tdhité?ﬁa@rprdfeﬁﬁ%@d&df?asur ement

points only have to be nade heavier than the
optical system PL. Also, Fig. 5 shows a schematic view of
reticle Ry mounted on the reticle stage RST sectioned
along a X-2Z plane in the vicinity of the -Y side end,
10 along with a diagram of projection optical system PL.

As is obvious in Fig. 3, the shape of measurement
reticle Ry is almost the same as an ordinary reticle with
a pellicle. Measurement reticle Ry comprises a glass
substrate 60, a lens—-attached member 62 which has a

15 rectangular plate-like shape and is fixed on the upper
surface of glass substrate 60 in Fig. 3 at the center in
the X-axis direction, a spacer member 64 made up of a
frame member that has the same shape as an ordinary
pellicle frame, being fixed on the bottom surface of the

20 glass substrate 60 in Fig. 3, and an aperture plate 66
fixed on the bottom surface of spacer member 64.

In the lens-attached member 62, n circular
apertures 63;,5 (i= 1 through p, j= 1 through q, pxg=n)
are formed in a matrix arrangement, covering the entire

25 surface excluding both ends in the Y-direction. 1Inside
the circular apertures 63;,j, condenser lenses 65i,5 are
provided that are each made of a convex lens having an

optical axis in the Z-axis direction (refer to Fig. 4).



10 rest of the weight paraneters. In addition, for exanple, when spherical
aberration (08 conponent) obtained fromthe neasurenent results of one or a
plurality of measurenent points is to be corrected in particular including
t he high order conponent, the nean of weight parameters 88,8, 15 8ls,is.
529, 24r 535, 35r s36,36 at the correspondi ng nmeasurenent points only has to
be nade heavier than the mean of the ren®fning wei ght parameters. In this
case, another programthat works with the second programis preferably
provi ded, and the screens 20 for specifying a neasurenent point and
inputting the wei ght #¢f1ekhr ofnsiie tEhosSAce nZRrkedpdtawwi al are to
be sequentiall% disglaggd bg t he ﬁrﬁgran1 Wth such an arrangenent, the
servi ce techifRFER2tan®RasfPycebtMeRRehied Ght 2 pdr ARt bR Ee dekk ¢ be@r above
using input 25,upit 45, by inputting_the neasurenent, point when the screen
f or specifyiﬁglgﬁorCln u?%ﬂ%ﬁ Sngn rFspaP¥ﬁ%89e&Sa&& B\ dtt i g ¢ He

e nea

wei ght of th§p%§é§1%;p£ggeg§%@%5§dpgl¥€gﬁl Ia50£{esponding to the

aberration to correc n particul ar” heavier than the other terns

when the sscreen fop, | pULhbPg, t&@g\% gﬂSWé]lS g}ll[sﬂ@ge(?f ﬁ@ggci'cﬁagsly, on the

i nput screen for inputting the weig a plurality of type i nput

referred to gheyerite ScOr ef L1684, cHREESPECiILhcal ! ¥s, ot he 13?&“ ing able
to i nput the meigﬁt %f each ter%]cinput of the meig%ﬁjﬁiv%%% |ﬁ%§&four

groups such pst€¥ndAe73A apddfdhnés psefersiesun | hitheyl ajterrcase, a
desired set value can be input by each A group. QA generically refers to 10
coefficient sadfiithent etmsapérthee el at&esPol ynoid bé-£haoddi Speabeys t he
first and fourth terns are excluded) that do not include sin or cos (Z9,
Z16, 725, Z360i,andrZ3tyrmedA gererfzalhy medsusenentcopdfietent67,0f 4€rns
(in this case, the second and third terns are excluded) with sinA or cos8
15 (Z~, Pe, ¥aoshowm ioBigyzod, Zie Hmthex33) of DAnderderistaped refers to
coefficients of ternms_with sin2A or cos3A (25, Z6. Ziz. Zis, Z2m Z22. Zs2.
and z33) ; 3PHRHRIFcAliy of ef o toXaBRE® i c3EritRd 0¥0Q erorsl B tHM si n3A or

cos3A (Z19, Z2o, o. and Z31), and 4A generjcally refers to coefficients
of 20 terms with ?Wﬁn%ig%l% (tCZZ%l%nd:D'ZZJQ) l.e‘%l%‘ﬁtﬁ@cé}%d‘i@@ﬁr, as is
previ ously descrjbe nai fn, co ol Ler 50 executes the third, program and the
first progra&nféo(5 %g}n?%eﬁ%ﬂagéngFﬁiﬁﬁrgﬁ t atEBPFS ?XeFXbeFBaFRSn) of

proj ection opt, S L be recogn zed al nost

aut omat i cal Ig%h]gﬁ%n§¥h%€%1p§rsa}§%rog§r§€%ge\gl%Eegétg%u%%#sl a ?;i?r}]sput S necessary

| Ssues isa | 9puicul Lndfo #6063 LG40 el Sl Ave0fd he psercen,and | nputs

instructions to nmeasure the wavefront aberrati on, 8 in addition,
inputs the datardf. posidh onad wlevi &k i ONse{ s, (A Pe F0rsdhe, A ease 51, 1

nmeasured by the overlay neasuring unit. Therefore, after the inmage form ng
characteristgtasd pulofecitoncOpta cedfsysiemplrtsrn 74; is formed
opposing opening 72;. Also, although it is omitted in the
drawing, a reference pattern 74, identical to reference
20 pattern 74; is formed opposing the other opening 72, on
the bottom surface (pattern surface) of glass substrate
60.
Moreover, as 1s shown in Fig. 3, on the X-axis that
passes through the center of reticle R, a pair of reticle
25 alignment marks RMl1 and RM2 is formed symmetrically with
respect to the center of the reticle, on the glass

substrate 60 outside lens-attached member 62.

In the embodiment, as measurement patterns 67:,5, a



5 adjusted in the manner previously described by making use of such
arrangenent, the service technician or the like perfornms the sinulation
previ ously described so that the state of whether the image form ng
characteristic is adjusted as planned can be confirmed on the display 10
screen. Wen the adjustnent is not proceeding as planned, by inputting a
plurality of image formng characteristits as information related to the
targeted inage form ng characteristic, the imge form ng characteristic
that is not adjusted as planned can _be recogni zed, therefore, 15 necessary
count er measUr®sh chvt Bretakie wiharrd) fRATTHRN det dy5edn ahiks emisdl nght
ot her than the maintenance operation, the operator or the |ike may al so
gi ve instructidnstRo AdidusCHFESORPRGE "Portei 1§ Sc Patactdri SEiteren csf
projection optical sysiem PL _even during nqrmal operation. After the

é% rﬁwé Piie

operator or RHELFTRE GivELd HE2pPEete d"FRSt i BhsIdBREFFBRA earl i er

(10! 9 et 1o P01 L)y SELLTS, S0P, ofd gl o ol ated i

simul atign “ﬁen§$%§m§ﬁ§nﬁiﬁgg¥h$@ﬁe'“ﬁpqﬁ{ byt he ,GPU of nain control ler 50

to create a si e varlaf?bn char Then, when the Wavefront
aberration is,easy efly and 4 ke ,poshti gRak dgviabi,ANi dakay . 84 LBRULe the
CPU of main controller BO sequentially calcul ates the targeted I nage

form ng charaet@)ishdcthd pher dBANSKoWESOH | g, adwVean ke tii&d caseshd nst ead
of displaying information related to the targeted image 5 form ng

char act eri stinea olirshhept aya titné #n 44, Fuart hairrd ridh e pditspiray, thae GRBYemay

cal culate the drive amount of the novable | enses 131 to 134 in directions
of each degrechef fhspdomsy bdhatsddiend arlgetmsh albssmatt arattseaptéhml, (such
as zero or mnimal) according to, for exanple, the second 10 program by the
| east sd@ar esndreimosiug¢im ¢ heasanmea srarimercasr depor@inghisfemnde achi eved by
a sinple nodification of the software. Then, the CPU in nmain controller 50
provi des t heP3hseFyct 3 apa viag tleshaf inted caredt e eel mrd veoshpenat o 15 i mage

form ng characterjistics correction controller 48. Wth this operation,
i mage form nESthat @Rt Bt Pt TS BT RERTYM Jont roT F2 A8k r'oiedt he appl i ed

t h of the driving devi that drj ble | 131
i ough 134 TR0 FBct FBRs-Bf RRBRCABGE S8 01 OFr BeloRSand 36 & T4 fbne of

a posi tion apd ppsture L APVl eclenses, 131, 11TQUIN, 134, | 5e agjuist e

. (@]
correcting the Inage form ng charac projection optical system PL

such as 1 Stcd i Qfendhe! fa CULYAL U £qa L1BS - SPREELp AbET T Al A AN

astigmatism As for conma, spherica erration and astlgnatlsnf not only
the |ower ordessrbut absoutbechl oheiqOrdersiQf thecabeLsati on £an be

corrected. Wth exposure apparatus 10 in the enbodi nent, when sem conduct or
devi ces are pasjiéaciomedpti€il cbestehoPL, a pattern that covers the
entire image field of projection optical system PL or the
entire exposure area 1is preferred.
20 Next, the method of measuring and displaying
(simulating) image forming characteristics will be
described so that an operator of exposure apparatus 10
can easily understand the state of aberrations of
projection optical system PL, following a flow chart in
25 Fig. 7, which schematically shows the control algorism of
the CPU in main controller 50, and referring to other

figures when necessary.

As a premise, the CD-ROM containing the first



82 manufacturing the devices is |oaded onto reticle stage RST as the
reticle, and then preparatory operations such as the reticle alignnent, the
so-cal | ed baseline neasurenent, and the wafer alignment such as the EGA 5
(Enhanced d obal Alignnment) are perforned. Details on the above preparatory
operations such as the reticle alignnent and the baseline neasurenent are
di sclosed in, for exanple, Japanese Paterft Application Laid-open
Application No.04-324923 and the corresponding 10 U S. Patent No.

5,243,195. Furthernore, details on EGA that follows are disclosed in, for
exanpl e, Japtahr@s@fp drheirmd Amﬂqr@arﬁ oid dihe &@é@h\a@e 65 £8429 afly itee

correspondi ng . Pat ent . 4,780,617, as the national laws in

desi gnat ed é{r&tte AGr aé}cecftréﬂn ditig &8~ Pto84'1§%| SHhitdEWE farishal

application | S lied per t,, t e bove di scl osures ar e, J ncor por at ed

herein by ré? %&?@f@s [Eee dfh%ﬁfr e&fnopsetroarﬁgt?némér 4c,zlcfrrpl et ed,

exposure based on Tt he ste and rec[?]gat et h IS erfor ZC(?_1 sim I ar to
"hits

t he nmeasur enent of rfeneor\/va ot eerfrla | oh ar|_tb art,s i case the

st eppi ngzope r hased esyl t
with the steg |£na861?£n%brgﬁfm%%n{}§ TS serc\?tlnlnotgrhégtstroa%tjéné}]’1SE Otlfhne\(lz\?sfdleﬁltlaaﬁ Y, because
the operati %adQ{ SH& i85 25 not any different froman ordinary

[

st epper, a detai escription is omtted. Next, the method of naking

exposur e appar at USElJa_%ﬂM lin g gesiari bathe tr&&d/\ygﬂrbgr@m NG eXReEY e
apparatus 10, first of ‘al'l, illunination optical system 12 conpri sing

optical el enafts tSue main anepxhcunfyaJ i theaf, serpes 1@nd tiirouahs,l 2pr arect i on
optical systemPL, and the reticle stage 5 system and the wafer stage

syst em nmade epeoitednyaoeohdimaalo compartetd ,prareraach assenbl ed as units,
whi | e adj ustnment such as optical adjustnent, nmechanical adjustnent, and

el ectri dOadj ust merfizate perforered Gh eduwn dfhe Fenadn &0 geiidtire desirabl e
performance can be 10 secured in each unit. Next, illum nation optical
system 12 an@Pipib s ok optIrkdyey strentir Cblri?luw:d%rrﬂdr #%d thit o the
exposure apparatus main body, as well as the retijcl e stage system and the
waf er stage %%‘t’%?ﬁ RN tIRES tHe ThR n AR A5 % bt tg‘econnect ed. Then,

t | adj ust f d t t 12 and
o1 of oct i on oRTeat &5 P P TYRTE: | ¢ BobaISe RIoh Cal@g‘%i?t errs,

|1 i cal
e 17 i e g oA i, oo hSEH B, 250 S0 syt

15 example, in the case of a line-and-space pattern, the
pitch, the line width, and duty ratio or the like) and
information on a targeted image forming characteristic
(including an index value of the image forming
characteristic; the targeted image forming characteristic

20 also hereinafter referred to as “targeted aberration” as
appropriate) such as information on a line width abnormal
value, via input unit 45. Then, when instructions are
given that the input is complete, the process proceeds to
step 106, where conditions are set for creating a Zernike

25 wvariation table of the targeted aberration input in step
104, and the step then proceeds to step 108. The
information on targeted aberration entered in step 104 is

not limited to one kind. That is, various kinds of image



incorporated into the exposure apparatus main body. In the enbodi nent, the
first, second, and third prograns and the database previously described can
al so be used in the optical adjustnent of projection optical system PL
which 25 is perfornmed after projection optical systemPL is installed in

t he exposure apparatus main body. As a first nethod of optically adjusting
projection optical system PL, a worker er f orm ng t he adj ust nent 84
operation neasures the wavefront aberration of projection optical system PL
usi ng neasurenent reticle RT described earlier in the manner already

descri bed. Tivemingy Ghag@ationd stie snods Bremsstt 108s gPtd ced #aisk Soitr ol | er

50, 5 main controller 50 then perforns the processes .according to the first
and second FR8YPEMISSd IR KE Ty ISy SOFEradten &b &Nt SFP6; ecti on
opti cal systtem PL is adjusted as accurately as possible. Then, for the

pur pose of Contr i ng the adjustnent 10 results, the wavefront aberration
of projection optical St PL.iS re- red i rement reticle RT
descri bed earlier Ii%n Stt%é r%g)rr?rielr“'hae?lld tglregzsg%%regl #?viq%gsgﬁ‘;ﬁglgscri bed. Then,

by inputtin B3 t - f f rQnt I at;i mai n
controll gr g5!L(51tf'hj(rarr151| n %g{?o?ﬁtrtrhcﬁr ﬁj};gjtfg:tﬁﬁgl%&%&?ﬂﬁ%ﬁﬁﬁﬁ&&?@g%}%&r di ng
to the firstypang dhigd priegram w@rd shews d ke astymitds Brdd ali awavat ure,
and/or a line-w dth abnornal val ue corresponding to coma of projection
optical systemd#d @it athd he Rdjnisdimentt Obd heymer.eeandAheeeat kpas that have
20 not been corrected at this stage, nmainly the high order aberrations, can
be det er m nexheasa tadrerirgiu tonsi i fatmaarieordidrf ipmd jte ctdl cad joysti caalit eryettieral |y,
therefore, attachnent of |enses or the |ike may be re-adjusted, if
necessary. A¥,a seoond aetlhod rofompttical lon ddjaustuney i2% Ipregjesdivinen opt i cal
system PL, when a worker who perforns adjustnment in the manufacturing stage
i nputs LAst r 0etA-ons idi et et rputd 611 @en digudh asetsgtig reh @ et of
information related to the projection optical systen 85 |ike the

adj ust ment diesFm gt idy 15t et PPy S St Yorftatei18C S ¢ 35T o e

processes according to the third programand a simlar_Zerni ke variation
chart is cr é’%ﬁ‘é%l.e“ﬂﬁh,o‘? H@%ﬂg?$o i ATt ati ot or%g’prtt;]eeé)ﬁodzr’?sospti cal 5
system PL is_neasured in t pr.ocedur.e previ.ously described i

measur ement $%7 c1% pallslio? ’de"%hcerriebeucci1 Sarth e .ln%od",m SCylolnnplust ;é ?Cr?g%t%e

| i ITRI N..CONt I /1 he CPU
TEASU BNt 2SS Sl JBYSHANCADAITAL P 0 SR CON Ol BT od he

in main contro orns processi ng accor he Irst and

third pregrags eV st v dgscrd hedipankd hsn targetad aber rat)i amd s

sequentially calculated. Then, instruction values on drive anmunt of
novabl e | ensgsoddutd ded nodlidecdiaqnsi of aach/Ldegs emoftifd eedom are given

to image formng characteristics correction controller 48 15 that optim zes
(zero or m nimdd)mestticdn ttas get ech@ber rat i on.
The operator then individually inputs information
on a given aberration, or to be more specific,
20 individually inputs the same value, such as 0.05A, into
the input screen for aberration information for the
coefficient values of each term of the Zernike polynomial
when they are, for example, coefficient Z; of the second

7% term.

term up to coefficient Z37; of the 3
25 When input of the above aberration is complete, the
process proceeds to step 116, where a graph is made (for

example, a Zernike variation table on a line width

abnormal value), based on the information of aberration



Wth this operation, inmage formng c correction controller 48 adjusts the
formng characteristic of projection such as distortion, field curvature,
20 aberration, and astigmatism w th as possible. naracteristics targeted
i mage optical system PL coma, spherical much precision as Then, for the
pur pose of confirmng the adjustnent results, the sinmulation referred to
earlier is perforned again and asti gmati556m field curvature, a line-width
25 abnormal val ue corresponding to coma, and the |ike of projection optical
system PL that has been adjusted is displayed on screen. The aberrations
that are notthadr rhag ket XMW poif AT, eHamRile hit§R SedérdcaberKasi 64, 86
can be judged as aberration difficult to adjust automatically, therefore,
the | ens assetbIBPR&FDHPT eadiUdTFES faqm.c%?p&% df th

q. e
per for mance ot be obtai ped even 5 when the abave re-adjustnent has been
per f or med, t(ﬁ'zdg}br%resltﬁaf o Yse (rsé’ﬁ?bcaessgt&f nreeﬁ“iléjg%ﬂ.atan?rgi‘ager to
sinplify the_ reprocessi.ng of .the optical, elements of projection optical
system PL, t\f"laef%a’ve%rlocn gllast)etrhreatllnonexr e‘?aelrl’lreed) ocoemé—’ﬁl ‘i e‘_;lrndrn(;@l *be neasured

using a aveld onlods IEAS QRN diNde Uodfe) 4 dif SRECId S ol vave! I ont

measur enent before incorporating projection optical systemPL into the

exposur e appaiatus Bt Roth o baged e olhe sMeasur rekkebasibt %te?/”et her
or not there are optical el'ements that require reprocessing and its 15

posi tion cambe, iwentd fied. sdiham tdie d@proeessd nthofcdie didestt id1 ed
optical elenment and the readjustnent of the other optical elenents may be
perfornmed i nclparabded .ghapradis tdspldyhed apt idiadp led yeenitts ©f. proj ecti on
optical system PL may be replaced per unit, or when the 20 projection
optical system haslra plairrad:itt ystodfp | estehdrd(el syparteey amyl hesusgpiraetd per
barrel. Furthernore, when reprocessing the optical device, its surface may
be procédsedumiohl spheréretdyor i fnplecesyzs ycon il wehli t¢ron, Wisan tidj usti ng
proj ection optical systemPL the position 25 (including the s5paci ng bet ween
ot her opti caPPerarent 5)PWESs i Heg i ¢t § bfnaalesi Wi sl e Hahidedt © ot @speci al | y
when the optical elenent is a lens elenent, its eccentricity may be changed

or it may be?¥ ot dPETDuNd DR T S Axi RSN LOCEATTHeh STRRrid 47 adj ust nent
h | ectrical, adj ust t i i ficati is furth

borfor med. B SHEn Baarat ] oneen exRE A bt ol 46T H T bt frent ¢ ha

can transferga, paht &f n.of @ﬁ\fli cl 24 R tve Ol VB4 £51n VYé""rM‘d%%ge SEigl on using

projection optical system Whose optical properties have been adjusted

Wi th high presi siph £an, Dee NRIL: o 16, eXNOBAIT £5 ARRA af s 461 Pgd erably built
in a clean roomwhere the tenperature and the degree of cleanliness are

controlled. targeted aberrations input in step 104. When the decision

in step 122 is negative, the process then returns to step
116 to make a Zernike variation table and for the next
targeted aberration. In the embodiment, one variation

20 table is made for one targeted aberration without
changing any conditions such as the numerical aperture of
projection optical system PL or the illumination
conditions, however, for example, a plurality of
variation tables may be made for one targeted aberration

25 changing at least either the numerical aperture of
projection optical system PL or the illumination
conditions. In addition, the pattern subject to

simulation may be in plurals, and the variation table for



10 As is obvious fromthe description so far, in the enbodi nent, main
controller 50 constitutes a conputing unit; the first conputing unit and

t he second conputing unit, and main controller 50 and i mage form ng
characteristics correction controller 48 constitutes an 15 inage form ng
characteristics adjusting unit. Furthernore, the measurenent reticle RT,
the external overlay neasuring unit, anc®imin controller 50 make up a
measuring unit for measuring the wavefront aberration of projection optical
system PL. 20 As has been described in detail, according to the exposure
appar at us i nthehet apgridi ahait s a twhen nae beeaadd mpumat{euch as RT and 50)
measures the wavefront aberration of projection optical system PL according
to instructions frBft HEop&eEdre HWid afdian dethoas BSEreaads fts the 25
targeted i mage form ng characteristic of projection optical system PL,
based on t he iavelT oritr GHerd AR B 5] | I G G SR rFL. whi ¢h has

b d_and, t he Zernik i at i ble of the t ted imge forn
88 char act eri St G001 T eSbONUTRGH 4D (HEE 4T 15 br I ORI O GiVEn when

t he subj gct expose By usjin e Zernike variation tabhle in
t he manngr d%gécé ?‘Lie%m%ﬁ%v%?e t%rgo%%%/sgéf%%&lérﬁgsget? otrqqrﬁ: nnge cataerpa{ctsetrel%ti c can
be calculategop th only one neasuring of the wavefront aberration. In this

case, in the heasuring, as for spherical aberration, astigmatism and conm,

not only the |ow orfesrgberyatian Ll A0 & il aRayat iprifeludi ng
t he high order aberration can be 10 calculated. In addition, since the

targeted i mage ¥Dr Ahehar autey iFsting iics teer Weeled rasiarachhras possi bl e by

i mge formng characteristics adjusting unit (48 and 50) based on the

cal cul ati on pesitienal ddeldtarged edAgbenr)at iwini b Wi lnage: fdersdmigped
characteristic), the imge form ng characteristic of projection optical
system RO i slzoasedquentbseadinsited docdirdisngatse,t e caulsiee clatpabtferthe | n
addition, according to exposure apparatus 10 in the enbodi nent, paraneters
t hat denot e RO &l henahste Pl 20l et wekdhy thP ddjustaterteast igpadi fithieopti cal

el ements for adjustnment (novable |enses 131 through 134) and the variation
of the imaged$oFit oy Ehateaelvet ivhb3h profeetilon DMt SYystem PL are

obt ai ned i n advance, and the par anfters are stored as a database jn storage

unit 25 42. BEREUBHABSH Tt UCH Ons R THE SENE APTEHM Y & or the
ke on 20 LB B MBI Ao GRET SHLO P se e AR el svstem
15 measurement points (hereinafter, n) in the field of
projection optical system PL in the following manner.
That is, in subroutine 126, first of all, in step
202 in Fig. 8, measurement reticle Ry is loaded onto
reticle stage RST via a reticle loader (not shown).
20 In the next step, step 204, wafer stage WST is
moved via the wafer-stage driving portion 56 while the
output of laser interferometer 54W is being monitored,
and a pair of reticle alignment reference marks formed on
reference mark plate FM is positioned at a predetermined
25 reference position. The reference position, in this case,
is set so that, for example, the center of the pair of

reference marks coincides with the origin of the stage

coordinate system set by laser interferometer 54W.



measurenent data) is input via input unit 45, main conputer 50 cal cul ates
the target adjustnent anount of novable | enses 131 through | 34, using the
actual neasurenent data of the wavefront aberration input via 5 input unit
45 and a rel ati on expression between the paraneters and the novabl e | enses
131 through 134 (equation(1l) or equation(12)). Because the above
parameters are obtained in advance and sttred in storage unit 42, when the
wavefront aberration is actually 10 neasured, the target adjustnment anount
of the novable |lenses 131 through 139 for correcting the wavefront
aberration can be kagitigp c?élfuul’gﬁamadw sifhpigt iddputali yepmeng avtnka

measur enent val ues of the wavefront aberration via input unit 45. Tn this
case, data tH%&t 3nd BiF riomed on e ppiERne s udt sle fo @esi ghedata of the
| enses are not necessary, as well as a difficult ray-traci ng cal cul ation.
Then, the ta?%e%?@%%rﬁe%ta'%grﬁ?%m AT Wli%es to i mage
formng characteristics .carrecti.on controller 48 from main cantroller 50,
and 20 i nageoahf%errgr\l}en% thtahr }c eri's Ji%lse caolrlr%ncr%efnotn ont ol 56t eitd]eljst S
novabl e kens - roaqﬁp 4. ordi t, : j ust nent..apount ,
perform r519 a%%rp%eﬁ%’ut |g%%yl%€%c§|€de&%§%%tln@\;n%ﬁ%% hagrdjli\}rr%ge otrhar% ng
characteri sty ] ] i y.st ; i td.an, rding
to exposure éﬁpﬁ%ﬁ?%%%%gle%od@na;naﬁ,ra%lelnr%gxép%bsﬁe?@ gﬂs&grse or med,
because the patierdy dfaketded £ Rl tdansderd:ed H oy efilc WeH a proj ection
optical system PL whose inage formng 90 characteristic is adjusted in

t he manner dessyddest ahovge acsoreitig-1 4 ey eata pad trerin H1q whese | mage
form ng characteristic is adjusted with high precision based on the

measur enent orestr fasrafcevgviefrorniM abet rtdte argt fd e Al pattearnsaddrence
transferred onto wafer Ww th good overl ay accuracy. |In the above

embodi meAt , nadektas#iftds thdéen opegartilboad wedrielen adiignimenicons vari ous types
of information including information on the subject pattern, 10 information
on the targetSWwiTeRfy ity it @f sthe, retiforanerukst: as itedel Yor oj ect i on
optical system and information on the aberration that is to be given is

i nput to mai TPCYMIOT 1B EE0RNG LRRAL i tS 4 R L P ke8dGal, and based
on such informatio main controller 15 50 makes a Zerni ke variation table
of the targeted $heye fornming characteristic that corresponds to the
aberration infor i Y en main ¢ ol | 50. exposed, t he subj ect
pattern. However fmj{rLce]&pergenseé[rh V\é?cne{})éntsitoer‘f) ?%Hgdotwa}efirenri Sqeol$gtota}ﬂes$ Of’fs'ucﬁ is,
the thing Prooiam ey 20 JNStRalfe) Mo gl [ Qo OTPULRE | oF
sinmul ation other than Tain controller 50, and various assunptions may be
made on inf osumatd @ StIGH Bsr the P sptedat i@l i angkidd ormation on the
projection optical system And based on each assunption, input operation
may be repeat o tyo sk gied o etk doi ampke the Zerni ke variation table of
various types corresponding to the input information in advance, while
sequenti al | y chandgimghdherccondittamn setg i2ld), ahenvelde@sidehesiizd arfimat i on on
the targeted aberration, the

reticle blind 30 is set so that a rectangular shaped

20 illumination area is formed to cover the entire surface
of measurement reticle R including all the condenser
lenses 653,45, with the exception of openings 721, 72, and
the length of the illumination area in the X-axis
direction length is within the maximum width of the X-

25 axis direction of lens-attached member 62. In addition,
at the same time, illumination system aperture stop plate

24 1is rotated via driving unit 40 to set a predetermined

aperture stop, such as the small ¢ stop, to the optical



91 information on the projection optical system and the information on the
aberration that is to be given, and fromthese variation tables a database
may be made, which may be stored in the CD-ROM along with the first and 5
second prograns. \Wen the database nmade up of the Zerni ke variation table
of various types described above is nade in advance, a program (hereinafter
called "the fourth progrant for the sake%f convenience) is to be prepared,
which is a 10 sinplified programof the third programto nake the CPU in
main controller 50 performthe conmputation previously described using a

cor r espondi ripHerddi kel Maringtiiom tlaghe (5L r e§pshséhis prerehpan, othehe
nmeasurenment results of the wavefront aberration and setting conditions and
to 15 nake tHERPIE iIMERRRTEA L UH ARRIFRATHER SHaFakd at@det ed
aberration. The faqurt rogramis to be stored in the above CD- ROM Then,
on simul ati on, th&q‘itll}é) FFRh Sdyrdite i ICBPRAVIETE G dttal | ed on

the storage .unit. 42 at the s dat abase sisting of the

. 2 i h
Zer ni ke variat i%lnvetﬂabqaogq%l topsioe%qeoaltr]%egols{%%cgéalﬁﬁﬁ £2m %?Bn Ohly the

first and f r i : i | .on .t he storage
unit 42 gnd%iélr%e%%\ﬂaé@dy %‘5@%%%%0%4 %}{Silllrﬁaq{lhaencﬁn ter case, on
si mul ation, <& f@id GoRLkel en rQnheiba nead:t e dafapase,pf the Zerni ke
variation table fromthe CD ROM when necessary. In this case, the CD  ROM
set inside digereatitd, 4fdmbkasndit the a0 UNidre THch can be

acconpl i shed, by nodifying the 92 software. [n the above enbodi nent, the
case has beeginlelsrdmcs Wher e rés filvedd anta abieietd -an keMygehiinrgsammver al |
aberration, is nmeasured as the image forming 5 characteristics of the

proj ection optd qaloBystiem ediddie dyartget Hd] ust nentstavounin afid.hel .novabl e
| enses (specific optical elements for adjustnent) for correcting the

wavef ronf abfes ratiesulits caduded ediagecdrding tlatdne mewsigsemerft results.
However, the present invention is 10 not limted to this. For exanple, the
i mage formi A THareRaEr iRt @he @rojlectihavropi dalg syt @fissubj ect to
adj ustment nmay be individual jmge form ng characteristics, such as coma or
di stortion. J3rRef st"%%‘s%‘:mqrb‘?l@é%rﬂ N o oo | 205 I6ts Higy e tade ét e Wini t

gquantity 15 Sa}gjécuesé naepngrtang)tung porfe ehceers ienCeIJ |é:isotpatn|ccea.l el enents for

In the next step, step 214, the reference pattern
15 is sequentially overlaid and transferred onto the images
of the measurement patterns already formed on wafer W by
a step-and-repeat method. Following are the details of
the sequence, from a. through g.
a. First, reticle stage RST is driven in the Y-axis
20 direction by a predetermined distance via a driving
system (not shown), so that the center of reference
pattern 74; coincides with optical axis AX, based on the
measurement values of a reticle laser interferometer (not
shown) and the designed positional relation between the
25 center of the reticle and reference pattern 74;.
b. Next, when the above movement is completed, the
aperture of reticle blind 30 is set via a driving system

(not shown) so that the illumination area of illumination



adjustnment in directions of each degree of freedomand the variati on anount
of the individual inmage form ng characteristics such as coma or distortion
i s obtained by simulation, and based on the results, paraneters denoting 20
the rel ationship between the adjustnment of the specific optical elenent and
t he change in the imge form ng characteristics of the projection optical
systemis obtained, and then a database 4% made by the parameters. Then,
when actually adjusting the imge form ng 25 characteristics of the
projection optical system by obtaining coma (or a |ine-wdth abnornal

val ue), di stlgrdhtorkl drs t9at |k terd thee PprisiEanan adptared hysiigmausi ng, for
exanpl e, the exposing nethod or aerial .inage 93 neasurenent nethod, and

i nputting t%?ﬁ&éﬁﬁ’%ﬁfﬁﬂ LBUe LNt & hehe ST N HSHDMESRe L e t ar get

adj ust mrent anount ,of the specifjc,optical elenent can be decided b

cal cul at 1 on TTHAE (GRETSBGLS e bOuF HoaEs BT i ol & oRaY | G SRt on

bet ween the irraasg%eﬂf orm ng characteristics that has been obtained, the

par amet er s, laenn € target adjustnment anount of the specific optical

el ement gsuch rel at | Oﬁe?éprgﬁ%isilnsittéﬁbowg% E%g@@'{/‘ég Egeﬁﬂ}éi‘”ggé- 10 Tn

addition, in the above embodi nment, € case been Scrib where the

wavef ront abeliali off Afn ' ELt I OPLICal: SYSIRM Pl | 5 Jieasiy ed sl ng a

measurenent retic e present Invention, however, s not imted to

this, and thgmasdaienatfethesmayefd ory akerfsatd 0 My be performed
on body using a portable wavefront aberration neasuring unit that is

det achabl e tgoyaf E5ned ag e WEht /A8l ISP ch apwaivel T endi alred,r alhidre reasuri ng
unit, a wavefront aberration neasuring unit 80 based on the Shack-Hartmann
met hod t hat rnussesumemircr ofeinssaaragfayl d e 0in e frhoineoetreci4vorempt i cal system
may be used, as is shown in Fig. 10. Details such as the structure of
wavef r o abeenitdxgdneasuring unit 80 will now be briefly described. As is
shown in Fig. 10, wavefront aberration 25 neasuring unit 80 conprises a
housi ng 82 whose i%mefh§pacBanas cantrodhgpedOcrayssSseentsalin an YZ pl ane,
a photodetection optjcal system 84, which is conposed of a plurality of

optical el enEhtrBRYEYEP i 1P al I HdelWThRihed T4 F§Ratomd Y%k i onship
in housing %]2 aﬁg%ya_ hot odet ecti on portion 86, vvh'.clq:.i s di sposed on the +Y
si de end wi t#F° m‘ﬁbé)fﬁe.r negXFgés‘frse e Trom& ehber whose cross 5
section in tffi&%& éé%%%ifﬁ5ﬁ@ﬂfﬁ é{] g%ﬁéfgtﬁi LWipﬁvkﬁgs operation,
15 reference pattern 74; is overlaid and transferred onto the
area where the latent image of measurement pattern 67;,;
is already formed (referred to as area S;i,1) on the resist
layer of wafer W. As a result, the latent image 67’'1,; of
the first measurement pattern 67;,; and the latent image
20 74’ of the reference pattern 74; are formed on area Si,1
in a positional relation shown in Fig. 9B.
e. Next, a designed arrangement pitch p of
measurement patterns 67,5 on wafer W is calculated, based
on an arrangement pitch of measurement patterns 67;,; on
25 reticle Rr and the projection magnification of projection
optical system PL. Then, wafer stage WST is moved in the
X-axis direction by pitch p so that the center of an area

S1,2 where the latent image of the second measurement



a space fornmed therein, and at its topnost portion (the end portion in the
+Z direction), an opening 82a that has a circul ar shape when in a pl anar
viewis formed so that the |ight from above housing 82 will be guided into
the 10 i nner space of housing 82. In addition, a cover glass 88 is provided
so as to cover opening 82a fromthe inside of housing 82. On the upper
surface of cover glass 88, a |light shieﬁﬁing menbrane that has a circular
opening in the center is formed by vapor deposition of metal such as 15
chronme, which shields unnecessary |ight fromentering photodetection
optical systRhEFWRh. 1 He i@ ditd THaitd oy T igiuidast it opt i cal
system PL is neasured., Phatodetection optical system84 is nade up of an
obj ecti ve Iéﬁ?%ﬁéi X2y | ens 84b, and a deflecting 20 nmirror 84c, which

iall d f . I 88 insi de housi 82 i
Gownwar d i rect) ot aRGoR cOPMHALor T BHG-8A0 and ASTPLPBlehe 10PRy e,

whi ch are se ialty. ar t.he + i . .defl ect | m_rror 84c.

Def |l ecting n%%r{r?%%é 21440 slog L{)%%eso aaH\I/iEntS; lg e?%llcﬁdclenéataﬁ]odnr%po ,reand by
deflectimag mdr 846G, ot cad s Of €, 4l 1 - i e objective
| ens 84a@f r E)Hn% a%%rve [ ne%%%ﬁm#a%lav%%]c%l%@?}eﬁl% lielrsgkg%fqlgc(#;d t owar d
the colli matestiens B4d. wEaehtRist BBera®dofpt L6 8E raREDELSLEEAL TRKE JIp
phot odet ecti on optical system84 is fixed to the wall of housing 82 on the
i nner side, ovérholdidvgd nerees Se el shiyvyred especdn Welfer M crol ens array
84e has a plurality of small convex 5 lenses (lens elenents) that are
arranged in an arrqy shkapénaftarpl aneppenpengecdi-abnsobkheecept beahspat h.
Phot odet ection portion 86 is nmade up of parts |ike a photodetection el enent
such as a twmndiemrsswonal o3t ool are etegudatiad cin cahd rsuoleras a char ge
transport 10 controlling circuit. The photodetection el enent has an area

| ar ge eA8ughde ey ideed vabare, tdrd blesrantt hanadrsy e ferithes gt ashjwanmdnte | ens 84a
and are outgoing mcrolens array 84e. The measurenent data of

phot odet ect i RAC FRFRT AP BEEHS PIRNTD R P ool fmesh M 2%835 gnal |ine
(not 15 shown). Next,_the_measuring nmethod of vefront aberration using
wavef r ont a\gg‘r'io‘a?r? o"ﬁé%eerdg"&'ri% Thi¥™ g6 vi 1t IFQJb%'W?ige%'cri bed. In the follow ng
description, for the rlsaekxe Oosf rsé n.psl i cg tB'I 1_:tehqe ianbecrhriati onnnof phat odet ecti on
optical 20 system I - averTont® abertation neasuﬁrﬂftﬂﬁﬁ’ 9s to be
smal | enoug t. 1 i e i X sure,
because wav ?%%%Q%b%éé%%n%n%%%ﬁ’ngﬂ}b{% %%%Pél%%%éjtsac el:}%(ir%im tilt
stage 585 the Opef A OLqdetd of B (e PPeLati UHOf gpo@LIRGH NG R vE] ront
aberration neasuring unit 80 to the side surface of Z tilt stage 58 when
wavef ront negsiker@nted St pehf ecaedr-@aveueheat t@ackMyNoweRe A delma maMef r ont
aberration neasuring unit 80 is fixed to a 96 predeterm ned reference
surface (i n YoIB” chse, shdret surdtaceh ors tdenntetisede)n vi imd ot ttorctaaniegnet , so
that wavefront aberration neasuring unit 80 is within the novenent strokes
of wafer stabe. WBhe Duddesssttdger 38)pceeds to step 218, where data of

positional deviations (Af, An), which will be described
20 later, will be input.

Then, in the C/D, wafer W is developed, and the
resist images of the measurement pattern and the
reference pattern are formed on wafer W in the same
arrangement as shown in Fig. 9B, 1in each of the areas 8S;,,

25 arranged in a matrix.

Then, wafer W that has been developed is removed

from the C/D, and overlay errors are measured in each of

the areas S,,; by an external overlay measuring unit



5 during wavefront neasurenent. After the above attachnent has been
conpleted, in response to the command i nput by the operator to start the
measurenent, nain controller 50 noves wafer stage WST via wafer stage drive
portion 56 so that wavefront 10 aberration neasuring unit 80 is positioned
bel ow the alignnment systemreferred to earlier based on the offaxis method.
Then, main controller 50 detects ali gnrre@?c mar ks (not shown) provided on
wavefront aberration measuring unit 80 with the alignnent system and based
on 15 the detection results and the neasurenent val ues of | aser

i nt er f er onet EFEHUTVER T 1 PratmeRT WE L NG Al lat e NGhe IS o9 thGorgisnattes of
the alignment narks d obtains the accu aoﬁe posjtion of wavefront
aberration nedStrt ™A urftrees fﬂ%?ﬁtja‘mae{ HEL HoT1F orPlofthdher SRVET r ont

aberration 20 neasur%\r’lag unit 80 is neasured,-the wavefront aberration is

measured in YRRIFDI T oWy Meiett RETH RS nd BonttoH er BETT 837 g™ he mi n

role. First in controller 50.1o0ads a neasur nt. reticle (not

shown) on m@%ﬂg%#l%ﬁieg%awae IS OZ% %erfeelf%r}?%cpgt%te?rerf (r?g%t &FSreferred to as

a ~ pi nhole r@éig&%t%@ order to distinguish it fromneasurenent reticle RT
ed

previ ously descri With a reticle | oader (not shown) on reticle stage

RST. This measurenpii oud md@tddd &Nas R B% (W ¢lb Hecimpy i deal  poi nt
| i ght sources that generate spherical waves) forned on its pattern surface

at a plural idyvodt PordtSan No@Ncel £odd B8] i KKaheddr ) | £ 16H Natd op afssidAR, and
is used only for 5 nmeasurement. In the pinhole reticle used in this case,
for exanpl e,ofi thpfosion ptateads, pewtced on 445t Uppieta S wrdmees soidhat t he
wavefront of the beans passing through all the nunerical apertures of

proj ecti on optsedlonOnsystes Placatetre Obtmrelsrddat is, the wavefront
aberration covering all the nunerical apertures of projection optical
system RO are neasut édhisnfmameahe Pigho! ecwetdigiens ioraadeds il
controller 50 detects reticle alignment marks fornmed on 15 the pinhole
reticle usi ngeYHetiers c(‘é@ral4@nrﬁeatt*‘rﬁ AR edds drd e remrf st thend based
on the detection results,_aligns thete%nhole reticle at_a predeterm ned

position. WIRTRRFS 6perattomict P teniet dFe tPREPINADI BT dthe I §as
substantial ly made, '

' to incjde with the .20 gptjcal  _axis of, .prqjection
optical syst@m PL. hﬁ?e%%erréila%acgﬁlt POt Oélﬁﬁgicifé(slag&r?ﬂsol(%énf %Sra&%n TS to
| i ght sourc [0} e; | t.art 111 . | as 1. Wdah this
operation, i }ﬂ-%ngﬁ%%?o%’i’ {Tg%tlﬁm’fsr%n?fﬁtﬁn%%%%%?%%ﬁ%?p%te\g%Q is
irradi ated ofng heyen pf e Jhen, | DS oi fromthe

pl urali tly of pi nhol esp%kﬂ@%ic{o%%%%rseljﬁegglzeigsle?con e%sk;e% oﬁr}get he i nmage

pl ane via preieessoncioph i €atusystem Hlep angh tHhe dn@gesiofrdeigd ol es are

formed on
Fig. 7.
Incidentally, data on positional deviations (A§, An)
in the areas S,,; can be input online from the external
20 overlay measuring. And, also in this case, the process
returns to step 128 in the main routine responding to the
input.
In step 128 in the main routine, the first program
is loaded into the main memory, and then the process goes
25 to step 130, where wavefronts (wavefront aberrations)
corresponding to each of the areas S,,j, or in other words,

the first measurement point through the n® measurement

point within the field of projection optical system PL,



98 the image plane. Next, main controller 50 noves wafer stage WST via

waf er stage drive portion 56 so that the substantial center of opening 82a
of wavefront aberration nmeasuring 5 unit 80 coincides with an i mge form ng
poi nt where an inmage of a pinhole on the pinhole reticle (hereinafter
referred to as "focused pinhole') is fornmed, while nonitoring the

measur ement val ues of wafer |aser interf®toneter 54W On such operation,
based on the 10 detection results of the focal point position detection
system previously described, main controller 50 finely noves wafer stage
WBT i n the ZEGE i ridets orRss s umaftdre sct%ﬁg%flcﬁliwf’pd?%iétﬁﬁhé@fsd'hmat t he
upper surface of cover glass 88 of wavefront-aberration neasuring unit 80
15 coi nci dest&ih thethsretfer ot h VW R ch! tHectpidthdthe i GRffelst A drened.

Wien wafer st WET is being finely noved, the angle of incljpation is

al so adj ust e?jg%%$e%ee%% yt.erlg‘ﬁ l'tl'th%‘}/‘Jﬂzhn’?ﬂa‘?‘r ,C‘?Gﬁiﬁi%aed?%gz%e%% bRt Ad focused
pi nhol e enters_phot odet ect i optical_ system 20.via the opening in the
center of coJ%/eerrnP’gl%%% (ﬁc%ﬁa}?ﬁ ap(h% %C(?J%Q%ﬁoegéb%/ ftll"f:esf%pi%ﬁotﬁfga{né’cti on

el ement s cmaki P £ [ 1t 6. . Mo acticylarly, from
t he focust?edkt%oél]%ﬁ%lc()aIli gﬁnﬂ}%bl nﬁg’fée r%(?lgjlkseé,(i);beglp e i @glengbg ?ﬁgﬁéener at ed

whi ch 25 be%’é%%%?é '@on?cﬁ@r@nﬁﬂbﬁ PFO] i O 1PPd G qcxyag,g,ermﬁ]Lc@rgds

obj ective lens 8 relay lens mrror 84c, and collimator | ens 84d

that make uplddedhod osefacdd On-OPthLad t Sysd e 8hanghid madictye mcrol ens

array 84e. Wth 99 this operation, the pupil surface of projection
optical systiemdlets 1€l ayed dosdn ol meiin aidndyr B4eantbi hefv«i vi ded

t hereby. And then, by each lens elenent of mcrolens array 84e, the
respecti ve bsmansglarencondensed thare fdss phdiodatect imrogtad aice of t he

phot odet ecti on el enent, and the inmages of the pinholes are respectively
formed @R t hieeqiboradet ecun braden f@cen the tie 5 ceweyrwhen rojaectdiombpti cal
system PL is an ideal optical systemthat does not have any wavefront 10
aberration, ¥F2 wHVeFFOMIT Mthe blpi InDlHRN oo ril ezt iRIPDMM ced system
PL becones an ideal shape (in this case, a planar surface), and as a
consequence, 12#EPatal Fef TREESPRI¥ent on nicrolens array 84e is supposed

to be a plane wave_ that has an. ideal vefront. 15 In this case, as is
shown in Fig. 11A I SEotoTaReaHer o TRate S ¥ 1 dre o @b a  spot ')

is formed at osition on e, optical axis of_ gea | ens el enent t hat make
up mcrol ensBrPEe ghEReRE et SN ERneE fy e BRI R G BInd o aoe

20 thergghorpml|y; | se V@%I(g{#‘%l’t @Qgggcggérlé%etts vagaigep{gd%rg 1 the parallel

beans incident on nicrolens array _ from wavefront, and
correSDOHdln@e$ﬂaﬁh@n§ht5§ﬂ At iBSrotle deRelliBahihorhek bhecwavef pant with

respect to the ideal wavefront, the inage form ng position of each 25 spot
shifts fromphempos) ttiod oty $ hea Dpté Lot i Gexilse Ofe@acthd enss £ &yt of
m crolens array 84e, as is shown in Fig. 11B. In this case, the positional
devi ati on ofdeachts@os {ADMAN)S aref erlenoe ypof mint( twhiel Jpdsd thoire Ay t he
opti cal
described, referring to Figs. 4 and 5.
20 As 1is representatively shown by a measurement
pattern 67,5 in Fig. 4, of the diffraction light
generated from measurement pattern 67;,, the light having
passed through pinhole-shaped opening 70;i,; passes through
the pupil plane of projection optical system PL at
25 different positions, depending on where in measurement
pattern 67,7 the light comes from. That is, the wavefront

at each position on the pupil plane corresponds to the

optical wavefront via position, in the corresponding



~, Q the ~nc~inatyn ds to Coxxespon ch lens elenentl sing poi t n of ea

conden ax's a Wavefxont~ , incident on each photodetect~n of th a |light
aking uP Thenr th elenent mis h section a esl ont a photode of the spot
1m a phtodete tlon axe beans at th nals pxtin 86 |, tally conVexted is

conVexs~onl sig, xGJ,t phteleGxy d the phtelectxla the electxxGc s, maa.n
ei ementsr an cntxllex 50 v onvexsion s~.681nai itil~ of main on ¢ pos sent t
t he Phtodetectx i nage ~oxn~~-n a ps~tinal the used on ex 50 cal cul ates er
calculates th xesults and the 10 cntxoll and fuxthexnox Cal cul ati on and
stxes each §Sitiqng-in @weafynaenie GRS fi i ~emPhRe, vEPgasthevratién | ~
af the knwh , n~ the neasu ~a~l_ axe positinal on such pex t that' p~nt Xr

dat at ~' CRheIAWINRN 3¢ Al L d GIREABK ARE T3 1SS Kla. atin ~ the
bei g Whey Ol RS T BSOS U it 1S Ry @R TAREE (PSR o f ¢ he
Veverxom ¢ HITiRT Boms cipraiat, S Fhpist MR Cehi i bt p

Cxat n st b e AL S el R B e e ea

Mai N CNtXO0 af,yadedeStdNad N r OVEEN, | LGP oidhe i As&ipdieam f oam ng
Psxt xo m ounce 16 9enexate Mates the imge neasurenent ~S of. 25 s nd

simlaxly calyscdiexHa®@ Sre i o fagd gt ehaGrsie el et the
imag h ot. a e~iuent~.ally Pexf s

pupil plane becomes a curved surface such as wavefront F,,
which is indicated by a dotted curve. Therefore, the

10 image of measurement pattern 67;,; is formed at a deviated
position on wafer W, according to the angle that the
curved surface F, makes with respect to the ideal
wavefront.

Meanwhile, as shown in Fig. 5, light diffracted by

15 the reference pattern 74; (or 74,) enters projection
optical system PL directly, without being restricted by
the pinhole-shaped aperture and is imaged on wafer W via
projection optical system PL. Moreover, because exposure
of the reference pattern 74; is performed in a state where

20 the center of reference pattern 74; is positioned on the
optical axis of projection optical system PL, the imaging
beam generated from reference pattern 74; is substantially
free from aberration caused by projection optical system
PL, so that the image is formed without positional

25 deviation in an extremely small area that includes the
optical axis.

Therefore, the positional deviations (A§, An)

directly reflect the gradients of the wavefront to an



101 ot her pinhol e inmages. Wen all the necessary neasurenent has been
conpleted, in the RAM of nmain controller 50, data on the positional
deviation (~~, ~~) of each pinhole inage at the 5 inage form ng point
previously described and the coordi nate data of each inmage form ng point
(the measurenment values of |aser interferometer 54W (X, Yi) when
perform ng neasurenent the i mage fornmi ndoint of each pinhole inmage) are
stored. 10 Then, main controller 50 cal cul ates the wavefront data (the
coefficients of each termof the Zernike polynom al), based on the

posi tional delgak ivavgioronto~anst kased MySUDr Mg PEnRtls BV idte PBisnhol e
i mages stored in the RAMthat corresponds to the inclipation of the 15

wavef ront onl4&e Apitihes Hvedd Bt 5198) O& TR TOIES - sSt & PPV10EPng a
b evi ousl y. deSE | 0 OIS ARMGH o et b DGR Ty A N AL o ogr an
carlter 1o RE UGB AP0 GPeh Y G E I o sy g Al B oSl 1 y
Do nt of ot ha xporc Hdduldiy DR AL SE Rl Mo AL S Racn term

of the Zerni&gﬁ@ﬂéﬂ%&ﬂ%r%ﬁ wav oM pUs- Jramdde descripden so far,

when the wav erration I's neasured using wavefront aberration

neasuring unit 80,na&f ercrievelt e r taltdig ddkey WiHd witte fhente @i derd,
t herefore, reduction of the 102 neasurenent tinme can be expected. In

addi tion, besgause: wid®re devel ojsredl dyvidteidrikevMil Ibenatedier ieglii red, there
is al so an advant age of exposure apparatus 10 being able to performa
so-cal | ed sebfielmgurenent in a state where 5 wavefront aberration
measuring unit 80 is attached to wafer stage WST. Then, by perform ng a
process léccor di ng A% s premedidred sitmver ras itherabovie wriodinfentAS,mai n
controller 50 can cal cul ate and display the targeted aberration (inage
form ng char@} eppsreeryndahd Y81RAFt REr FBLe Jragicerat icdaltihe perviedmant,

adj ustment of the inmage form ng characteristic of oj ection qgptical system
Y drord :

.
PL. In the abd¥eP®e et 13 NG ddve RS bektr e SV iidd ertd’@ he fir st

whi ch ts the 1 itional .deviati t ed usi
Teacur oot TERREI S LS G CHBTT ol Shi e oS CACHE (BT DTon H SR s

pol ynom al , S n i ch ut es, t jusirent. ampunt of the
i mage form népggﬁaﬁg%tg?fésf%%@b%%@dgo%&?% (?:%e]f fé]%?lg%!t)s lo{ﬂaeac termof the
Zernlke15 When the wavefront (deviations from the reference plane)

is expressed as W(XY) and the proportional coefficient is

expressed as k, then the relation in the following

equations (2) and (3) exist.

ow
Af—kg A(2)

An=k% A (3)

%

Because it is not easy to differentiate the
20 gradient of the wavefront given only as positional
deviations, the surface shape is expanded in series so
that it fits the wavefront. In this case, an orthogonal
system is chosen for the series. The Zernike polynomial
is a series suitable to expand a surface symmetrical with

25 respect to an axis in, whose component in the



20 pol ynom al that were converted in the first program the third program
whi ch converts the coefficients of each term of the Zerni ke pol ynom al
converted in the first programinto various aberrations (including index of
such aberrations), and the database that goes with the second 25 program
are all packaged in a single CD-ROM Such a packagi ng, however, is not a
mandatory. That is, the first program t¢fe second program (and its

dat abase), and the third programare prograns that have different 103
pur poses, which neans that they all have sufficient utility val ues

i ndependent |64 r Eyperentjahidr edHel athi ks Hriogreanoneioard BFrias « @ thakes
the Zerni ke variation table (caorresponding to 5 steps 101 through 122) can
be used as a-%i il PrOGERTBY i HRARTRF 4G i BULS V&P T i nf or mat i on

i ncluding informati on on subj ect, . pattern, information af .the targeted

i mge forni n‘@o%ﬁ%%ﬁ%ﬁ%ﬁaﬁe&? {‘?Tf @r)ﬁattlﬂ)@n%(?ﬁ% FPOYESE S dfti cal system
and information on a,qgivenn a ragi an_ i t _unif.suc S a
keyboard i nt%x%r%sosn%cllj?aesr t”‘n;& h%g&sb%:hggp%ﬁ%gzria%si ns a?#‘é%j%l$ﬁep%§’r ni ke
variation table of the targeted inmage formng characteristic is nade.
Accordingly, tHidad@dabask &o008)sDing, of4,t heszérmd, kenve i Bt (on AdBl)e made in

the 15 manner above can be suitably=used in other exposure apparatus as is

i | d i d. F | e,. wh h f t .ab ti i
Phit rorcirod to dRiTuTe (e d ke ahd i i Y ol The i ee O
_ | use t rom !
Broont of -t e et oy R BT KO o e re Bpet hGae: et s et B o i nto

coefficient Stgimgg—gpet@m& ol {1, ZE5 4% K€ pﬁsefmgn?l B ARG @yen when the

second program and 1ts dat abase, and t ect ird program are conbined with
such a convegsh Ofle 29e P& AL A% 1dddSe vl oS, thatnd hen Becond v ogdaim and its
dat abase, and the third programcan sufficiently show their capability. In
addi tion, espesvaléy i sbrt her SECDHE Piggr am and | 04 the third program
they do not necessarily have to be conbi ned because their purposes differ
greatly.10The purpBecadisd hehd cdheferent o mkerd hietoperead iam Bid iabaem for a
service technician or the like performng repair 5 and adjustnent on the
exposur e appeoattusonhk dempetionsi hy zhbwakt ethiet st big tiheeds of @cre on
optical systemneed to be adjusted, whereas, the purpose of the latter is
to perform aPSThOrBed op t Bhe ot fferomkt abreenbl tatyeted ilfadd e Qotiatg

characteristic of the projection , ,
coordinate system (x=pcosB, y=psin@), the partial

differentials are represented by the equations (5), (6):

_a_“_]:aﬂcose—lﬁl-sine A (5)
ox  op p 00
W _ W no+t W coso A (6)
oy op p
15 Because the differentials of Zernike polynomials

are not orthogonal, the fitting needs to be performed in

the least-squares method. Because the information (amount

of positional deviation) is given in the X and Y

directions for each measurement pattern, when the number
20 of measurement patterns (for example, n= around 81 to

400) is expressed as n, then the number of observation

equations derived from the above equations (2) through



10 optical systemis sufficient enough when the operator or the |ike of the
exposure apparatus in a sem conductor manufacturing site exposes a subject
pattern. Wen taking into consideration such differences in their purposes,
in the case the second program and its database and the 15 third program
are in the sane software package as in the above enbodi nent, for exanple,
two types of passwords is settable. In fth a case, the second and third
program may be supplied as a different information storage medi um such as a
firmvare, and only the database may be recorded 20 in a storage medi um such
as the CD ROW) 1+ aidi t5 oﬁrﬁourﬁitlr@ivatbbv@%bodi ment, on the adjustment of
the image form ng characteristic of projection optical systemPL, the first
to third program i&Eh i ¥d Wi ArHGE BRIl AHE BRRMEAnd t he
25 dat abase was copi ed to storage ugjt 42. The present invention, however,
is not |imtdd WHS, ARHF I AL EBRIPOTRe HOPEE CF B FGTBogr ams ar e
installed on

torage. unjt 42 fronn%gq:CIﬁ l,thekgtlata ase does not 105
have to be c%lf) B 1%‘1& a%oerru TRCH2. T IS CAsE e B RoM set in the
dri it t j It i
O ve unit SHUELUIES UIp SLAfR0 A deo 1L (A0, ABOYE ETEOEL TEllac gy oase
correspondi ngud o dhgokinbE td Y QBN Of c IDVAN ford 5@l Ho L0 139 i

directions of each degree of Treedom "However,” the present i1nvention is not
limted to tdhssime@, i n cases such as when a part of the | ens making up
projection optical system PL can be easily exchanged, 10 paraneters that
show t he change ofIrdddmegel f,0ran Nchwedrad ot efd Isitied word el Ingyy 0 t he

t hi ckness of the |l ens may be included, In such a case, the optinal |ens

t hi ckness i sit ocdkcwhbd citha@tedvatrdme dlee gedt B ust mkidc lanoemhtin Bds: des such
paraneters, the database may include 15 paraneters that show t he change of
the i mad® f o¥ n¥ ngPezhemtacier i st 98, €y r edportdiisg dic allesuret,i @ easdt ation. In
this case, for exanple, when reticle Rrotates as is shown in Fig. 2F, such
rotation maythetikag thepsaneisejueirertddnthaneasereamsnt reratsoh Bmount
may be 0.1 20 degrees. In this case, according to the calculated reticle
rotation, fotSe%a®P 2Nt yP R ehsY Sha"FSHetTete R Hgr BT At haf er

t WET has to b tated. And, other th h t details wh
change af fects THe TAEGE T or M AGL NG el T1RITED B 1 HEZE Y] ebtTon

opt1cal /St EmantL iy abiS Pl AL S8 LS8 Dectaclispti e carabase,
retiC|e]9§ tQ?s%é%? &ﬁii@eaOpéfgfén@éiﬁaﬁ%éfﬁtéﬁnthe mask 1s exposed
on the substrate via the projection optical system
without passing through condenser lens and pinholes. Then,
positional deviations of the resist images of the
plurality of measurement patterns from the respective
20 resist images of the reference pattern are measured, and
by predetermined computation, the wavefront aberration is
calculated.
The computation procedure of the first program is
determined according to the above principle, and by
25 executing the first program the wavefront (wave-front
aberration) for the first up to the n'™ measurement point

within the field of projection optical system PL, or in

this case, the coefficients of terms of the Zernike



106 In addition, in the above enbodi ment, the case has been descri bed where
mai n controller 50 automatically adjusts the imge form ng characteristics
of the projection optical systemPL via inmage formng 5 characteristics
correction controller 48, based on the target adjustnent anount of the
specific optical elenments conputed according to the second program or the
targeted aberration anounts conputed ac@S$rding to the third program
However, the present invention is not limted to 10 this, and the image
form ng characteristic of projection optical system PL may be adj usted
manual |y by rmlyopetidtlor soiclyvias dgheop@edifiionentn sueli dheasecondetssiond
programor the third programcan be effectively used not only in the

adj ust nent sttade® B RS i He Zrantf abherPhg $€afe, CEH WIS CRTAINGRs

duct i f i ti ti | t i f J
Shar act er i stice arft i (SFediatim thd b oV b0 et Ofe Caseids been
d i bed wh f ter, i ded t ticle RT
2 ong v h TGt e e 0 BB e YRk Gronde pat t erns. do ot
have to be provffiec?' St t{ueé)r%g%%gr %g%%)dr ?tg'g:fﬁl EnTBRKS @%aﬁgg?ﬁgﬁeﬁ%“ cle

RT in thé case o e abov odi men measurrng optical properties.

That is, the, refer e tter y id o] LT S or the
25 referencghﬁa%§e?ﬁ§ %E? %%f §eq%r89?3§§%§ﬁ ?ﬂg Eggﬁgé%d§E§§%e§§ EPovided
on the substyate (yaf i &l ded hstrgade1 Mpre RAIL WRT o &fiky ence waf er
on which the reference patterns are fornmed in advance in a size | 07
correspondi ngatd) dhecHy of£ed i shtTaigni i eatd ok oAt disedrand hyeeoat i ng a
resist on the reference wafer, transferring the nmeasurenent patterns on the
resi st | ayerRAMand devel oping the patterns, and then by neasuring the 5

posi tional deviating between the resist imge of the neasurenent pattern

t hat caAObe obt ai nied sfdarerl Hovdhoprienitr g adren efsersricadeat Kgito the
substantially the same neasurenent as in the above enbodi ment can be
perfornmed. TRIm BRIGEY on In fhilse calseve adnBodiaivERE, C4f COMIERe HB&sur enent
pattern and the reference pattern has been transferred onto wafer W the
wavef ront abdrizd iRFPHTaMrio] ekddnf okt al the shieri PIPTRE- 3l icul at ed based

on t he neasurenen esults of the resist imge that was obtajned 15 by
devel opi g (HELGRHEH i Hrestol e ith, ThoU(ade | ¥inotid1 mited Lo

this, and t he proj lerg:t ihoen r|1 n}?@eséeae,r isal':le | %) aorcotrhaelnrreatsou.rt r(ree.r?[:thigfa tern
can be projected on the warer and 't he FPro; ecCted image {aerial inage) nay be

nmeasur ed zusi er i | fage. neasur ' ' : at.endy dmages of
t he msagt?re nt@%%r?’t eér?lés %nd {he Te e%ééwﬁcée%p%%at%oni&ﬁo@eéd onrgt%egmriesi st

llayer or inmeges {hatspEel LAl A9l dycaiels SEGiY gBdhbgyeasured. In such
cases, as long as the positional deviation of the neasurenent patterns from
the referenceoppsivin@®redsateio®@s(7), using the Zernike variation table

created earlier.

20 A=Kx{Z,x (the table’s value)+Zsx(the table’s wvalue)+ ..

+Z37x (the table’s value)}. W (7)

A, in this case, is a targeted aberration in the
projection optical system PL such as astigmatism or field
25 curvature, or an index value of the targeted aberration
such as a line-width abnormal value, which is an index
value of coma.

K is a proportional constant which is set according



25 the designed projection position of the neasurenent pattern) are
nmeasured, the wavefront aberration of the projection optical system can be
nmeasured in the procedure simlar to the above enbodi nent based on the

108 neasurenent results. Al so, instead of transferring the measurenent
pattern onto the wafer, a reference wafer on which the reference pattern is
already forned may be prepared in advan®®, and the reference pattern may be
5 transferred onto its resist |layer and the positional deviation neasured,
or an aerial image neasuring unit that has a plurality of apertures
correspondi @ ttd & wenfedsiviidiveml fdra cavs stk sesd@ntd -measure the
positional deviation between the apertures and the 10 reference pattern.
Furthermore, in tH& 356 &ssthadiorent3s t RESpISingicssal 2ReFrALioR Prrevi ously

descri bed was neasured usin n qverl ay measuring unit, however, ather

Uni LS MRy be GS oAt i R Tt ARICh, " n STy ATER B0y B5roti did i n the
exposure apparatus. 15 In additiqgn, in. th ave enhodi men th

coefficient gcé}loef rrfahnenetrer‘ﬂ’lr]rolsovoef the ZefniKe ploslapyr?a’mue{jlqtévvcehﬁe' uérelg’ugyto t he

37th tere hoveyeledhie S8 (aanAng Nghaldien i e diset such as

using the ternms up to t st ‘termso t er conponent of

each aberratdion 20 of, RIOJaR IR Gl sustem Rl dmy, ke, gl cul ated. That

is, the nunber of ternms or the nunbers used in theé Zerni ke pol ynom al may
be any nunbejuedirddier nore, because the aberration of projection optical
system PL may be positively generated depending on the illumnation 25
conditions or the 1d ke inedthet@gvewpadiofenihe e ioitdncdls elserent s of
proj ection optical system PL nay be adjusted so that the targeted

aberrati on heoorhesr aopredetalrln tied teadges,ed relbsddiat iam s of aldeer taatrigetsed | 09
aberration being either zero or a mninmal quantity at all tines.

Fur t her @6r e, (ima g ef atyoirey ertiroc oteaitlstd s Vicce whaictiniasirghl tparfomest® t he
installation of the progranms 5 previously described. However, for exanple,
t he progransPsfly $rL) dxavg ke el aehratedd corhethed IeRE6HER £He | nternet or
the like to a host conputer that totally controls nmanufacturing equi pment
such as expdRHE SiprardttLHCE TemFHA UG 15he ISl ddisaSige 10

nunber of nuf act ur i equi prent, or. the programs may be jnstalled in the
exposur e apptEASed |1 At B e (R e D Py B e pat ter

| nformation, or the GXROSUrE, ARRALALUS THY. BE RS, b AbLald), the pattern
informati on by reading a bar code or a two dinensional 15 code of a reticle

on whi ch st hec PALLAI{LA 01 Pe 1d HANRLL SLAM 0 ehdGfSicdsy, TAIdILSg 4 hat Lhe

exposure apparatus or the server can automatically perf maki ng of
the Zerni ke ya&h atd prnyiahl e deseddbeth eard d £f yite i it henOpt i num

exposure condition (conditions such as
simulation is to continue is displayed on display unit 44,
and then the process proceeds to step 144 and stays there
until a predetermined time has passed.

20 When the predetermined time has passed, the step
moves onto step 146, where decision is made on whether or
not instructions to continue the simulation has been
input. When the simulation is to be continued,
instructions for continuance should be given during the

25 predetermined time, therefore, if the answer in step 146
is negative, the process of this routine ends based on

the decision that the simulation does not have to

continue.



20 illum nation condition and the nunerical apertures of projection optical
system PL), and adjusting the inmage form ng characteristic of projection
optical system PL, without any intervening by the operator or the service
technician. On such automation, when, for exanple, the 25 measurenent
reticle described earlier is used when nmeasuring the wavefront aberration,
the alignment system of the exposure appdratus nay detect the positional
deviation of the latent inages of the neasurenent pattern 110 forned on a
resist layer of a wafer fromthe |atent inmages of the reference pattern. In
addition, in the &lfayehdpifodiwiait 1nsi&Usidroasort Qrcafid ek xed wavef r ont
aberration neasuring unit 80 to wafer stage WST, 5 however, for exanple, a
carriage systigiEi! {2 Rt IRitderduting s RHSae Weemest tdicer

hol der exchange may be used to automatically carry wavefront aberration
measuri ng urﬁr}ie éﬁ-’.gq%sst e Ve hodd Zr ﬁﬂééé‘s@ %den 10 descri bed

where the present vention has heen applied t however, the

present i nveﬁ‘?%%telfcglyncﬁeﬁ 'C?ﬁnfseatbr}eo QWDCS%SSanadlcfhagecrsjiﬁsglgogﬁmaiknlvne%ti on can

al so be guit npl i 0 NG 1y OS:U ratus |ike the one
di scl ose% in, 4%?&8{;%%?%%%%}%[@@%1%% %%ﬂ%ﬁ%ﬁf , 410 t hat
transfers a rti] . A AR Nt QHatle%Stc'é@tee, WRiche seyRERr eAgyskyy 1@0VI ng
the mask and the substrate. The use of the exposure apparatus i's not
limted onlysdo, tilee exROSIH & appasdgis £ori Sreguifactwl 19y B &Qluct or
devi ces, but the present invention can also be wdely applied to an
exposure apppsed Usrdorstg@nsierds ngeep 1381 d crystal display device pattern
onto a rectangul ar glass plate and an exposure apparatus for producing
thin-filmmgneti cTHeeadss, merrondchiveess £ iows 2hahigisiorand t he | ke.
Furthernore, the present invention can be applied not only to an exposure
appar at 49 f grrpjecicdmgopt tradewy seam skic hi sagnesst xavhd udteors daviateldn but can
al so be applied to an exposure apparatus that 111 transfers a circuit
pattern ont ol gerisEnyrdtel growh | feureariieng o-ipr otk romdsk or reticle
used in a |light exposure apparatus, an EUV exposure apparatus, an X-ray
exposure apparaftAt1eh: el ect ron- beam exposure apparatus, 5 and the like. In

addition, the light source of th xposur e aratus. in the above
enbodi ment is not r}?‘? LR e‘%estco“a{??cglaﬁ?cg‘(ﬁ'ollé} SERIYHEEoure¥ such as an

P2 aser, N ALF XS IRy | R58Teo A AKLF SKEI MBI AR c and o kg a- i o

10 pressure Nercury in m SSl ine” suc I'i he

vave' enath of; #3805 Ofnlc | 4916, & & YaNel angtin Of 300N gan,al po,de used. In
a hat 1 s obtal ned by

addi tion, arnoni ¢ wave nay be use anplitying a

singl e-vavel ength 1aserubessnd nedmdde,iof ik agh @£ Mbist Dlige Frangogm tted by
a DFB sem conductor |aser or fiber laser, with a fiber anplifier doped

with, for exgaple,addbtLsh (041 HOt b dur Anslf yiherpds itdonand by
converting the wavel ength into ultraviolet |ight using a nonlinear optical
crystal, Al sdeviations (A, An) in the each of the areas S,y measured
by the overlay measuring unit. And, with this operation,
20 because the targeted aberration specific to the
measurement pattern of projection optical system PL
(including lower-order and higher-order components of
coma, astigmatism, and spherical aberration) is
automatically and accurately calculated and displayed on
25 display unit 44, the aberration can be easily and
accurately recognized. Furthermore, even when the

targeted aberration are in plurals, the aberration can be

accurately recognized, by measuring the wavefront



20 the magnification of the projection optical systemis not limted to a
reduction system and an equal nmagnification or a magnifying system may be
used. Furthernore, the projection optical systemis not limted to a
refraction system and a catadioptric systemthat has reflection 25 optical
el enents and refraction optical elenents my be used as well as a
reflection systemthat uses only refl ectilon optical elenents. Wen the
catadioptric systemor the reflection systemis used as projection optical
112 system PL, the inmage form ng characteristics of the projection optical
system are afestadioy changp IRFEHeD pisii¢dh rstaie B kenlbf amee r eflPect i on
optical elenents (such as a concave mrror, or a reflection mrror) that 5

serve as the*Bhect3e optital theedetts MW Bust e s s BEEP 3y HHli ti on,
lsed as 111 Ui hatFETE ORI G ectton St 1 Lo RS S e bLESHF B Lot a
When the Ar 2T SA5r° Bt CTREEIRA |1 LS TR T 1 ke 1% RN TS 1S o R &l so
A 6. made “unda? Dot G The T ol Tov k6" St opa & UeVIeE T aneeNanl port i sance

desi gni ng steper Ay &L LS € FBKE s SEEP HDEF & @ KLTALT $ndidi SRAEs based on the
designing step, a wafer making step where a wafer is made fromsilicon

material, a t&gasfeqring step where the pattern of the reticle is
transferred onto the wafer by the exposure 20 apparatus in the enbodi nent,
a devi ce assenbly depogéncl ali g dei sl £i Mo rireessl o afh 19 i1 aciess, and
packagi ng process), and an inspection step. According to the device
manuf act ur i ng, mehdoekpbecae seppxposws ein stiperdmvodinemt acdn tdwgr aphi ¢
process using the exposure 25 apparatus in the above enbodi nent, the
patternl®f reetctlee ROpPEinumneteesete orrdibier WYiespenjEedioh Uptical
system PL whose image form ng characteristics are adjusted according to a
subj ect patt@phjeet RRbserpfagdhati i3 f e P tdABa @ sithee £ oade tddfust ed
wi th high precisjon based on the neasurenent &g%glts of %gg wayef r ont

t

aberration, GAd PRefefol¥ SEti ¥NFhsLPhrE tg% S&ePRche etttd MR dver n
ont o waf er with hjgh overlay accuracy. 5 Accordingly,, the yield of the
devi ces as ¥¥¥a?n89%8h%?stP§ gﬁ%?o%%%?gﬁﬁi%ﬁkﬂ% §a$@ ?Q%s? ® to inprove
its producti vity, LNDUSTRAL, APPLLCABILLTY 10 AS.{ s deseri bed: above, the
i mage form ng charactéristics neasuring netho - the present vention is

sui tabl g 0 ppasHrecthg:t asgeted: i fros-form ng shasacseristyc,ef a
projection optical system Also, the 1nage formng characteristics

adj usting metbgdeRtibhey 1onpresent 40FeaLERN 151sMitablent ord tsénshe
i mage form ng
numerical apertures, wavelengths, and the like to the
input screen in step 108 where information related to
projection optical system PL is input. As a conseguence,
20 in step 138, the condition is defined in which the target
aberration value shown in step 138 is minimal. Needless
to say, the software can be modified so that main
controller 50 automatically defines and sets the optimum
exposure condition based on the definition. This is
25 Dbecause, for example, the illumination condition can be
changed respectively by selecting a different aperture

stop of the illumination system aperture stop plate 24,

the numerical aperture of the projection optical system



characteristics of a projection optical system Also, the exposure nethod
of the present invention is suitable to formfine patterns on a substrate.
Al so, the exposure apparatus of the present invention is suitable to
perform 20 exposure with the image form ng characteristics of its

proj ection optical system adjusted accurately. Al so, the prograns and
storage nedi um of the present invention Hre suitable for use in the above
exposure apparatus. Furthernore, the device manufacturing nethod of the 25
present invention is suitable to nmanufacture m crodevices. 114 WHAT | S
CLAIMED | S HL 991 ibrageet of sy chidiaiet ef i a1 el ez iy st Hak e whi ch
at |l east one image formng characteristic 5 of a projection optical system
i s measur ed, 2R&F Rt HoWP cohpt? si My b e R RF DS GH v % havef r ont
aberration of_ said, projection optica stemis, neasured, at. aone neasurenent
poi nt at the Preadtd| 4a"1"'i‘\é&i’]ge‘b‘ft}%a‘? Y pr '%riaotrf‘?j’bt]ilc‘ﬁ}t HRIER and a
cal cul ating process in which at |east one targeted i nmage form ng .
characteri sthlpec ?sa%%?%ukf%t%ld‘,’l%%sseu Srbnc%%l%oalnglansﬁorri%agtjb n vé%/eﬁ‘? %hltght
aberratign aéwcgiula%gef@j ke variation table of said targeted i mage form ng 15
characteristic that 1s prepared in advance. 2. The image form ng

characteristics mMmasdiidgs el %,aciq%éj_irg&it&l Aridnd whersld
exposure condition may be used when the operator creates
a process program file (data file for setting exposure
conditions).

10 Next, the method of adjusting the image forming
characteristic of projection optical system PL will be
described which is performed by a service technician of
the exposure apparatus maker or the like, in a
semiconductor manufacturing factory.

15 As a premise, the CD-ROM containing the first
through third programs and the database created in the
manner above is set in drive unit 46, and the first
through third programs are installed in storage unit 42,
along with the database associated with the second

20 program.

When instructions for measuring the wavefront
aberration is input by the service technician or the 1like,
main controller 50 (CPU) transfers the pattern of
measurement reticle Ry onto wafer W for measuring the

25 wavefront aberration at a plurality of (in this case, n)
measurement points in the field of projection optical
system PL in the same procedure as is previously

described (refer to Fig. 8). Wafer W is then developed in



in said calculating process, when said targeted 20 i mage form ng
characteristic include image form ng characteristics of a plurality of
types, said imge form ng characteristics of a plurality of types included
in said targeted inmage form ng characteristic are each cal cul ated, based on
sai d neasuring of wavefront 25 aberration and a Zerni ke variation table for
each of said image formng characteristits® of a plurality of types. 3. The
i mge formng characteristics nmeasuring 115 nmet hod according to Claiml,
said nethod further conprising: a nmaking process in which conditions are
set in orderth® GBRe anFerhekevater df i lors e, dbeskebash Sthaforsest on on a
pattern subject to projection by said projection optical system and said
targeted i neyR299F P hg fé%dﬁ%wf%@%,p%%e@l Znghi e vegffsre t abl e of
said targeted imge forning characteristic that corresponds to information
related to &yt abet ;%‘? B BN e} PlasHE 19° A | $iF bret 3 LS etthit@d to
said projection optical stem and i nformation rel ated to sai iven
aberrati on, IB‘??]BJrXt%ns%?ggﬁe sutt ng prvhs 2 TP NIHEET el Jf%r%?‘ﬂﬂl in

char act er5i st]g,lc(? n@gsuri ng 15 method according to Claim3 wherein said
information refated to said projection optical systemincludes nuneri cal

aper tur ° of cald pplectinle FRIA AR #YStAMndd Gl atd A fR0dl1 14 on. - and
removed from the C/D, and overlay errors are measured
with an external overlay measuring unit (registration
measuring unit) in the areas S;,;. And, based on the

10 results, position errors (positional deviations) of the
resist images of measurement patterns 67,,5 from the
corresponding images of the reference pattern 74; are
calculated.

Then, the data on the positional deviations (Ag, An)

15 in the areas S;,; is input into main controller 50 by the
service technician or the like via input unit 45.
Incidentally, the data on the positional deviations (AE,
An) in the areas S;,; may be input into main controller 50
online from the external overlay measuring unit.

20 In any case, responding to the above input, the CPU
of main controller 50 loads the first program in the main
memory, and based on the positional deviations (Ag, An),
the wavefront (wavefront aberration) for the areas S,,;
corresponding to the first through n'™ measurement point

25 within the field of projection optical system PL, in this
case, the coefficients for each of the terms in the
Zernike polynomial, such as the coefficient Z, of the

second term up to the coefficient 237 of the 37" term of



illTumnation light. 20 5. The inmage form ng characteristics neasuring

nmet hod according to Caim3 wherein in said nmaki ng process, when said
targeted inmage form ng characteristic include inmage form ng 25
characteristics of a plurality of types, a Zernike variation table for each
of said image form ng characteristics of a plurality of types that
correspond to said information rel ated t'¢ aberration is nade. 116 6. The
i mge form ng characteristics nmeasuring nethod according to daiml,

further conprising: a displaying process in which information related 5 to
sai d target dd'g rARFE ¥ ANy EHEradot S tIGRRHAD RS BT dc it ed i s

di splayed. 7. An image form ng characteristics adjusting nethod in which at
| east one i % A HFThar acteristic 10 of a projection optical systemis
adj usted, said metfod COMPIISIs &b AR, MY 4P%hd NWEAENAL | east one

(wavefront aberration) for the first to the ntk
5 measurement point within the field of projection optical
system PL is expressed by a column matrix Q, as in
equation (8):
_R_
PZ
M
Q= A (8)
P

n

In equation (8), the elements P; to P, of matrix Q
are each a column matrix (vector) made up of the

7 terms (Z, to Z37) of

10 coefficients of the second to the 3
the Zernike polynomial.

When matrix Q 1s calculated in the manner above,
main controller 50 then stores the values in the
temporary storing area in the RAM.

15 Next, the CPU in main controller 50 loads the
second program into the main memory from storage unit 42,
and computes the adjustment amount of the movable lenses
13; through 134 previously described in directions of each
degree of freedom, according to the second program.

20 Between data Q of the wavefront (wavefront
aberration) for the first to n'*" measurement points, the

matrix O stored in the CD-ROM as the database, and an

adjustment amounts vector P of the movable lenses 13;



imge formng characteristic is nmeasured using said i mage formng
characteristics neasuring nethod according to 15 Caiml; and an adjusting
process in which said projection optical systemis adjusted based on
results of said neasuring of said targeted inage form ng characteristic. 20
8. The image form ng characteristics adjusting nethod according to Claim?7
wherein said projection optical system i’® structured conprising a plurality
of optical elenents that include a specific optical elenent used for

adj ustment, and 25 adjustnent of said projection optical systemis

per f or med by ﬂé4alﬂaﬁgé?€8lﬁﬁFu@ﬂfnﬁﬁFhaﬁﬁHﬁ?eons£FGG§B@C| fic optical
el ement by conputati on usi a relation expressi on hetween said i mage
forming 1FFIaarc taesrllélltglech%jt Lo e SAURESUY ) s abstier s, and a
target ed adj ust rreg% Lﬂ)nt of said specific optical elenent, a(%

adj usting said sp opt| cal element for adjustnent accordi to said
deci ded targeted 5£na ystment qD i sal doriar anet ecrs denot| ng,a relation

bet ween adj ust nent” o uat speC|f| c optl cal eneit and a SEHE de in imge

form ng ehar i i r0j opt al system 10 9. An inmage
form ng ghar}gag{lgﬁ ﬁleglgen{ag t}?ta%ngl eeqﬁ}aj&:qi%r? Vm]iog)h at | east one inmage
formng characteristic of a projection optical systemconprising a
plurality of optical (gi ments that include a specific optical elenment used
for adjustnent is @a P ed, said nmethod conprising: 15 an obtai ning process
in which at | east joABJR2mage form ng characteristic of said projection
optical systemis obtl\;}i ed, by obtaining information on |ight via said
projection opti@al| system 4ip) one nmeasurenment point at the least in a field
of said projectionl optical system and

M
| ADJm

Therefore, from the above equation (9), by
computing the following equation (11) using the least-
squares method, each of the elements ADJl to ADJm of P,

10  or in other words, adjustment amount (target adjustment
amount) of movable lenses 13; through 13; in directions of
each degree of freedom can be obtained.

P= (0™x 0)7'x 0™ Q. (11)

In equation (11), 0T is the transposed matrix of

15 matrix O and (0OTx O)'1 is the inverse matrix of (0™ 0).

That is, the second program is a program for
performing a least-squares method computation by the
above equation (11l) using the database. Therefore, the
CPU calculates the adjustment amount ADJ1l to ADJm

20 according to the second program while sequentially
reading the database from the CD-ROM into the RAM, and
then shows the adjustment amounts on the screen of

display unit 44 as well as stores the values in storage



20 a deciding process in which a targeted adjustnent anount of said
specific optical elenent is decided by conputation using a relation
expressi on between said inage form ng characteristic that has been
obt ai ned, paraneters, and a targeted adjustnent anount of said 25 specific
optical elenent, said paraneters denoting a relation between adjustnent of
said specific optical elenment and a chan in imge formng characteristics
of said projection optical system 118 10. The inage form ng
characteristics adjusting nmethod according to Claim9, said nethod further
conpri si ng: ¥'%&n ‘bt ai ni ng process in which said parameters are obtai ned,

e Obt ained. 11, AT e RN Ll A GH T CO i et Ty CEOLR hod
For m ng char SEUBHET | oAt b A HeR ST RBYE. Lo T G hcra e ke o o e
_gcaract 1 1C 1 _tale, _ge_or __carce CS Ol a
plurality ofalyees, & o ongl nes ancbin spidh foci gl e PGSO, (a7 ot
Char act of StTEe o o pTrET Ty ol yper (Hal Fave KOB ant a1 medle
paraneters, Rihisd algeded :azgl; YSiRRh amunh gf reatdogpeskfibgcpptical
el enent, said 20 paraneters denoting a rel ati on between adjustnment of said
speci fic optdcgtee! eMefteadmsh A Ghahge ik iopege thiohn AgacRaraghemnigsti cs of
said projection optical system
characteristics correction controller 48 controls the
applied voltage to each of the driving devices that
10 drives movable lenses 13; through 134 in directions of
each degree of freedom, and at least one of a position
and posture of movable lenses 13; through 134 is adjusted
substantially at the same time, correcting the image
forming characteristic of projection optical system PL
15 such as distortion, field curvature, coma, spherical
aberration, and astigmatism. As for coma, spherical
aberration and astigmatism, not only the lower orders but
also the higher orders of the aberration can be corrected.
As is described above, in the embodiment, when
20 adjusting the image forming characteristic of projection
optical system PL, the service technician or the like
only has to input measurement instructions of the
wavefront aberration via input unit 45, or in addition,
input the positional deviations (Af, An) for the areas S,
25 measured by the overlay measuring unit. With this
operation, the image forming characteristic of projection
optical system PL 1s adjusted almost automatically, with

high accuracy.



12. The inmage form ng characteristics adjusting 25 nethod according to
Caim9 wherein said inmage form ng characteristic is a wavefront aberration
expressed in a Zerni ke pol ynonm al . 119 13. The inmge formng
characteristics adjusting nethod according to Caim12 wherein said

rel ati on expression is an equation that includes a weighting function that
perfornms weighting on 5 a coefficient of77any termin coefficients of each
termof said Zerni ke polynom al. 14. An exposure nmethod in which a pattern
formed on a mask is transferred onto a substrate via a projection 10
optical system saitFt@asbsifr &hfetahsy e apratsiany: (1dn radihsstidg prideess in
whi ch at | east one i mage form n&la?éhar acteristic of said projection optical

systemis adfPaePUsiTHPEW i e MEHRhg T HarsRRTG ad s RIEGUS ng

t hod ' t . f dai 7 to 13; 15 and a t f '
o7 o0ess | n VTP LEGH o n T (R PN Ty SR B ng sai d

proj ection as the second program.
5 P= (0"xGx0) "x0TxGxQ. (12)
In equation (12), G is a diagonal matrix with n
rows and n columns as in the following equation, equation

(13):

G= A (13)

L n,n__
In addition, elements A,,; (i=1 through n) of matrix

10 G each are a diagonal matrix with weight parameters & as
the elements. In this case, A,,; is a diagonal matrix with

36 rows and 36 columns expressed as in equation (14):

B T

s 0

4, = A (14)

636,36 i

Therefore, each of elements &j,5 (j=1 through 36) of



optical system whose inmage form ng characteristic is adjusted. 20 15. An
exposure apparatus that transfers a pattern forned on a nask onto a
substrate via a projection optical system said exposure apparatus
conprising: a neasuring unit that neasures wavefront aberration 25 of said
projection optical system said neasuring unit being at |east partly
attachabl e to an exposure apparatus mai n®body i ncluding said projection
optical system and a first conputing unit that calculates at |east one
120 targeted inmage form ng characteristic based on wavefront aberration of
sai d proj ectdFOVpl oAt By tlam MEERWN Yy e Faedsumapnatiar and a

Zerni ke variation table of said targeted imge form ng characteristic. 5
16. The expdlie Rt RUsSSaddst FRf i G s Zes Fhrgrehedscotpring ng: a
storage unit that stores said i ke variation_ table in advance, 10 17.
The exposur & HFPHt atU" dct orithi Efg{tot%ﬂﬂﬁi ﬂ?l%h%%?ﬁ?h@a?ﬂfi%?lﬂ?%% vari ation
table is a Zernike C;[/ariatic%g tabl e of said targeted i.mage for

char act eri sTTE THRT B G bIBOHUE T Tniier It 1 offcen *4 g Ev8RPater FAETon on
exposur e s0f @ SUNEEL PALLENY orl &5 TG SXROHT & APRRLA A0 01 10 1o

Caim217; f er conpri si

results of one or a plurality of measurement points is to
be corrected in particular, the values of the weight
parameters such as 8;,1 and d;,, at the corresponding
measurement points only have to be made heavier than the

10 rest of the weight parameters. In addition, for example,
when spherical aberration (00 component) obtained from the
measurement results of one or a plurality of measurement
points is to be corrected in particular including the
high order component, the mean of weight parameters Jg,s,

15 815,15, 024,24, 035,35, 036,36 at the corresponding measurement
points only has to be made heavier than the mean of the
remaining weight parameters.

In this case, another program that works with the

second program is preferably provided, and the screens

20 for specifying a measurement point and inputting the
weight for each of the terms of the Zernike polynomial
are to be sequentially displayed by the program. With
such an arrangement, the service technician can easily
set the weight parameters described above using input

25 unit 45, by inputting the measurement point when the
screen for specifying the measurement point is displayed
and by inputting the weight of the term of the Zernike

polynomial corresponding to the aberration to be



20 an input unit used to input information of various types including
informati on on said subject pattern, information on said targeted inage
form ng characteristic, information related to said projection optical
system and information on said given aberration; and 25 a second conputi ng
unit that set conditions in order to nmake a Zerni ke variation table based
on said information on said subject patt7e9'n and said targeted i mage form ng
characteristic input via said input unit, 121 and based on infornmation
related to said projection optical systemand information related to said
gi ven aberr £¢orFFHplitlviRe i @ idpuicainier TR e o QorRrgrhaT t

makes a Zerni ke variation table of said 5 targeted |nmage form ng
characteri st?kéet$%?e%r$%%p]dm%t1iwq nfIYE MR YR o ?ngg‘wﬁ'e% aberration on

f said subject pattern. 19. Th . ar at ording t
aaim 18 20 SRETE BE TR reiTOh TH Sred Co Lo a Y oty ofF Ot cal
t i ncl i f i j i t.| cal t
1 U mat i or GOk T R 2ol ShgtHar T CH Rbt o T e 15 20, The
EXpOSUT € sAPRGY &k IS, SECHM NGAL G AN 1D, a%ﬁe%ﬂﬁfh&p@éj'ﬁii g1 & i spl ay

unit which displays information on sal I mage m ng

characteri stigyeal il ajedyby SRidhadd fdis! COPULING WNife QfhSCreen. 21
The exposure apparatus according to C aim 15,
divided into four groups such as 00, 16, 30, and 40 is
preferred. In the latter case, a desired set value can be
input by each 6 group. 00 generically refers to
10 coefficients of the terms of the Zernike polynomial (in
this case, the first and fourth terms are excluded) that
do not include sin or cos (Zg, Zis, Z2s, Z3g, and Z37); 10
generically refers to coefficients of terms (in this case,
the second and third terms are excluded) with sin® or cos0
15 (27, Zgy, Z14y, Z1s, Z23, Zz4, Z34, and Z3s); 20 generically
refers to coefficients of terms with sin20 or cos30 (Zs,
Z¢, 212, Z13, Z21, Z22, Z3z, and Zi3); 30 generically refers
to coefficients of terms with sin30 or cos30 (Zig, Z20, Z30,
and Zs1), and 40 generically refers to coefficients of
20 terms with sind® or cosd40 (Z,s and Zjo).

In the embodiment, as is previously described, main
controller 50 executes the third program and the first
program so that the image forming characteristic
(aberration) of projection optical system PL to be known

25 can be recognized almost automatically, when the operator
or the like sequentially inputs necessary issues via
input unit 45 according to the display on the screen and

inputs instructions to measure the wavefront aberration,



further conprising: an imge form ng characteristics correcting unit 25
that corrects at | east one image form ng characteristic of said projection
optical system based on calculation results of said targeted i mage form ng
characteristic by said first computing unit. 122 22. The exposure
apparatus according to Claim21 wherein said projection optical systemis
structured 5 conprising a plurality of cﬁﬁi cal elenments that include a
specific optical elenment used for adjustnment, and said i nage form ng
characteristics correcting unit has a storage unit in which paranmeters are
stored i n ad¥ante 3¢Ett dhot EPW § iR | B H AW Hdj A gV it 1 s ai d
specific optical elenent and a change in image form ng characteristics of
sai d project f‘}g'ir Bt AT 8 éneahda CRAEHERT &Y dhie QYRR a%Al cul ates a
targeted adjustnment anmpunt of sai d specific o %li cal el enent ,using a

&Jrif daid

rel ation exples¥i o betiken iTREGFTEECon 30 i MH§E 15 F8r-fitng
characteri Stéﬁaf{@% Plagtggecpfc &ﬁé@gf& (?s& dcaofr%e%%L ainsd a targeted

adj ust nent anount of sal speci Tl optl1 Cal™ el enent-.

5 adjusted in the manner previously described by making use
of such arrangement, the service technician or the like
performs the simulation previously described so that the
state of whether the image forming characteristic is
adjusted as planned can be confirmed on the display

10 screen. When the adjustment is not proceeding as planned,
by inputting a plurality of image forming characteristics
as information related to the targeted image forming
characteristic, the image forming characteristic that is
not adjusted as planned can be recognized, therefore,

15 necessary countermeasures can be taken without further
delay.

In this embodiment, other than the maintenance
operation, the operator or the like may also give
instructions to adjust the image forming characteristic

20 of projection optical system PL even during normal
operation. After the operator or the like gives the
predetermined instructions described earlier (including
input of condition setting and input of information
related to the projection optical system), a process

25 similar to the above simulation is performed in the same
manner by the CPU of main controller 50 to create a

similar Zernike variation chart. Then, when the wavefront

aberration is measured and the positional deviation data



23. An exposure apparatus that transfers a pattern 20 fornmed on a nmask onto
a substrate via a projection optical system said exposure apparatus
conprising: said projection optical systemthat conprises a plurality of
optical elenments including a specific optical elenent used for adjustnent;
25 a storage unit in which paranmeters are stored in advance that denotes a
rel ati on between adjustment of said speci¥ic optical elenment and a change
in image form ng characteristics of said projection optical system 123 a
measuring unit that measures at |east one inmage form ng characteristic of
sai d proj ecti®PUbptFleal CBYseenpasai eomeeblehgeUnsedernhip bty | east partly
attachabl e to an exposure apparatus main body | ncluding said projection 5
optical syst@dCahdtas cohput? Rge s t174ee ARGt €32 A ¢ 8 Gt et abf ust ment
amount of sajd specific, optical elenment :ﬁrSi a relatian e;txpress' on between
i'd Eﬂ%a%f‘s €aai9

an actual neRRGrBIRNET ddE ACTERSGr AP s Sy JdiiEt

parameters, and g 40,5 ar get 6. AdSLOPNL  &TPYNE Of - 5318k SROFLIjS oPtical

5 forming characteristic on display unit 44, or with the
display, the CPU may calculate the drive amount of the
movable lenses 13; to 134 in directions of each degree of
freedom so that the targeted aberration is optimal (such
as zero or minimal) according to, for example, the second

10 program by the least squares method in the same manner as
before. This can be achieved by a simple modification of
the software.

Then, the CPU in main controller 50 provides the
instruction values of the calculated drive amount to

15 image forming characteristics correction controller 48.
With this operation, image forming characteristics
correction controller 48 controls the applied pressure to
each of the driving devices that drives movable lenses 13;
through 135 in directions of each degree of freedom, and

20 at least one of a position and posture of movable lenses
13; through 134 is adjusted, correcting the image forming
characteristic of projection optical system PL such as
distortion, field curvature, coma, spherical aberration,
and astigmatism. As for coma, spherical aberration and

25 astigmatism, not only the lower orders but also the
higher orders of the aberration can be corrected.

With exposure apparatus 10 in the embodiment, when

semiconductor devices are manufactured, reticle R for




el ement. 24. The exposure apparatus according to C aim 23, further
conprising: 15 an inmage form ng characteristics adjusting unit that adjusts
at | east one inage form ng characteristic of said projection optical system
by adjusting said specific optical elenent according to said cal cul ated
targeted adjustnent anount. 20 25. The exposure apparatus according to
Claim 23 wherein said measuring unit carB4reasure image forning
characteristics of a plurality of types of said 25 projection optical
system and said conputing unit calculates a targeted adjustnent anount of
sai d specifiappiachlretengme devicea el headed expresstiorc betslekge an act ual
measur enent dat a 124 of said inmage form ng characteristics of a plurality
of types meadRif et b%%a?%lth%]a%uri*rﬁfg HRR | PRIRI P BNEIRI 2 L P S 4EHt get ed
adj ust ment anount of said specific optical ele t, 5 26., The exposure
appar at us ac%%r@?%gr??@%i HEHE i RS T T A Rasthifehar acteri sti ¢
is a vvavefrolgéaaberrati on g&gprﬁgseéjfip a lZerEIQérlﬁg_a é)é)(lz non‘itql%. &QAZ?. The
exposure apparaf%%e%ﬁ%%Td?ng 0 a|%12%lW%erein Sard T8l 4ty on expressi on
iS an equati ' ' ' ' t perforns weightin

quati eanfhgted el ydep 21 VAL NG FUNGLL PO A DRL P ghting

on a coefficient of any termin Ci each term of said Zernike

pol ynomal . 15 28. pé glevd cg, wfﬁé% | P SR DOG § N %L LU dographi ¢

process, wherein in said |ithographic process exposure Is perforned using

sai d exposurenhappaf atis ACLORALNE 194 afYe VL Of i (& ahdBsdPehn7arL0 29. A
programthat makes a control conputer of an exposure apparatus that

transfers a Qattes8e@f 18, NBSK ©X4Mp Be SUDSHA B¢ S VP At En P DH ST d O Pt i cal
system execute a predetern ned process, said program making said control 25
conput er exebai@+open Application No.04-324923 and the corresponding
10 U.S. Patent No. 5,243,195, Furthermore, details on EGA
that follows are disclosed in, for example, Japanese
Patent Application Laid-open No. 61-44429 and the
corresponding U.S. Patent No. 4,780,617. As long as the
national laws in designated states or elected states, to
15 which this international application is applied, permit,
the above disclosures are incorporated herein by
reference.
When the preparatory operations are completed,
exposure based on the step-and-repeat method is performed,
20 similar to the measurement of the wavefront aberration.
However, in this case, the stepping operation is
performed based on the results of wafer alignment with
the stepping in between shots serving as a unit.
Incidentally, because the operation during exposure is
25 not any different from an ordinary stepper, a detailed
description is omitted.
Next, the method of making exposure apparatus 10

will be described.



a condition setting procedure in which conditions are set for making a
Zerni ke variation table in response to an input of information related to
information on a 125 subject pattern and information on a targeted i nmge
form ng characteristic; and a nmaking procedure in which a Zerni ke variation
table of said targeted imge formng characteristic 5 corresponding to
informati on on given aberration on expofifre of said subject pattern is
made, in response to an input of information related to said projection
optical systemand information on said given aberration. 10 30. The program
according to O ai MEY mediidgreggpommreuraipar arald Ag sdild scomtr @il loonput er
execute: a calculating procedure in which said targeted imge formng

char act eri stdilcl WH i P prd) teF lorF Yot a2 SRSt ST ARtdlcatled i n response
to an input of actual 15 nmeasurenent. data of wavefront aberration of said
proj ection SPSRENESyEIRIM2 st Wit lsdi He thFSSTe & SneC™dat a and sai d

Zorniko varl Sl on el otk IS MEIAT BCEPTN0 10 JAln 0, sald
procedur%iIEQ%géH]AHH(¥HQHJ§¥Ef”E€§Héisystem made up of many
mechanical components, are each assembled as units, while
adjustment such as optical adjustment, mechanical
adjustment, and electric adjustment are performed on each
of the units so that a desirable performance can be
10 secured in each unit.

Next, illumination optical system 12 and projection
optical system PL are incorporated into the exposure
apparatus main body, as well as the reticle stage system
and the wafer stage system, and then the wiring and

15 piping are connected.

Then, optical adjustment is performed on
illumination optical system 12 and projection optical
system PL. This is because such optical systems,
especially the image forming characteristic of projection

20 optical system PL, slightly change after being
incorporated into the exposure apparatus main body. In
the embodiment, the first, second, and third programs and
the database previously described can also be used in the
optical adjustment of projection optical system PL which

25 1s performed after projection optical system PL is
installed in the exposure apparatus main body.

As a first method of optically adjusting projection

optical system PL, a worker performing the adjustment



targeted image form ng characteristic that has been cal culated is displayed
on a display unit. 25 32. A program according to Cl aim 30, said program
further nmaking said control conputer execute: an adjusting procedure in

whi ch said projection optical systemis adjusted so that said targeted

i mage 126 form ng characteristic that has been cal cul ated becones
optimal . 33. A program according to O ai%h 30, said program5 further making
said control conputer execute: a making procedure in which said Zernike
variation table is nmade in response to input of different information

rel ated to WY FPricjredtsaorioHt it Wrafadndhapiat iom iaff amelis B Bn sai d
gi ven aberratiqn,]py each 10 different information related to sai

proj ection SRR sPsttet B i éﬁqwrﬁﬁ%gdlﬁeé:ﬁﬂ%ﬁ%ﬁ%&?abgérget ed

|mge Lormng, sharackeriolic slosald gl celion ot el syskemis L

opti cal SyStfHBd€£f§E”¥Hgﬁ%éé%urement results to main controller 50,

5 main controller 50 then performs the processes according
to the first and second program, so that the image
forming characteristic of projection optical system PL is
adjusted as accurately as possible.

Then, for the purpose of confirming the adjustment

10 results, the wavefront aberration of projection optical
system PL is re-measured using measurement reticle Rg
described earlier in the manner and procedure previously
described. Then, by inputting the measurement results of
the wavefront aberration to main controller 50, main

15 controller 50 then performs the processes according to
the first and third program, and shows the astigmatism,
field curvature, and/or a line-width abnormal value
corresponding to coma of projection optical system PL
after the adjustment on the screen. Aberrations that have

20 not been corrected at this stage, mainly the high order
aberrations, can be determined as aberrations that are
difficult to adjust automatically, therefore, attachment
of lenses or the like may be re-adjusted, if necessary.

As a second method of optically adjusting

25 projection optical system PL, when a worker who performs
adjustment in the manufacturing stage inputs instructions
(including input of condition setting and input of

information related to the projection optical system)



i nput of actual neasurenent data of wavefront aberration of said projection
optical system based on said actual neasurenent data and said Zerni ke
variation table; and a deciding procedure in which an optinum exposure 20
condition is decided by finding information related to said projection
optical systemthat makes said targeted inmage form ng characteristic that
has been cal cul ated becone optiml. 25 32 The program according to C aim
33, said programfurther nmaking said control conputer execute: a setting
procedure in which said opti num exposure condition that has been decided is

set. 127 35:kea theogrhimstiman thidess rd Reshtaedi L icdmpdther Sfedidt @24 pr ocess,

sai d program naki sai d control conputer execute: 5 a procedure of

calculatin99¥92ﬁ%§i§ﬁj#ﬁnﬁﬁ¥é§ﬁmﬁrﬁ?&ﬂ%ﬂ%ﬁﬁ(QQQ&qq}Wﬁ e &dti'éh opti ca

systemin response tocfln i nput. of Jjnfarmation rel ate sai d tar%[edted
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wavetyort AUBIEL A0 ALY DR AP st en s on oaic
i mage fogm ng,Ghar aaf erd sidfLsdha i IHERFRL I AMARGRus1y
described using measurement reticle Ry also described
earlier. And, by inputting the measurement results of
wavefront aberration tc main controller 50, the CPU in
main controller 50 performs processing according to the
10 first and third programs previously described, and the
targeted aberration is sequentially calculated. Then,
instruction values on drive amount of movable lenses 13;
to 134 in directions of each degree of freedom are given
to image forming characteristics correction controller 48
15 that optimizes (zero or minimal) such targeted aberration.
With this operation, image forming characteristics
correction controller 48 adjusts the targeted image
forming characteristic of projection optical system PL
such as distortion, field curvature, coma, spherical
20 aberration, and astigmatism, with as much precision as
possible.

Then, for the purpose of confirming the adjustment
results, the simulation referred to earlier is performed
again and astigmatism, field curvature, a line-width

25 abnormal value corresponding to coma, and the like of
projection optical system PL that has been adjusted is
displayed on screen. The aberrations that are not

corrected at this point, mainly high order aberration,



36. The program according to C aim35, said program 15 further nmaking said
control conputer execute: a displaying procedure in which information on
said targeted imge form ng characteristic that has been calculated is

di spl ayed on a display unit. 20 37. The program according to Caim 35, said
program further making said control conputer execute: an adjusting
procedure in which said projection optic%ﬁ systemis adjusted so that said
targeted inmage form ng characteristic that has been cal cul ated becones 25
optimal. 38. A programthat nmakes a control conputer of an exposure

appar at us t ha@"tPanst@yed a2patkerrbion ¢hbkiculipgtomeiwskubstrate via a
projection optical systemexecute a predeterm ned process, said program
maki ng said %E?IP%P%%HMI erDeketet e BNeal uF a2 F PRI BceHuree i Fewhi ch a
targeted 5 adj ustpent, gm)unt of said projection optical systemis

cal cul ated i 707 eSpoRstl tRGRSFAPUt of actual neasurenent data of inmge

formng characteristics_ of said projgction optical st using a relation
expr essi on bet vveenwc‘% i o aci?ﬁa]fe%s% ‘{Jf%%%ﬁc%a?%n%?t is%ag(gbrgao]rr?ﬁ#:geven
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adj ust ment anount of sard projection optical system saird paraneters
denoting a relatlonnbet Neen @S’Jb’étﬁg[%‘io,és;§édi doPrPéﬁgééé’cﬁ‘, opt CAlgedystem

and a change in imge form ng characteristics of said projection optical
system 15 +to simplify the reprocessing of the optical elements of
projection optical system PL, the wavefront aberration
referred to earlier may be measured using a wavefront
10 measurement unit or the like specified for wavefront
measurement before incorporating projection optical
system PL into the exposure apparatus main body, and
based on the measurement results, whether or not there
are optical elements that require reprocessing and its
15 position can be identified. Then, the reprocessing of the
identified optical element and the readjustment of the
other optical elements may be performed in parallel.
In addition, the optical elements of projection
optical system PL may be replaced per unit, or when the
20 projection optical system has a plurality of lens barrels,
they may be replaced per barrel. Furthermore, when
reprocessing the optical device, its surface may be
processed non-spherically, if necessary. In addition,
when adjusting projection optical system PL the position
25 (including the spacing between other optical elements) or
inclination may simply be changed, or especially when the
optical element is a lens element, its eccentricity may

be changed or it may be rotated around optical axis AX.



39. The program according to C aim 38, said programfurther making said
control conputer execute: a displaying procedure in which information on
said targeted adjustnment anount that has been calculated is 20 displayed on
a display unit. 40. The program according to Caim 38, said program further
maki ng said control conputer execute: an adjusting procedure in which said
projection 25 optical systemis adjustedybased on said target adjustnent
anount that has been cal culated. 41. The program according to C ai m 38
wherein 129 said paraneters are paranmeters denoting a relation between

adj ust nent of a speTi CGHta dald B EHRRN use Forasadhpdtiefal hat

structures said projection optical system and a change in said inmage

form ng char%‘ﬁ%&r%&%?%s&}ngn %r%%ﬁft‘éef’g&lje%ﬁtdo‘f@stﬁrﬁu%ﬁﬁﬁﬂ i s an anount
of said specifig optical, el enent that .needs to be adjusted. 42. The program
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wavef r ont a@9£§ i - ed. i | ke ynom al . 43. The, program
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of any termin coefficients of edch term of said Zerni ke pol ynom al .
system PL whose optical properties have been adjusted
with high precision can be made. The exposure apparatus
is preferably built in a clean room where the temperature
and the degree of cleanliness are controlled.

10 As 1s obvious from the description so far, in the
embodiment, main controller 50 constitutes a computing
unit; the first computing unit and the second computing
unit, and main controller 50 and image forming
characteristics correction controller 48 constitutes an

15 image forming characteristics adjusting unit. Furthermore,
the measurement reticle Ry, the external overlay measuring
unit, and main controller 50 make up a measuring unit for
measuring the wavefront aberration of projection optical
system PL.

20 As has been described in detail, according to the
exposure apparatus in the embodiment, when the measuring
unit (such as Ry and 50) measures the wavefront aberration
of projection optical system PL according to instructions
from the operator, and main controller 50 calculates the

25 targeted image forming characteristic of projection
optical system PL, based on the wavefront aberration of
projection optical system PL which has been measured and

the Zernike variation table of the targeted image forming



44. The program according to Caim 38, said programfurther making said
control conputer execute: 20 a condition setting procedure in which
conditions are set for naking a Zernike variation table in response to an
input of information related to information on a subject pattern and an
input of information on a targeted image form ng characteristic; 25 a
maki ng procedure in which a Zernike vari®®ion table of said targeted i mage
form ng characteristic corresponding to information on aberration is made,
in response to an input of information related to said 130 projection
optical systeRfERECEH BOF Hat FORT BFPANGI RNt AbER? atboRrakkena cal cul ating
procedure in,m@ich said targeted inaﬁg formng characteristic is cal cul ated
in response tON8TAATT APUTIBFN Akl T a%ﬁ?éﬁ%ﬁtpﬂ%z%?%fwﬁﬁé%¥9Qﬁﬁd-
aberration of said projection. optical_syste ased on sai d neasurenent
data and sai %YZ%?Jnri“Ee%%r‘%‘%W%)ﬁgt\é%ﬁ”e.t% ! g\;’}ﬂf%gjr%n?%%c‘ﬁ?%ﬁ%ﬁ tg_ a Fti m 44,
sai d progra e i i nt ol conputer. execute: a displaying
procegure i r@%ﬁ?%#%%f%ﬁ)%&gi gﬁh%ﬁt’g%?%t%%r%né?%% #I%%Jen? orm ng
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of the wavefront aberration. In this case, in the
measuring, as for spherical aberration, astigmatism, and
coma, not only the low order aberration, but also a total
aberration including the high order aberration can be

10 calculated.

In addition, since the targeted image forming
characteristic is corrected as much as possible by image
forming characteristics adjusting unit (48 and 50) based
on the calculation results of the targeted aberration

15 (image forming characteristic), the image forming
characteristic of projection optical system PL is
consequently adjusted according to the subject pattern.

In addition, according to exposure apparatus 10 in
the embodiment, parameters that denote a relationship

20 between the adjustment of specific optical elements for
adjustment (movable lenses 13; through 13;) and the
variation of the image forming characteristic of
projection optical system PL are obtained in advance, and
the parameters are stored as a database in storage unit

25 42. And, based on instructions from the service
technician or the like on adjustment, the wavefront
aberration of projection optical system PL is actually

measured, and then when the measurement data (actual



15 46. A program according to C aim44, said programfurther making said
control conputer execute: a converting procedure in which informtion
obtained on light via said projection optical system at one neasurenent
point at the least in a field of said 20 projection optical systemis
converted into actual neasurenent data of said wavefront aberration of said
projection optical system 47) An i nforrlion storage nediumthat can be
read 25 by a conputer in which a program according to any one of clainms 29
to 46 is recorded. 48. A nmking nethod of an exposure apparatus that 131
transfers a PeRTEFAMIT ek bht REGUPST rRM i WL pfd) erdin opti cal

t id makin hod, coppri sing: an adj ustjng process in which said
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(equation(ll) or equation(12)). Because the above
parameters are obtained in advance and stored in storage
unit 42, when the wavefront aberration is actually

10 measured, the target adjustment amount of the movable
lenses 13; through 134 for correcting the wavefront
aberration can be easily calculated by simply inputting
the actual measurement values of the wavefront aberration
via input unit 45. In this case, data that are difficult

15 to obtain, such as the design data of the lenses are not
nhecessary, as well as a difficult ray-tracing calculation.

Then, the target adjustment amount is given as

instruction values to image forming characteristics
correction controller 48 from main controller 50, and

20 image forming characteristics correction controller 48
adjusts movable lenses 13; through 13; according to the
target adjustment amount, performing a simple but highly
precise adjustment on the image forming characteristic of
projection optical system PL.

25 In addition, according to exposure apparatus 10 in
the embodiment, when exposure is preformed, because the
pattern of reticle R is transferred onto wafer W via

projection optical system PL whose image forming
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information on the projection optical system, and the
information on the aberration that is to be given, and
from these variation tables a database may be made, which
may be stored in the CD~ROM along with the first and
9 second programs.
When the database made up of the Zernike variation
table of various types described above is made in advance,
a program (hereinafter called “the fourth program” for
the sake of convenience) is to be prepared, which is a
10 simplified program of the third program to make the CPU
in main controller 50 perform the computation previously
described using a corresponding Zernike variation table
in response to the input of the measurement results of
the wavefront aberration and setting conditions and to
15 make the CPU immediately calculate and display the
targeted aberration. The fourth program is to be stored
in the above CD-ROM.
Then, on simulation, the first and fourth programs
in the CD-ROM are installed on the storage unit 42, and
20 at the same time the database consisting of the Zernike
variation table is copied to the storage unit 42. Or,
only the first and fourth programs in the CD-ROM may be
installed on the storage unit 42 and the CD-ROM may be
left in drive unit 46. In the latter case, on simulation,
25 main controller 50 is to read the database of the Zernike
variation table from the CD-ROM when necessary. In this

case, the CD-ROM set inside drive unit 46 makes up the

storage unit. This can be accomplished, by modifying the
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measurement results. However, the present invention is

10 not limited to this. For example, the image forming
characteristics of the projection optical system subject
to adjustment may be individual image forming
characteristics, such as coma or distortion. In this case,
for example, a relationship between the unit quantity

15 adjustment amount of the specific optical elements for
adjustment in directions of each degree of freedom and
the variation amount of the individual image forming
characteristics such as coma or distortion is obtained by
simulation, and based on the results, parameters denoting

20 the relationship between the adjustment of the specific
optical element and the change in the image forming
characteristics of the projection optical system is
obtained, and then a database is made by the parameters.
Then, when actually adjusting the image forming

25 characteristics of the projection optical system, by
obtaining coma (or a line-width abnormal value),

distortion, or the like of the projection optical system

using, for example, the exposing method or aerial image
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5 relation equation between the image forming
characteristics that has been obtained, the parameters,
and the target adjustment amount of the specific optical
element (such relation expression is to be prepared in
advance) .
10 In addition, in the above embodiment, the case has
been described where the wavefront aberration of
projection optical system PL is measured using a
measurement reticle. The present invention, however, is
not limited to this, and the measurement of the wavefront
15 aberration may be performed on body using a portable
wavefront aberration measuring unit that is detachable to
wafer stage WST. As such a wavefront aberration measuring
unit, a wavefront aberration measuring unit 80 based on
the Shack-Hartmann method that uses a microlens array in
20 its photodetection optical system may be used, as is
shown in Fig. 10.

Details such as the structure of wavefront
aberration measuring unit 80 will now be briefly
described. As is shown in Fig. 10, wavefront aberration

25 measuring unit 80 comprises a housing 82 whose inner
space has an L-shaped cross section in an YZ plane, a
photodetection optical system 84, which is composed of a

plurality of optical elements arranged in a predetermined
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end portion in the +Z direction), an opening 82a that has
a circular shape when in a planar view is formed so that
the light from above housing 82 will be guided into the
10 inner space of housing 82. In addition, a cover glass 88
is provided so as to cover opening 82a from the inside of
housing 82. On the upper surface of cover glass 88, a
light shielding membrane that has a circular opening in
the center is formed by vapor deposition of metal such as
15 chrome, which shields unnecessary light from entering
photodetection optical system 84 when the wavefront
aberration of projection optical system PL is measured.
Photodetection optical system 84 is made up of an
objective lens 84a, a relay lens 84b, and a deflecting
20 mirror 84c, which are sequentially arranged from under
cover glass 88 inside housing 82 in a downward direction,
and a collimator lens 84d and a microlens array 84e,
which are sequentially arranged on the +Y side of
deflecting mirror 84c. Deflecting mirror 84c is provided
25 having an inclination of 45°, and by deflecting mirror 84c,
the optical path of the light entering the objective lens
84a from above in a downward vertical direction 1is

deflected toward the collimator lens 84d. Each of the
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shape on a plane perpendicular to the optical path.

Photodetection portion 86 is made up of parts like
a photodetection element such as a two-dimensional CCD,
and an electric circuit such as a charge transport

10 controlling circuit. The photodetection element has an
area large enough to receive all the beams that have
entered objective lens 84a and are outgoing microlens
array 84e. The measurement data of photodetection portion
86 is output to main controller 50 via a signal line (not

15 shown) .

Next, the measuring method of wavefront aberration
using wavefront aberration measuring unit 80 will be
described. 1In the following description, for the sake of
simplicity, the aberration of photodetection optical

20 system 84 in wavefront aberration measuring unit 80 is to
be small enough so that it can be ignored.

First of all, on normal exposure, because wavefront
aberration measuring unit 80 is detached from Z tilt
stage 58, the operator performs the operation of

25 attaching wavefront aberration measuring unit 80 to the
side surface of Z tilt stage 58 when wavefront
measurement is performed. On such attachment operation,

wavefront aberration measuring unit 80 is fixed to a
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via wafer stage drive portion 56 so that wavefront
10 aberration measuring unit 80 is positioned below the
alignment system referred to earlier based on the off-
axis method. Then, main controller 50 detects alignment
marks (not shown) provided on wavefront aberration
measuring unit 80 with the alignment system, and based on
15 the detection results and the measurement values of laser
interferometer 54W at that point, calculates the position
coordinates of the alignment marks and obtains the
accurate position of wavefront aberration measuring unit
80. Then, after the position of the wavefront aberration
20 measuring unit 80 is measured, the wavefront aberration
is measured in the following manner, with main controller
50 playing the main role.
First of all, main controller 50 loads a
measurement reticle (not shown) on which pinhole patterns
25 are formed (hereinafter referred to as a ‘pinhole
reticle’ in order to distinguish it from measurement
reticle Rr previously described) with a reticle loader

(not shown) on reticle stage RST. This measurement



1000!}-"10%00& ()-!-"10%& ()-nm'10% o0& ()- !'m10%& ()- ?ndEMP1l! &

109% 109%4&' () - ymLlO%H&' () - 10%H&' () - yml0%i&' () -- 10%4& () -fyl0%i& () - AudENPL! &
10% f1094& () -y 10%& ()-10%4& ()-, 10%4& ()-LS10%4& () -10%4& () - CzSAEMP1! &
10% 10%44& () -, y109%4&' ()-9* 109K ()- Y(10%H&' ()-y& 10%1& () - $S10%& () - S;
KAdEMPL! &
10@@9910%H&'()-Y?lO%H&'()-y510%H&f()-3gfﬁ@$&f()-1@&0%H&f()-/10%H&f()-k

n~\ =l & 109" ()-g! ?y! 10%& ()-g!y! 10%5& ()-99y109%& ()- 10H 10H 10H

10%4&' () - ~z[ 9~ \—"&-'10%p5p5&'() &L 109& () -!y&Lnt 0@65f5&f()-'t&Lnf 10%anma
m& ()-ni'1 O@%??SlquﬂQRﬁ@Hﬁﬂh? 1ﬁqﬂw@§ becdme 1deal point light

Loyy! &1 109 a'er%?i’%&eé%n% SR 91 1B e ()Y T ATk () -

1 n * _ ! Yl 0, ! -
gﬁég/??)()log}@%%m%&%g a_?gl 10908 () OF" ) -9BquVT! ! yT 9710 & (Q SY10% & ()

SY10% & () - YA T “?Yt‘i% S 19T o PO T (TOW S (SSION S (SoyS10% &
()-#9! 10 & (] fﬂ;%@rft( -eGJEUV7! ! yf 9751 * 10 & () -310% & () - y210%&'() y&0
10% & ()-yF. 10% & 10% & ()-2bCl ! yf 9@0% 0& ()-10% 0& ()- 10\ 10\

In the pinhole reticle used in this case, for
example, a diffusion plate is provided on its upper
surface so that the wavefront of the beams passing
through all the numerical apertures of projection optical

10 system PL can be obtained, that is, the wavefront
aberration covering all the numerical apertures of
projection optical system PL are measured.

After the pinhole reticle is loaded, main
controller 50 detects reticle alignment marks formed on

15 the pinhole reticle using the reticle alignment
microscope described earlier, and based on the detection
results, aligns the pinhole reticle at a predetermined
position. With this operation, the center of the pinhole
reticle is substantially made to coincide with the

20 optical axis of projection optical system PL.

Then, main controller 50 gives control information
TS to light source 16 so as to make it start emitting the
laser beam. With this operation, illumination light EL
from illumination optical system 12 is irradiated on the

25 pinhole reticle. Then, the beams outgoing from the
plurality of pinholes on the pinhole reticle are
condensed on the image plane via projection optical

system PL, and the images of the pinholes are formed on
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image of a pinhole on the pinhole reticle (hereinafter
referred to as ‘focused pinhole’) is formed, while
monitoring the measurement values of wafer laser
interferometer 54W. On such operation, based on the
10 detection results of the focal point position detection
system previously described, main controller 50 finely
moves wafer stage WST in the Z-axis direction via wafer
stage drive portion 56 so that the upper surface of cover
glass 88 of wavefront-aberration measuring unit 80
15 coincides with the image plane on which the pinhole
images are formed. When wafer stage WST is being finely
moved, the angle of inclination is also adjusted if
necessary. In this manner, the imaging beam of the
focused pinhole enters photodetection optical system 84
20 via the opening in the center of cover glass 88, and is
photodetected by the photodetection elements making up
the photodetection portion 86.
More particularly, from the focused pinhole on the
pinhole reticle, a spherical wave 1s generated which
25 Dbecomes parallel beams via projection optical system PL
and objective lens 84a, relay lens 84b, mirror 84c, and
collimator lens 84d that make up the photodetection

optical system 84 and irradiate microlens array 84e. With
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5 on the photodetection surface of the photodetection
element, and the images of the pinholes are respectively
formed on the photodetection surface.
In this case, when projection optical system PL is
an ideal optical system that does not have any wavefront
10 aberration, the wavefront in the pupil plane of
projection optical system PL becomes an ideal shape (in
this case, a planar surface), and as a consequence, the
parallel beams incident on microlens array 84e is
supposed to be a plane wave that has an ideal wavefront.
15 1In this case, as is shown in Fig. 11A, a spot image
(hereinafter also referred to as a ‘spot’) is formed at a
position on the optical axis of each lens element that
make up microlens array 84e.
However, in projection optical system PL, because
20 there normally is wavefront aberration, the wavefront of
the parallel beams incident on microlens array 84e shifts
from the ideal wavefront, and corresponding to the shift,
that is, the inclination of the wavefront with respect to
the ideal wavefront, the image forming position of each
25 spot shifts from the position on the optical axis of each
lens element of microlens array 84e, as is shown in Fig.
11B. In this case, the positional deviation of each spot

from its reference point (the position on the optical
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When all the necessary measurement has been
completed, in the RAM of main controller 50, data on the
positional deviation (A&, An) of each pinhole image at the
5 image forming point previously described and the
coordinate data of each image forming point (the
measurement values of laser interferometer 54W (Xi, Yi)
when performing measurement the image forming point of
each pinhole image) are stored.
10 Then, main controller 50 calculates the wavefront
data (the coefficients of each term of the Zernike
polynomial), based on the positional deviation (A, An) of
the image forming points of the pinhole images stored in
the RAM that corresponds to the inclination of the
15 wavefront on the pupil surface of projection optical
system PL, using a different conversion program similar
to the first program, which was previously described. The
reason for stating ‘similar to the first program’ 1is
because, when wavefront aberration measuring unit 80
20 described earlier is used, a program different from the
first program is normally prepared that converts the
positional deviation amount of the image forming point of
the spot images that are measured into coefficients of
each term of the Zernike polynomial.
25 As 1is obvious from the description so far, when the
wavefront aberration is measured using wavefront

aberration measuring unit 80, wafer development or the

like will not be required, therefore, reduction of the
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to perform a so-called self-measurement in a state where

5 wavefront aberration measuring unit 80 is attached to
wafer stage WST. Then, by performing a process according
to a procedure similar to the above embodiment, main
controller 50 can calculate and display the targeted
aberration (image forming characteristics), and

10 furthermore, automatically perform adjustment of the
image forming characteristic of projection optical system
PL.

In the above embodiment, the case has been

described where the first program, which converts the

15 positional deviation amount measured using measurement
reticle Ry into coefficients of each term of the Zernike
polynomial, the second program, which computes the
adjustment amount of the image forming characteristics
based on the coefficients of each term of the Zernike

20 polynomial that were converted in the first program, the
third program, which converts the coefficients of each
term of the Zernike polynomial converted in the first
program into various aberrations (including index of such
aberrations), and the database that goes with the second

25 program, are all packaged in a single CD-ROM. Such a
packaging, however, is not a mandatory. That is, the
first program, the second program (and its database), and

the third program are programs that have different
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targeted image forming characteristic, information on the
projection optical system, and information on a given

10 aberration from an input unit such as a keyboard into a
computer that has such a program installed, the Zernike
variation table of the targeted image forming
characteristic is made. Accordingly, the database
consisting of the Zernike variation table made in the

15 manner above can be suitably used in other exposure
apparatus as is previously described.

For example, when the wavefront aberration
measuring unit referred to earlier is used, a program
different from the first program is normally prepared

20 that converts the positional deviation amount of the
image forming point of the spot images that are measured
into coefficients of each term of the Zernike polynomial,
and even when the second program and its database, and
the third program are combined with such a conversion

25 program, it is obvious that the second program and its
database, and the third program can sufficiently show
their capability.

In addition, especially with the second program and
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5 and adjustment on the exposure apparatus the image
forming characteristics of the projection optical system
need to be adjusted, whereas, the purpose of the latter
is to perform a simulation to confirm whether the
targeted image forming characteristic of the projection
10 optical system is sufficient enough when the operator or
the like of the exposure apparatus in a semiconductor
manufacturing site exposes a subject pattern. When taking
into consideration such differences in their purposes, in
the case the second program and its database and the
15 third program are in the same software package as in the
above embodiment, for example, two types of passwords is
settable. In such a case, the second and third program
may be supplied as a different information storage medium
such as a firmware, and only the database may be recorded
20 1in a storage medium such as the CD-ROM.

In addition, in the above embodiment, on the
adjustment of the image forming characteristic of
projection optical system PL, the first to third program
was installed on storage unit 42 from the CD-ROM, and the

25 database was copied to storage unit 42. The present
invention, however, is not limited to this, and so long
as only the first to third programs are installed on

storage unit 42 from the CD-ROM, the database does not
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5 corresponding to the unit drive amount of movable lenses
13; to 134 in directions of each degree of freedom.
However, the present invention is not limited to this,
and in cases such as when a part of the lens making up
projection optical system PL can be easily exchanged,

10 parameters that show the change of the image forming
characteristics corresponding to the thickness of the
lens may be included. In such a case, the optimal lens
thickness is to be calculated as the target adjustment
amount. Besides such parameters, the database may include

15 parameters that show the change of the image forming
characteristics corresponding to the reticle rotation. 1In
this case, for example, when reticle R rotates as is
shown in Fig. 2F, such rotation may be in a + (positive)
direction, and the unit rotation amount may be 0.1

20 degrees. In this case, according to the calculated
reticle rotation, for example, only at least one of
reticle stage RST and wafer stage WST has to be rotated.
And, other than such parameters, details whose change
affects the image forming characteristics of the

25 projection optical system and is also adjustable can also
be included in the database, such as center wavelength of
the illumination light, or the position of the reticle or

the like in the optical axis direction.
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In addition, in the above embodiment, the case has
been described where main controller 50 automatically
adjusts the image forming characteristics of the
projection optical system PL via image forming

5 characteristics correction controller 48, based on the
target adjustment amount of the specific optical elements
computed according to the second program or the targeted
aberration amounts computed according to the third
program. However, the present invention is not limited to

10 this, and the image forming characteristic of projection
optical system PL may be adjusted manually by an operator
or via an operation. In such a case, the second program
or the third program can be effectively used not only in
the adjustment stage, but also in the manufacturing stage,

15 which allows production of a projection optical system
whose image forming characteristics are adjusted.

In the above embodiment, the case has been
described where reference patterns are provided on
measurement reticle Ry along with measurement patterns,

20 however, the reference patterns do not have to be
provided on the measurement reticle masks (measurement
reticle Rr in the case of the above embodiment) for
measuring optical properties. That is, the reference
patterns may be provided on a different mask, or the

25 reference patterns may not be provided on the mask side
but be provided on the substrate (wafer) side instead.

More particularly, a reference wafer on which the

reference patterns are formed in advance in a size
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corresponding to the projection magnification can be used,

and by coating a resist on the reference wafer,

transferring the measurement patterns on the resist layer,

and developing the patterns, and then by measuring the
positional deviating between the resist image of the
measurement pattern that can be obtained after
development and the reference marks, substantially the
same measurement as in the above embodiment can be
performed.

In addition, in the above embodiment, after the
measurement pattern and the reference pattern has been
transferred onto wafer W, the wavefront aberration of
projection optical system PL was calculated based on the
measurement results of the resist image that was obtained
by developing the wafer. The present invention, however,
is not limited to this, and the projection image (aerial
image) or the measurement pattern can be projected on the
wafer and the projected image (aerial image) may be
measured using an aerial image measuring unit, or the
latent images of the measurement patterns and the
reference patterns formed on the resist layer or images
that are obtained by wafer etching may be measured. In
such cases, as long as the positional deviation of the
measurement patterns from the reference position (such as
the designed projection position of the measurement
pattern) are measured, the wavefront aberration of the
projection optical system can be measured in the

procedure similar to the above embodiment based on the

| -~ Z"10%08& ()-!tRZ"10%& () -
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measuremént pattern onto the wafer, a reference 'wafer on
which the reference pattern is already formed may be
prepared in advance, and the reference pattern may be
5 transferred onto its resist layer and the positional
deviation measured, or an aerial image measuring unit
that has a plurality of apertures corresponding to the
measurement patterns may be used to measure the
positional deviation between the apertures and the

10 reference pattern. Furthermore, in the above embodiment,
the positional deviation previously described was
measured using an overlay measuring unit, however, other
units may be used, such as for example, an alignment
sensor provided in the exposure apparatus.

15 In addition, in the above embodiment, the
coefficients of the terms of the Zernike polynomial were
used up to the 37" term, however, the 38™ term and higher
terms may be used, such as using the terms up to the 81°F
term so that the high order component of each aberration

20 of projection optical system PL may be calculated. That
is, the number of terms or the numbers used in the
Zernike polynomial may be any number. Furthermore,
because the aberration of projection optical system PL
may be positively generated depending on the illumination

25 conditions or the like, in the above embodiment, the
optical elements of projection optical system PL may be

adjusted so that the targeted aberration becomes a

predetermined value, in addition to the targeted
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Furthermore, in the above embodiment, a service
technician performed the installation of the programs
5 previously described. However, for example, the programs
may be installed in a server connected through the
Internet or the like to a host computer that totally
controls manufacturing equipment such as exposure
apparatus or a manufacturing line including a large
10 number of manufacturing equipment, or the programs may be
installed in the exposure apparatus. In this case, the
operator may enter the pattern information, or the
exposure apparatus may be made to obtain the pattern
information by reading a bar code or a two dimensional
15 code of a reticle on which the pattern to be transferred
onto a wafer is formed, so that the exposure apparatus or
the server can automatically perform the making of the
Zernike variation table described earlier, deciding the
optimum exposure condition (conditions such as
20 illumination condition and the numerical apertures of
projection optical system PL), and adjusting the image
forming characteristic of projection optical system PL,
without any intervening by the operator or the service
technician. On such automation, when, for example, the
25 measurement reticle described earlier is used when
measuring the wavefront aberration, the alignment system

of the exposure apparatus may detect the positional

deviation of the latent images of the measurement pattern
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wavefront aberration measuring unit 80 to wafer stage WST,
5 however, for example, a carriage system (such as a wafer
loader) that performs wafer or wafer holder exchange may
be used to automatically carry wavefront aberration
measuring unit 80.
In the above embodiment, the case has been
10 described where the present invention has been applied to
a stepper, however, the present invention is not limited
to this, and the present invention can also be suitably
applied to a scanning type exposure apparatus like the
one disclosed in, for example, United States Patent No.
15 5,473,410 that transfers a pattern of a mask onto a
substrate while synchronously moving the mask and the
substrate.
The use of the exposure apparatus is not limited
only to the exposure apparatus for manufacturing
20 semiconductor devices, but the present invention can also
be widely applied to an exposure apparatus for
transferring a liquid crystal display device pattern onto
a rectangular glass plate and an exposure apparatus for
producing thin-film magnetic heads, micromachines, DNA
25 chips, and the like. Furthermore, the present invention
can be applied not only to an exposure apparatus for
producing microdevices such as semiconductor devices, but

can also be applied to an exposure apparatus that
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wafer to produce a mask or reticle used in a light
exposure apparatus, an EUV exposure apparatus, an X-ray
exposure apparatus, an electron-beam exposure apparatus,

5 and the like.

In addition, the light source of the exposure
apparatus in the above embodiment is not limited to an
ultraviolet pulse light source such as an F; laser, an ArF
excimer laser, or a KrF excimer laser, and an ultra-high

10 pressure mercury lamp emitting an emission line such as
g-line (a wavelength of 436nm) or i-line (a wavelength of

365nm) can also be used.

In addition, a harmonic wave may be used that is

obtalned by amplifying a single~wavelength laser beam in

15 the infrared or visible range emitted by a DFB
semiconductor laser or fiber laser, with a fiber
amplifier doped with, for example, erbium (or both erbium
and ytteribium), and by converting the wavelength into
ultraviolet light using a nonlinear optical crystal. Also,

20 the magnification of the projection optical system is not
limited to a reduction system, and an equal magnification
or a magnifying system may be used. Furthermore, the
projection optical system is not limited to a refraction
system, and a catadioptric system that has reflection

25 optical elements and refraction optical elements may be
used as well as a reflection system that uses only
reflection optical elements. When the catadioptric system

or the reflection system is used as projection optical
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projection optical system are adjusted by changing the
position or the like of the reflection optical elements
(such as a concave mirror or a reflection mirror) that

5 serve as the specific optical elements previously
described. 1In addition, when the F,; laser beam, the Ar;
laser beam, the EUV light, or the like is used as
illumination light EL, projection optical system PL can
be a total reflection system that has only reflection

10 optical elements. However, when the Ar, laser beam, the
EUV light, or the like is used, reticle R also needs to
be a reflective type reticle.

Incidentally, semiconductor devices are made

undergoing the following steps: a device

15 function/performance designing step, a reticle making
step where a reticle is made based on the designing step,
a wafer making step where a wafer is made from silicon
material, a transferring step where the pattern of the
reticle is transferred onto the wafer by the exposure

20 apparatus in the embodiment, a device assembly step
(including the dicing process, bonding process, and
packaging process), and an inspection step. According to
the device manufacturing method, because exposure is
performed in a lithographic process using the exposure

25 apparatus in the above embodiment, the pattern of reticle
R is transferred onto wafer W via projection optical
system PL whose image forming characteristics are

adjusted according to a subject pattern, or whose image
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based on the measurement results of the wavefront
aberration, and therefore it is possible to transfer the
detailed pattern onto wafer W with high overlay accuracy.

5 Accordingly, the yield of the devices as final products
is improved, which makes it possible to improve its

productivity.

INDUSTRIAL APPLICABILITY

10 As is described above, the image forming
characteristics measuring method of the present invention
is suitable to measure the targeted image forming
characteristic of a projection optical system. Alsc, the
image forming characteristics adjusting method of the

15 present invention is suitable to adjust the image forming
characteristics of a projection optical system. Also, the
exposure method of the present invention is suitable to
form fine patterns on a substrate. Also, the exposure
apparatus of the present invention is suitable to perform

20 exposure with the image forming characteristics of its
projection optical system adjusted accurately. Also, the
programs and storage medium of the present invention are
suitable for use in the above exposure apparatus.
Furthermore, the device manufacturing method of the

25 present invention is suitable to manufacture microdevices.
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1. An image forming characteristics measuring

method in which at least one image forming characteristic
5 of a projection optical system is measured, said method
comprising:

a measuring process in which wavefront aberration
of said projection optical system is measured at one
measurement point at the least in a field of said

10 projection optical system; and

a calculating process in which at least one
targeted image forming characteristic is calculated,
based on said measuring of wavefront aberration and a
Zernike variation table of said targeted image forming

15 characteristic that is prepared in advance.

2. The image forming characteristics measuring
method according to Claim 1 wherein
in said calculating process, when said targeted
20 image forming characteristic include image forming
characteristics of a plurality of types, said image
forming characteristics of a plurality of types included
in said targeted image forming characteristic are each
calculated, based on said measuring of wavefront
25 aberration and a Zernike variation table for each of said

image forming characteristics of a plurality of types.

3. The image forming characteristics measuring
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5 information on a pattern subject to projection by said
projection optical system and said targeted image forming
characteristic, and a Zernike variation table of said
targeted image forming characteristic that corresponds to
information related to a given aberration is made, based

10 on information related to said projection optical system
and information related to said given aberration, prior

to said measuring process.

4. The image forming characteristics measuring
15 method according to Claim 3 wherein
said information related to said projection optical
system includes numerical aperture of said projection
optical system, illumination condition, and wavelength of
illumination light.
20
5. The image forming characteristics measuring
method according to Claim 3 wherein
in said making process, when said targeted image
forming characteristic include image forming
25 characteristics of a plurality of types, a Zernike
variation table for each of said image forming
characteristics of a plurality of types that correspond

to said information related to aberration is made.
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6. The image forming characteristics measuring
method according to Claim 1, further comprising:
a displaying process in which information related
5 to said targeted image forming characteristic that has

been calculated is displayed.

7. An image forming characteristics adjusting

method in which at least one image forming characteristic
10 of a projection optical system is adjusted, said method
comprising:

a measuring process in which at least one targeted
image forming characteristic is measured using said image
forming characteristics measuring method according to

15 Claim 1; and

an adjusting process in which said projection

optical system is adjusted based on results of said

measuring of said targeted image forming characteristic.

20 8. The image forming characteristics adjusting

method according to Claim 7 wherein
said projection optical system is structured

comprising a plurality of optical elements that include a
specific optical element used for adjustment, and

25 adjustment of said projection optical system 1is
performed by deciding a targeted adjustment amount of
said specific optical element by computation using a

relation expression between said image forming
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element, and by adjusting said specific optical element
for adjustment according to said decided targeted

5 adjustment amount, said parameters denoting a relation
between adjustment of said specific optical element and a
change in image forming characteristics of said

projection optical system.

10 9. An image forming characteristics adjusting
method in which at least one image forming characteristic
of a projection optical system comprising a plurality of
optical elements that include a specific optical element
used for adjustment is adjusted, said method comprising:

15 an obtaining process in which at least one image
forming characteristic of said projection optical system
is obtained, by obtaining information on light via said
projection optical system at one measurement point at the
least in a field of said projection optical system; and

20 a deciding process in which a targeted adjustment
amount of said specific optical element is decided by
computation using a relation expression between said
image forming characteristic that has been obtained,
parameters, and a targeted adjustment amount of said

25 specific optical element, said parameters denoting a
relation between adjustment of said specific optical
element and a change in image forming characteristics of

said projection optical system.
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image forming characteristic is obtained.

11. The image forming characteristics adjusting
10 method according to Claim 9 wherein
in said obtaining process in which said image
forming characteristic is obtained, image forming
characteristics of a plurality of types are obtained, and
in said deciding process, a target adjustment
15 amount of said specific optical element is decided by
computation using a relation expression between said
image forming characteristics of a plurality of types
that have been obtained, parameters, and a targeted
adjustment amount of said specific optical element, said
20 parameters denoting a relation between adjustment of said
specific optical element and a change in image forming

characteristics of said projection optical system.

12. The image forming characteristics adjusting
25 method according to Claim 9 wherein said image forming
characteristic is a wavefront aberration expressed in a

Zernike polynomial.
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a coefficient of any term in coefficients of each term of

said Zernike polynomial.

14. An exposure method in which a pattern formed on
a mask is transferred onto a substrate via a projection
optical system, said exposure method comprising:

an adjusting process in which at least one image
forming characteristic of said projection optical system
is adjusted using said image forming characteristics
adjusting method according to any one of Claims 7 to 13;
and

a transferring process in which said pattern is
transferred onto said substrate using said projection
optical system whose image forming characteristic is

adjusted.

15. An exposure apparatus that transfers a pattern
formed on a mask onto a substrate via a projection
optical system, said exposure apparatus comprising:

a measuring unit that measures wavefront aberration
of said projection optical system, said measuring unit
being at least partly attachable to an exposure apparatus
main body including said projection optical system; and

a first computing unit that calculates at least one
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said measuring unit and a Zernike variation table of said

targeted image forming characteristic.

5
16. The exposure apparatus according to Claim 15,
further comprising:
a storage unit that stores said Zernike variation
table in advance.
10

17. The exposure apparatus according to Claim 15
wherein
said Zernike variation table is a Zernike variation
table of said targeted image forming characteristic that
15 corresponds to information on a given aberration on

exposure of a subject pattern.

18. The exposure apparatus according to Claim 17,
further comprising:

20 an input unit used to input information of various
types including information on said subject pattern,
information on said targeted image forming characteristic,
information related to said projection optical system,
and information on said given aberration; and

25 a second computing unit that set conditions in
order to make a Zernike variation table based on said
information on said subject pattern and said targeted

image forming characteristic input via said input unit,
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computlng unit makes a Zernike variation table of said
5 targeted image forming characteristic that corresponds to
information on said given aberration on exposure of said

subject pattern.

19. The exposure apparatus according to Claim 18
10 wherein
said information related to said projection optical
system includes numerical aperture of said projection
optical system, illumination condition, and wavelength of
illumination light.
15
20. The exposure apparatus according to Claim 15,
further comprising:
a display unit which displays information on said
targeted image forming characteristic calculated by said

20 first computing unit on screen.

21. The exposure apparatus according to Claim 15,
further comprising:
an image forming characteristics correcting unit
25 that corrects at least one image forming characteristic
of said projection optical system based on calculation
results of said targeted image forming characteristic by

said first computing unit.
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said image forming characteristics correcting unit

has a storage unit in which parameters are stored in
advance that denotes a relation between adjustment of

10 said specific optical element and a change in image
forming characteristics of said projection optical system,
and a calculation unit that calculates a targeted
adjustment amount of said specific optical element using
a relation expression between information on said image

15 forming characteristic that has been calculated, said
parameters, and a targeted adjustment amount of said

specific optical element.

23. An exposure apparatus that transfers a pattern
20 formed on a mask onto a substrate via a projection
optical system, said exposure apparatus comprising:
said projection optical system that comprises a
plurality of optical elements including a specific
optical element used for adjustment;
25 a storage unit in which parameters are stored in
advance that denotes a relation between adjustment of
sald specific optical element and a change in image

forming characteristics of said projection optical system,
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forming Characteristic of said projection optical system,

said measuring unit being at least partly attachable to

an exposure apparatus main body including said projection

5 optical system; and
a computing unit that calculates a targeted

adjustment amount of saild specific optical element using

a relation expression between an actual measurement data

measured by said measuring unit, said parameters, and a

10 targeted adjustment amount of said specific optical

element.

24. The exposure apparatus according to Claim 23,
further comprising:

15 an image forming characteristics adjusting unit
that adjusts at least one image forming characteristic of
said projection optical system by adjusting said specific
optical element according to said calculated targeted
adjustment amount.

20

25. The exposure apparatus according to Claim 23
wherein

said measuring unit can measure image forming
characteristics of a plurality of types of said

25 projection optical system, and

said computing unit calculates a targeted
adjustment amount of said specific optical element using

a relation expression between an actual measurement data
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clément.

5
26. The exposure apparatus according to Claim 23
wherein said image forming characteristic is a wavefront

aberration expressed in a Zernike polynomial.

10 27. The exposure apparatus according to Claim 26
wherein said relation expression is an equation that
includes a weighting function that performs weighting on
a coefficient of any term in coefficients of each term of
said Zernike polynomial.

15

28. A device manufacturing method including a
lithographic process, wherein in said lithographic
process exposure is performed using said exposure
apparatus according to any one of Claims 15 to 27.

20

29. A program that makes a control computer of an
exposure apparatus that transfers a pattern of a mask
onto a substrate via a projection optical system execute
a predetermined process, said program making said control

25 computer execute:

a condition setting procedure in which conditions
are set for making a Zernike variation table in response

to an input of information related to information on a
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5 corresponding to information on given aberration on
exposure of said subject pattern is made, in response to

an input of information related to said projection

optical system and information on said given aberration.

10 30. The program according to Claim 29, said program
further making said control computer execute:

a calculating procedure in which said targeted
image forming characteristic of said projection optical
system is calculated in response to an input of actual

15 measurement data of wavefront aberration of said
projection optical system, based on said actual

measurement data and said Zernike variation table.

31. The program according to Claim 30, said program
20 further making said control computer execute:
a displaying procedure in which information on said
targeted image forming characteristic that has been

calculated is displayed on a display unit.

25 32. A program according to Claim 30, said program
further making said control computer execute:
an adjusting procedure in which said projection

optical system is adjusted so that said targeted image



109448 () - y10%4& ()-10%4& ()- 10HH 10HHY dEHC 10HH! dy109%H& ()-"10%4& ()-y

310%4& () - y@O%R ()-y Z10%H& () - S10%H& () - *adEHC

10HH! dyy&10%4& () - y¥B10%-& () -, #S10%4&' () - ! 10%4& () - 10%4&' () - 10%& ()-,] %

dEHC

10HH! dy5! 10%4& () -, 2T10%-& () - LO10%H& ({-Y. 10948 () -, 10%4& () - *10%4& () - %Sb

COHH! df 10% & ()-10% & ()- 10H 10H 10H 126

MLO%H& () - 99109448 () 710%4& () - 4ddEbCOHH! dy10% & () -f S10% & () - &10% & () - sF
10% & ()-f10% & () -

F10% & () - 8tﬁmm®@aq¥%3&mc ydhaahe § yesamoaat ¢y Lafabae qonasion & () -

y' 10% & () - R, f dEbCOHH! dS,

10% & () - *s 109 | ~ f (MLO% & () - y&10% & () -y$Z10% & ()-#! 10% & () - f || dEbCOH

H ds910% & ()-710% & ()-5"10% & ()-y2-10% & () - &10% & ()-3. 10% & () - | bCOHH

| dyGLO%& ()-y109%6& ()- 1096& ()-10%& ()- 10\ 10\ 10\yf;

3%‘0&?"( ) 81 OGERCORH UF. - 1395@%6%}'& IR e 8)%008%%%@% B iles () - #
3300/5/2& ()59(1)0 )%E%Et 51% O%Iﬁo%%%r(?l B 1)K TA0Ybe: () - EFI4Kr P1/

o1 1098 () - g! -9 10aAM<](ag 054 0% ) - B %%d)z&ﬁk@%éﬁa@i'&lloo/& & ()
- 105K*- | }~<1/ | M&O" 104\ & ()-1$ 10% & ()-S! R$" 100\ & ()-S! RE"10%A\ & ()-S, #

10% & () -f100A8l &) 1d Hacd®in @ésgd¥ee (Yo 1OYIL )o A QYBE fdrent

information related to said projection optical system and
input of information on said given aberration, by each

10 different information related to said projection optical
system;

a calculating procedure in which said targeted
image forming characteristic of said projection optical
system 1s calculated by each different information

15 related to said projection optical system in response to
input of actual measurement data of wavefront aberration
of said projection optical system, based on said actual
measurement data and said Zernike variation table; and

a deciding procedure in which an optimum exposure

20 condition is decided by finding information related to
sald projection optical system that makes said targeted
image forming characteristic that has been calculated

become optimal.

25 34. The program according to Claim 33, said program
further making said control computer execute:
a setting procedure in which said optimum exposure

condition that has been decided is set.
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5 a procedure of calculating a targeted image forming
characteristic of a projection optical system in response
to an input of information related to said targeted image
forming characteristic and an input of actual measurement
data of wavefront aberration of said projection optical

10 system, based on said actual measurement data and a
Zernike variation table of said targeted image forming

characteristic that is prepared in advance.

36. The program according to Claim 35, said program
15 further making said control computer execute:
a displaying procedure in which information on said
targeted image forming characteristic that has been

calculated is displayed on a display unit.

20 37. The program according to Claim 35, said program
further making said control computer execute:
an adjusting procedure in which said projection
optical system is adjusted so that said targeted image
forming characteristic that has been calculated becomes

25 optimal.

38. A program that makes a control computer of an

exposure apparatus that transfers a pattern of a mask
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calculated in response to an input of actual measurement
data of image forming characteristics of said projection
optical system, using a relation expression between said
actual measurement data of image forming characteristics

10 that has been input, parameters, and a targeted
adjustment amount of said projection optical system, said
parameters denoting a relation between adjustment of said
projection optical system and a change in image forming
characteristics of said projection optical system.

15

39. The program according to Claim 38, said program
further making said control computer execute:

a displaying procedure in which information on said
targeted adjustment amount that has been calculated is

20 displayed on a display unit.

40. The program according to Claim 38, said program
further making said control computer execute:
an adjusting procedure in which said projection
25 optical system is adjusted based on said target

adjustment amount that has been calculated.

41. The program according to Claim 38 wherein
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said parameters are parameters denoting a relation
between adjustment of a specific optical element used for
adjustment that structures said projection optical system
and a change in said image forming characteristics, and

sald targeted adjustment amount is an amount of

said specific optical element that needs to be adjusted.

42. The program according to Claim 38 wherein said
image forming characteristic is a wavefront aberration

expressed in a Zernike polynomial.

43. The program according to Claim 42 wherein said
relation expression is an equation that includes a
weighting function that performs weighting on a
coefficient of any term in coefficients of each term of

said Zernike polynomial.

44, The program according to Claim 38, said program
further making said control computer execute:

a condition setting procedure in which conditions
are set for making a Zernike variation table in response
to an input of information related to information on a
subject pattern and an input of information on a targeted
image forming characteristic;

a making procedure in which a Zernike variation
table of said targeted image forming characteristic
corresponding to information on aberration is made, in

response to an input of information related to said
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projection optical system and information on a given
aberration; and

a calculating procedure in which said targeted
image forming characteristic is calculated in response to
an input of actual measurement data of wavefront
aberration of said projection optical system, based on

sald measurement data and said Zernike variation table.

45. A program according to Claim 44, said program
further making said control computer execute:

a displaying procedure in which information on said
targeted image forming characteristic that has been

calculated is displayed on a display unit.

46. A program according to Claim 44, said program
further making said control computer execute:

a converting procedure in which information
obtained on light via said projection optical system at
one measurement point at the least in a field of said
projection optical system is converted into actual
measurement data of said wavefront aberration of said

projection optical system.
47, An information storage medium that can be read
by a computer in which a program according to any one of

claims 29 to 46 is recorded.

48. A making method of an exposure apparatus that
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transfers a pattern of a mask onto a substrate via a
projection optical system, said making method comprising:
an adjusting process in which said projection

optical system is adjusted using said image forming
characteristics adjusting method according to any one of

claims 7 to 13.



