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MEASURI NG METHOD, | MAGE FORM NG CHARACTERI STI CS ADJUSTI NG NETHCSTERESTICS
EXPOSURE METHOD AND APPARATUS, PROGRAM AND STORAGE MEDI UM  AND DEVI CE
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention rel&8 &EPt 208 nage
formng 10 characteristics nmeasuring nethods, image formng
characteristics adjusting nethods, exposure nethods and appar atus,

programs and storage medi uns, and device nanufacturi

particularly to an imge forning chageRELPTHONS négggrPﬁ;hmmmmmﬁmmwmmm?ch
a 15 targeted image forming characteristic of a projection optiG@lssystem
is measured, an image formng characteristics adjusting nmethod in which
the image formng characteristic is adjusted, an exposure nethod in which

exposure i s pPhyhRFETERORMING ACHARRCTERI SPLCS MPASURING MEEEODage
form ng characteristic has been adjusted according to the inmage fg?%ing

characteri st i gRp e FORMINGECAMRROTERL STICEIIAD IPST ENGs METHAB e f or
performng the inage formng characteristics adjusting method, a program
whi ch makes sERPUSURECMETHOD ®NDhAPPARATUS, PROGRAM AND

STORAGE MEDIUM, AND DEVICE MANUFACTURING METHOD

TECHNICAL FIELD
The present invention relates to image forming

10 characteristics measuring methods, image forming
characteristics adjusting methods, exposure methods and
apparatus, programs and storage mediums, and device
manufacturing methods, and more particularly to an image
forming characteristics measuring method in which a

15 targeted image forming characteristic 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

R
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25 exposure apparatus execute processes of calculating and adjusting a
targeted image form ng characteristic of a projection optical system and
an informati on storage nmediumin which such a programis stogﬁps f

readable Il | *@0002* 2 8 SEP 2005 2 by the conputer, and a device
manuf act uri ng nmet hod using the exposure apparatus. BACKGROUND ART 5
Conventional ly, when manufacturing devices such as sem conductors, liquid

crystal displays, or the like in a photolithographic process, projection

exposure appangdf Uhe e esn usef.a SUGH &S mhdeelet i OTh PRk €544 Ofs Exposur e
apparatus based on a step-and-repeat met hod (a so-called 10 stepper) and a

scanni ng proj egid ®kpyROsIrHrppanat us  based on a step-and-scan nethod (a
so-cal l ed scanning stepper). Wth such projection exposure apparatus, a
pattern formed on a photo-mask or reticle (generally referred to as
"reticle" hereinafter) is transferred onto 15 a substrate such as a wafer
or a glass pl BACKGR@UNN tARTa photosensitive material such as a
photo-resist, via a projection optical system Wen nanufacturing

sem conducbor deviGesyemetonskly divlien enengfacuiitr ipat deviseneedchoabe
formed in multiple 20 layers on a substrate, it is inportant to accurately
overlay the reasmlenhiaifteh diduidicryialerdisplavemeer Uit olike patern

formed in prior on each shot area on the substrate. In order to have good
overl ay accurégyﬁq#ﬁﬁﬁpgraphlc process, projection exposure apparatus

have been used, such as a reduction projection exposure
apparatus based on a step-and-repeat method (a so-called
10 stepper) and a scanning projection exposure apparatus
based on a step-and-scan method (a so-called scanning
stepper). With such projection exposure apparatus, a
pattern formed on a photo-mask or reticle (generally
referred to as "reticle" hereinafter) is transferred onto
15 a substrate such as a wafer or a glass plate coated with
a photosensitive material such as a photo-resist, via a
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
ocverlay 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



form ng characteristics of the projection optical system 25 need to be
adjusted to a desired state (for exanple, 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 tran@Be$Ep gsa 2
8 SEP 2Wb 3 reticle pattern of a first |layer onto each shot area of the
substrate, the inmage form ng characteristics of the projection optical
systemis preferably adjusted so that reticle patterns of a second |ayer

and the layers,.onyard p§tﬁée]_ena5§u5 afﬂé{tti%@ﬁ%re(g@fe%r?%k?cﬁ@ Shot area. As

a premse for adjusting t i mage form ng atype o

optical charactgsi stbsdrfe! Nene PIRIGL FORMORS | SRArSYSE LML 108 b ABYEe
formng characteristics need to be accurately nmeasured (or 10 detected).

As the nmeasuripgo i@t Hoch obpt heal neger Br N NGre CARL LY E5d s €Sd Fo MERAOd i N
which the image formng characteristics are cal culated (hereinafter

referred to asetexpospagteethod! )aisecmndl yapsedand nthdi ayetHhoshward
exposure is performed using a neasurenment mask on which a 15 predeterm ned
measur enentd patterac¢grioehediransfarred anstfereach i smge suved. as a resi st

i mge obtained by developing the substrate on which the projected i mage of
t he measurenent pat tA$ migrenbssfeor cad anst g g imagersksumisty Then,
based on the neasurenent results, the 20 inmage form ng characteristics,
specifical |y Sehepckefigeicabe? rbyPomt (epierl i o rapheri el chbef ribhte on,
astigmatism field curvature, and corra%@are cal cul ated. |, Besides such a

met hod, a met HECT FCWPR hCR HeCabot¥s toRnt FR%etM39% of XBRIR %t i ons are

cal cul at ed WItc@k?é"%acteristics need to be accurately measured (or

10 detected). As the measuring method of the image forming
characteristics, a method in which the image forming
characteristics are calculated (hereinafter referred to
as “exposing method”) is mainly used. In this method,
exposure is performed using a measurement 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
methed, a measurement mask is illuminated with an

illumination light, and aerial images (projected images)



25 actually perform ng exposure (hereinafter referred to as "aerial inmage
measurenent nethod") is also used. In this nethod, a neasurenent nmask is
illumnated with an illumnation light, and aerial inages (prO?QFSQHZNE

i mges) 28 SEP 2005 4 of neasurenent patterns forned via the prQjection
optical systemare neasured, and then thegabove five aberrations

cal cul at ed based on the neasurenent results. However, with the exposing
met hod or aerial imge 5 neasurenent mnethod described above, in order to

obtain all fijen2heurdedts pathe raswref@nty as He die Jeapeairetptical
separately, using the appropriate pattern for each neasurenent.
Furthernore, thetremdere mepeifred tEhel vras wheneitiovas ive hebanrsti teted,
depending on the type 10 and anmount of the aberration to be neasured, in
order to accurdicellytad] betsecherprdjee otdamu gptardalresyslttern For  exanpl e,
when coma is large, the image of the pattern is not resolved, therefore,
when aberration suchoasvedistorthi ¢ie spiposiical mefdodtdomerist] giftedsm are
15 neasured in this state, accurate data cannot be obtained. Accordingly,
in such a tas@eashgegemd meddod daferibfttedotn dreaidih v Btapetore
measurenent on distortion or the like is perfornmed. In addition, due to
hi gher i nt egr @lilof i aFe ERIQATtudS ARG RS 15K LG nF R d

Ser el s 11 ve SEBBFHA Gis 10 ot R P BT AU o hd Tt Foment s ar e
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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



aberrations. In order to performsuch overall adjustnent on the inage
formng characteristics, lens elenents that require adjustnent and their
adj ust mrent anount need to be 5 128 SEP 2005 cal cul ated, by perform ng a
light-ray-trace conputation wusing data (such as curvature, é@fgﬁ&&&ge

i ndex, and thickness) of individual |ens glenents conposind the

projection optical system 5 However, because data of individual |ens

el enents are confidential for the exposure apparatus maker, it is wusually

difficult for @138/MR ! eRNY RIFriORAId IINGHY- r Aditusiden@ didp tedpesur e
apparatus or a user to obtain such data. In addition, since the

li ght-ray-tragg Gt | @udk) 4Lquires Bt eneireus iarROUMdesf, e, it is
not realistic for the service technician to performthe conmputation on
site. | n addi tiHirgkridis efdfedindifviaherlr dtdrons lafmentes qomgjosdinicorthept i cal
systemon the image form ng 15 characteristics of various patterns are

di fferent, whipadojedtsiomekesi@aluserstofm.an exposure appar atus have different
requi renents dependi ng on the type of pattern to be projected. For

exanpl e, aScont act - Helwevysatt dravause afdtectadd ipatitviiciads Ihensy edemegivdt i sm A
| i ne-and-space 20 pattern with a thin line-width is greatly affected by
coma, and for as@rnt idrniiglodinr Jds t95%P W & i RIS Fietkfden idn 1S
isolated Iine pattern and a |ine-and-space pattern. Under such

ci r cunst ances, St 1 inol gyt ds Ele 25 R U & BERFE H6C ol ogy

to enable an OaPc?jrl?sttoirng 'fhé ésxepm scfpéjuacgpogrgtaucst R at QRF ft%r rgb%asl'nm)slu%hand

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



accurate nmeasurenent of the inmage formng characteristics (a type of
optical characteristic) of a projection 28 SEP 2005 6 optical system
especially the inage form ng characteristics (aberrations) predicted to
have a great influence on the accuracy when transferring a sudpefP
pattern onto a substrate, or a new technolgpgy that can 5 enable a service
technician or the like in a sem conductor factory to performa relatively
sinple and highly accurate adjustnent on the inage formng

CharaCteriStiSﬁtQEaih@y@&@h?CEEQEcQBEhgakh§Y§h§Gb Faemprgsent invention was
made under such 10 cirCunstances, and has as its first purpose to provide

an image forphRgacharasterksthpsrimasdhkngpretiededn tehiheleda igaieget ed

i mge formng characteristic of a projection optical systemcan be

measur ed easi hyfandnaecynatikyactheasgcahdnpirpaseeafr ihke apsededricti nventi on
is to 15 provide an image form ng characteristics adjusting method in
whi ch an i magpatoernhngntharastibeicstice, obraapnewecteicbnologi calatsystrem can
be adjusted easily and accurately. The third purpose of the present

i nvention 3s eoabpeowi gersacexpestnécienhed thewhiikie filné patterns can be
20 formed with good precision on a substrate. The fourth purpose of the
present i nvenSEBACPEINELOpr §aF8ETANn texpeSEPEMappaeatld Vet Sdawle &k er a
pattern of a nmask onto a substrate with good precisign. The fifth purpose
of the presenhlPA¥ner6H RSt 8935 SHREREIONA A6y 1FE IFarGFHC® i ng met hod

that contributes to,_ inproving_productivity.of the.devices. The sixth
purpose of thé& 6Fé§§ﬁflﬁﬁ9§ﬁtgént£§ PSOJeC%lon optical Sy3tem.

The present invention was made under such
10 circumstances, and has as its first purpose to provide an
image forming characteristics measuring method in which a
targeted image forming characteristic of a projection
optical system can be measured easily and accurately.

The second purpose of the present invention is to

15 provide an image forming characteristics adjusting method
in which an image forming characteristic of a projection
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



provide a program suitable for use in each of the 28 SEP 2005 7 exposure
apparatus, and an information storage nedium where such a programis
stored and is readable by a conmputer. 5 DI SCLOSURE of | NVENTI ON Accordi ng
to a first aspect of the present invention, there is provi deid &iSEPn3ge
formng characteristics nmeasuring nethod 7n which at | east one inmage
formng characteristic of a projection optical 10 systemis neasured, the
met hod conprising: a measuring process in which wavefront aberration of

the projectiopxpeRbirealpprshesi, S afeasyr a6 fatrmane ofeasviragenneg@unt at the
least in a field of the projection optical system and a calculating
process in whiyghrat sheasta gregramieéisedtbredmage fier readabhar dgtaristic is
cal cul ated, based on the neasuring of wavefront aberration and a Zernike
variation takbepafcetrhe targeted i mage form ng characteristic that is
prepared in advance. The "targeted inmage form ng characteristic" in this
20 case, is a concept that includes both a targeted i mage form ng
characteristic and its index. In this description, the term"'targeted

i mge forn$ ng RRSEEQSYRE: iof INVENBION, such neaning. In this method,
after the wavefront aberration of 25 the projection optical systemis
measured in at | easPC6RE A1Rgad@r Sndrit SFoidFPEGt Che tEePdSSEthe proj ecti on

optical system the targeted i,mage farpm characteristic is calcul ated
based on the H’é’é[?tﬁ’rtéd’nabgs}%q ar % ngdn 1Mage Torming

characteristics measuring method in which at least one
image forming characteristic of a projection optical
10 system is measured, the method comprising: a measuring
process in which wavefront aberration of the projection
optical system is measured at one measurement point at
the least in a field of the projection optical system;
and a calculating process in which at least one targeted
15 image forming characteristic is calculated, based on the
measuring of wavefront aberration and a Zernike variation
table of the targeted image forming characteristic that
is prepared in advance.
The “targeted image forming characteristic” in this
20 case, is 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



28 SEP 2005 Zerni ke variation table of the image formng characteristic
that is prepared in advance. By preparing the Zernike variation table in
advance in such nmanner, the targeted imge form ng characteristic can be 5
calculated with only one neasurenent of the wavefront aberra&L % In this
case, because the nmeasurenent is perfornmed on wavefront aber figﬁ,‘ ich
is the overall imge formng characteristics of the projection optical
system the targeted image form ng characteristic can be 10 obtained with

good accuracy.zdshiké svaesesiom tdieleab eutiad i Ngags otedBinghen the targeted
i mage form ng characteristic include image formng characteristics of a

plurality of totpesactdmeist imgehdoris nreparadt enisdvascof @®ylpwrepddtngf
types 15 included in the targeted i mage form ng characteristic can each be
cal cul at ed, batstesl Darnhiee memsiat hon of alwbe einm ondvamber fat $ooh angnae Zer ni ke
variation table for each of the imge formng characteristics of a
plurality of tfipestaieted himagmgtortoimy nghehacterestiseieanneasuring 20
met hod in the present invention, the Zernike variation table of the inmage
forn ng chéractak¢elaeedayl e ombe orRpBratersmedt hrtRasYaa§EOrEr m ng
characteristics, taking into caonsideration variqus patterns, or the nethod
may further coMp?¥EetidlmakdimdroGESe i PSR B HFATHTREMr e Set i n
order to nake a Z rniKg variatifn tabll%ef based o in%orna%ﬁon on_a,pattern
subj ect to  proTEROTBR S 1Y B ETRe T ont bpt Taht LYSEBnt Antne S Fat bt ed
| mage form ng ﬁ£§§£C£§£$fﬁéC¢h§P9c€e5§£@iég §f2§h§E§}§9Q§tion optical
system, the targeted image forming characteristic can be
10 obtained with good accuracy.
In this case, in the calculating process, when the
targeted image forming characteristic include image
forming characteristics of a plurality of types, the
image forming characteristics of a plurality of types
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



variation table of the targeted imge form ng characteristic that
corresponds to information related to a given aberration is nmade, based on
information related to the projection optical systemand information
related 5 to the given aberration, prior to the measuring pro:‘aes ﬁthe
| atter case, the information related to the projection optic: g’ﬁ—gt can
i ncl ude nunerical aperture of the projection optical system illum nation
condition, and wavelength of illumnation light. 10 Wth the image form ng

characteri sti g MRASIEA b TRIEOG A ¢ HegPF &$eithadIVRIEMIGY When the
Zernike variation table is made prior to the nmeasuring process, in the

nmeki ng processshavidstd st 8¢ el coBgSsHOidE Ngo Lhes Bed e drsti &l d twd ugde
image formng characteristics of a 15 plurality of types, a Zernike

variation table Jorecatbeofatidte isrageds prive fed charaetf@mstics wlated
plurality of types that correspond to the information related to
aberration caro behergelsoj st ot hept egk sﬁmmmgaMaxraMBmatsmmsreml ng
20 nmethod in the present invention, it can further conprise: a displaying
process i nSwhitth thd oy ivegn orbe Bt ait seh ¢ o0t her targee deed sigand IRHGRES -
characteristic that-has been calculated is displayed. According to a
second aspect B &R hrlekentcase, |?ﬂ%n%ﬁ1%?|rm%%3e?% ¥%lap’?%|%otfé?fl rst | nmage
form ng characteristjcs adéustlng nmet hod in mhich at | east one

formng char ad®?12% % tORFORI 1F 2} eTY§bfM opt i P CLUGR (UG 51 Gt tPsRee’btu G‘ne

Tethod compri sLpG: 2 NEsuL] NG, 19,2, 8, BEF, 2005 P PRSI0 M Sl SRS

and wavelength of illumination light.

10 With the image forming characteristics measuring
method in the present invention, when the Zernike
variation table is made prior to the measuring process,
in the making process, when the targeted image forming
characteristic include image forming characteristics of a

15 plurality of types, a 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



characteristic is measured using the inmage formng characteristics
measuri ng nmethod according to Caiml;, and an adjusting process in which
the projection optical 5 systemis adjusted based on results of the
measuring of the targeted inmage form ng characteristic. In thezsfg'tpswg
met hod, because at | east one targeted imge form ng characteri®st®c’i
nmeasured using the inmage form ng characteristics neasuring nethod 10
according to the present invention, the targeted imge formng

characteristi ¢, 6a@she jpbialiRed ¥ 1R800 nACEUARed AR oleh& RiAjneCti on
optical systemis adjusted based on the inmge form ng characteristic that

i's obtained (ih@raiRasULeRNY of @sllstg el Wshed MRge ifeige Meretiaract eristic).
15 Therefore, the targeted image form ng characteristic of the projection

optical systermhead ke radjitisisethenisiut 19@0the thceuracyrdiory exaliladm Hy; maki ng
the targeted image formng characteristic an inmage form ng characteristic
(aberration) tahmat aparidjasitdanlgy pirofdesendes whtieh rage p2® jfegrtniong ogft iacaslubj ect
pattern, the image formng characteristic of the projection optical system
can be adjustsgdtasm mscldds spestsibelsedacrordisng ttso athd heubjeecturigat tadfrn. I n
this case, the projection optical systemcan be 25 structured conprising a
plurality of d&pE ¢ardsiteseimage KRR ¢dé R SFedishii€ -opti cal el enent used

for adjustnment, and adjustnent of the pr%{e%%jon opticgge53 ystem can be
performed by decidi i§ &PCafqeteding 0thet PECAYSSER DGESS of the

SPeCLl1C 9P e SO O SO 90 430 8 1 Lo S PSR
parameters, a@%éiimage forming characteristics measuring method
10 according to the present invention, the targeted image
forming characteristic can be obtained with good accuracy.
And the projection optical system is adjusted based on
the image forming characteristic that is obtained (the
measurement results of the image forming characteristic).
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



targeted adjustnent anount of the specific optical 5 elenment, and by
adjusting the specific optical elenent for adjustnent according to the
deci ded targeted adjustnment anount, the paraneters denoting a relation
bet ween adj ustnent of the specific optical element and a change in inage
form ng characteristics of the projectioni110 opti cal systen1fi@d%¥ﬂﬂﬂ§ to
a third aspect of the present invention, there is provided a second i nage
forming characteristics adjusting nethod in which at | east one inmage

formng charaghsnhetbe ehedspeeiie¢ti OptoPhICalehEnsYBYCBLAEIRAEEDAY A
plurality of optical elenments that include a specific optical elenment used
for adjustnmengsisg adiyshedont BepresbodnchaRWeehngheatimabtaitomgngr ocess in
whi ch at | east one imge form ng characteristic of the projection optical
systemis obtahaedctbyiehtai nhag B8si bkenmaktiasnred,| pghtmetarsheapdopecti on
optical systemat one neasurenent point at the least in a field of the
proj ecti on optacgetsystdjusamana dmouditngfptbeespecafinhpphiaatlar get ed

adj ust ment anount of the specific optical element is decided_ by
conput ati dn uslegeat25and| hyi edjespiagsicbs beemééact Retifgagecf8MANAY
characteristic that has been obtained, paraneters, and a targeted

adj ust ment anboht 280 uskBegedrEPEddpgi &8 thel 8peAdec: ker@srSRet ers denoti ng

a relation between 12 2 8 SEP 2005 adj ust nent of th%.specifig Etical
el enent and a28RBAGESEN2TREGE  f 6PRi R TARREEL e RO 2% (R ag 8fecti on

optical Systeggt;ée%pgggtg m%%%i%%ltggeg%%%i%i%do% Ec%qj%ﬁ%m %E"ahg a
change in image forming characteristics of the projection
10 optical system.

According to a third aspect of the present
invention, there is provided a second image forming
characteristics adjusting method in which at least one
image forming characteristic of a projection optical

15 system comprising a plurality of optical elements that
include a specific optical element 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



5 this case, refers to a specific optical elenent that is wused for
adjusting the image form ng characteristic, and besides the case when the
i mge formng characteristic of the projection optical systemis adjusted
by driving or changing the specific optical elenent, the case_such 10
when the image formng characteristic is adjusted by reproces?iangE%aﬁls
exchangi ng the specific optical elenent is also included. That is, besides
adjustment (correction) of the image form ng characteristic at the

adj ust ment st ag us"'cﬁg%ugstﬁ‘e@k'é_ \efgte_t%itffﬂ% %g;%qic%ilc cORheGR! 23 @l emBRlyeal so
i ncl udes the makRing of the projection optical systemitself whose i nage

form ng charagherhghiC formiad Bphedctbriaddicki ofF tae prgeiceriopf course,
the specific optical element for adjustnment is not |limted to one, and
may be in pl ubghscalnstBitemdescription, the term 20 "A specific optical

el ement used for adjustnment” is used in such a neaning. In addition, when
t he specific opticalaekpaedtitobptadplstientnits usedplforabs)jushechttdr det ed
adj ustmrent anount™ i ncludes the case when the adjustnment amount is 25
zero, that5isthtilse caase wede risotadipuspreiif iics opiideall elemeins ddedr iist i on,
the term"targeted adjustnent amount” is used in such a neaning. In this
met hod, when agjeds tfiorg adja spioge ¢hieoAmage2 § ogRRNY0ThaggCitedll s§isy end
information on light via the projection optical systemis obtained at_ one
measur ement p&estides thige chsgsvhien the Aregg SPHHE I CHRERGET GHtic At
system and the image fqorm ng characteristi,c is .obtained. And, by 5

per f or mi ng coﬁﬁ@t§deﬁ9t&§PnQ%§1F€ﬁa§ﬁ§ﬁe§kﬁFe??ﬂHﬁted By driving ot

changing the specific optical element, the case such as

10 when the image forming characteristic is adjusted by
reprocessing or exchanging the specific optical element
is also included. That is, besides adjustment
(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. In 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



between the image form ng characteristic that has been obtained,
paraneters denoting the relation between the adjustnent of the specific
optical elenment and the change in the inmage form ng characteristics of the
projection 10 optical system and the targeted adjustnent annuné O&H;E&E
specific optical elenent, wth the targeted adjustnent anount §

unknown val ue, the unknown value, that is, the targeted adjustnent anount
of the specific optical elenent is decided by conputation. In this manner,

by 15 using t t] regs 8R thenactyal tnhEeasureEeDbnr esul ts
of the imge $§$%§%g %ggFgéFesﬁg%?@ag?gﬁgrratign), paranetgrsﬁdenotan t he

rel ation betwsgp;chhesadiust menbpehihBa speehki fe@Blirembnel poeAt and the
change in the image form ng characteristics of the 20 projection opti cal

system and tpget apgetednadhdsEnBNY o@mpuBet pebjthe ispeopticadpbiysakm,

el ement, the targeted adjustnment anount of the specific optical el enent
for correctiggdtbpei MRggef BbRinAggchanaaterirdtitdccans betadakdul adrd, dagil y.
This makes it possible to adjust the 25 inage form ng characteristic of the
proj ecti orp oppeesbrmsysgt esmpntatsionpl esiagner reilel ibnglexpresisgiocon. In this
case, the nethod may further conprise an obtain[n%.process in which the
paraneters arbettieahnelle imagel fSERiRQOShpriagterdstie &bedi ArvgPLeLdcess in
which the image formng characteristic is obtained. Wth the second inmage
f or mi ng chara@béﬁﬁgﬁﬁ@spaéépﬁ§?¢ﬁgdﬁ@Pﬁé@giﬁh@héeﬁﬁé§€ﬁtqeﬁy§ﬁpi5%? t he

i mge 5 forningécharacteristic subj ect, to ad%%ite %&eg%ya%% %%%ych%% eimage

form ng char a@PeHEEMRAL GF the SkEGe Ii6r Mbid

in the image forming characteristics of the projection
10 optical system, and the targeted adjustment amount of the
specific optical element, with the targeted adjustment
amount as an unknown value, the unknown value, that is,
the targeted adjustment amount of the specific optical
element is decided by computation. In this manner, by
15 using the relation expression between the actual
measurement results of the image forming characteristic
(aberration), parameters denoting the relation between
the adjustment of the specific optical element and the
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 image 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,



characteristic may include a plurality of types of inmage form ng

characteristics. In the latter case, in the obtaining process in which the

|Page rorn}ng 10fcharacter|sL|c is obtained, imge form ng characteristics

of a plurality of types can be obtained, and in the deciding @0 a
DO SER MBS by

target adjustment anount of the specificigptical element can
conputation wusing a relation expression between the image formng 15
characteristics of a plurality of types that have been obtained,

paraneters, and;a ! argehed RdYskiBnt ATt i8f wnlike $RRCiikageoRlréaing
el ement, the paraneters denoting a~ relation between adjustnmeént of the

speci fic opti¢cql;ra@lr@¥BRk 12nd sacplrang@d.n i mage form ng characteristics of

20 the projection optical system Wth the second inmage form ng
characteristics nmeasghi Rgemethond Nnbbe Foesdny cheenticemisthesi mage
form ng characteristic subject to adjustnment can be image formng
characteri sti esljofstdarg meshioypas, tard p2eseortr espyemdiiog ,t ¢ hseudmaigeage

form ng characteristics various relation expressions can be consi dered.

For exanpbe, fidreniingagd arerarieng stiar sctgeicst ite @al) usementwangef kentonly

aberration expressed in a Zerni ke polynomal. 15 28 SEP 2005 In this case,

the rel ati on ©us dwigen feamihy pharegitict ithah Adleudesds &gy
function that perfornms weighting on a coefficient of any termin
coefficients ofharegdenisthomayhdny K& FoHWFRital o5 tARSS g9
fourth aspect of the present invention rovi ded an ﬁﬁgosure

h ;
met hod in whi AP Patd @R FEGTeE 2677 -a Eﬁtsﬁ %?%E&%& EFFPEA ORt

obtaining process in which the image forming

10 characteristic is obtained, image forming characteristics
of a plurality of types can be obtained, and in the
deciding process, a target adjustment amount of the
specific optical element can be decided by computation
using a relation expression between the image forming

15 characteristics of a plurality of types that have been
obtained, parameters, and a targeted adjustment amount of
the specific optical element, the parameters denoting a
relation between adjustment of the specific optical
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.



substrate via a projection optical system the exposure nethod conprising:
an adjusting process in which at |east 10 one inmage form ng characteristic
of the projection optical systemis adjusted using the i mge form ng
characteristics adjusting nethod according to any one of the f?g<Sepaggs
second image form ng characteristics adjusing nethods; and a transferring
process in which 15 the pattern is transferred onto the substrate using the
proj ection optical system whose inmage formng characteristic is adjusted.
In the nethod, the irpge if0idiisRg e acd1gfdidn e@freddiomraireadd am opti cal
systemis adjusted using either 20 the first or the second inmage formng
characteri sti eguaadjdsstdng neidiatied 4 hee igeseny fuventdmnhandd o ped t ern
of the mask is transferred onto the substrate via the projection optical
syst em whose iwsgh tfiergriorg a clwyfatiieirdrst i ef i anpdjerst eth Jddeef £farent Hewhiuse
the 25 pattern of the mask is transferred onto the substrate via the

proj ecti on optdazal tsrst el Wies &4 meiges foshymemiaharacteristic i s adjusted
with high precision, it allows fine patterns to be forned on the substrate
with good 38 SEP 200%chgdimacitsi ¢n.foBsPedsest vilerthher et i on opti cal
systemis adjusted using the first inmage formng characteristics a,dé usting
met hod of the IFVESEHCT NVERTON S ORI TY 2P TRAER FRtPRGgin which

characteristic, for exanple, the image formn chgractgristic (aberration)
that particul & IRREGSHN e tHe 3 MRHRF o7 rﬁ]g%f‘% SRR SUBFRA pattern, is
adj usted as wscu%sacsré)toessx}iball eai pArConoécng%yépteivgglv@ygtem, the exposure

method comprising: an adjusting process in which at least

10 one image forming characteristic of the projection
optical system is adjusted using the image forming
characteristics adjusting method according to any one of
the first and second image forming characteristics
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



exposure is perfornmed using a mask on which a fine 10 pattern is fornmed as
the subject pattern, the pattern is transferred on the substrate via a
proj ection system whose inmage form ng characteristic (aberration) that
particularly influences the image forming of the fine pattern|2$ S&®j 2008 ed
as nmuch as possible. 15 According to a fifitgh aspect of the present
invention, there is provided a first exposure apparatus that transfers a
pattern formed on a nask onto a substrate via a projection optical system
the exposure ARarstdss, conprising: a neasuring unit that neasures 20
wavefront aberration of the projection optical system the neasuring unit
bei ng at | east part |pspidiadnablwheno tie prgiesiviomppariatals syaiterady
including the projection optical system and a first conputing unit that
cal cul at es at ddhsttarheigiargethed fiinege ifmergs nipp 128 roh artetagrtiestiist dwssed on
wavefront aberration of the projection optical system neasured by the
measuring uni tadjuat snaratiics \ofr itdte @ressite iofvarite arar géteed angegeed

form ng characteristic. 2 8 SEP 2005 17 In this apparatus, when the

measuri ng 8ni t1mess ufaeni ngh e hanAsTtegrits tiser i @xadP liche threojid@deon opti cal
system the first, conputing unit calculates the targeted image form ng
charact eri sti YA sMatne &N iah i dphpraian) 5 hafeMattiG e lvhe

proj ection optjcal systemand the erni ke variation tahle of the targeted
Pmmge for i ng JENHSIAR (Kt CTAge (ARG R | Ty TR 8 kS

variation tableihe d aroshed: PGS JAUTNO SHALIGHRLHTT €.8RNREn
exposure is performed using a mask on which a fine

10 pattern is formed as the subject pattern, the pattern is
transferred on the substrate via a projection system
whose image forming characteristic (aberration) that
particularly influences the image forming of the fine
pattern is adjusted as much as possible.

15 According to a fifth aspect of the 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
exXposure 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.



10 measurenment of the wavefront aberration. In this case, because the
measurenent is perforned on wavefront aberration, which is the overal
imge formng characteristics of the projection optical syste t he
targeted i mage formng characteristic can be obtained 15 with goBdFEP 2008
accuracy. And, by perform ng exposure in a7 state where the targeted i mage
formng characteristic obtained with good accuracy becones optimum (for
exanple, the difference between the target value is mnimal), the mask

pattern can be trangfegred 9pharbREsSURBEHALS MR sud ngORR i3C Fda% el N
this case, the first exposure apparatus can further corprise a storage

unit that stoggs Wa®efeRitkbetdldtalddrot abhe pRogdvanes. opttilkalhe yisitkest,
exposure apparatus according to the 25 present invention, the Zernike
vari ation tabkBec@nrbe @omparAinke uvdti atilemltzakise tife thaer Jearegbtiethgemage
formng characteristic that corresponds to information on a given
aberration onfexpdasgr ehafraateubjsedc patster on 2h@ SER 20C8 b8 wHwe ffriargt
exposure apparatus according to the present invention can further
conprise: @an ehputragion ofsédet priogedt liomf eorkdtdadn sofs tedr iaggs thepes
including information on the subject pattern, information on the 5

tar get ed i magéetdifienyaghataonetiodliec ofi Aher rtiaeted dmacssd frming
projection optical system, and_information on_ the given aberration; and a
second conput FRGraREriRatc sefNcbRdFt FBRESFn BYJEFIRE rRReZ8T24KRi ke

variation table ,based on the information on the subject pattern and the 10
targeted i mag&3FdPNRG 5@&ﬁ§ct5b@sﬁ@€qgﬁﬁﬁ RW%Q%I#?%Wﬁﬂﬂ

characteristic can be calculated with only one

10 measurement of the wavefront aberration. In 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.




unit, and based on information related to the projection optical system
and information related to the given aberration input via the input unit,
the second conputing unit nmakes a Zernike variation table of the targeted
15 image form ng characteristic that corresponds to informatioRgogep pgs
given aberration on exposure of the subjeggt pattern. In this case, the
information related to the projection optical systemcan include nunerical
aperture 20 of the projection optical system illumnation condition, and

th\éeI SPgtsanfi 'n'v'eﬁt ;Ig%t ?3%SHJ???BFEEEW%%’?’?Eagﬁﬁfigfc%aﬁﬁi@{ %ﬁ'f%ﬁcﬁ-rg;?g s
. : . . unit I Splays
| nformation ﬁ%r%@%n angeled 1R ee nf FPLRG 22 o ael eansinpueaheylat ed by
the first conputing unit on screen. The first exposure apparatus according

to the presenfsddeNtin@tCam foahQlonC FFPRaS8 oty itiRee fionTuegntd 28 SEP
2005 characteristics correcting unit that corrects at |east one inage

form ng char ag@dredadtG o drihe Ry Gjuesidcan paepleregl isystramathiasednothe
calculation results of the targeted inmage form ng characteristic by the
first 5 copputdiaigdvdd .idayd Herndase chahve qiregjiedtiicon iogiroalt ioyst em can be
structured conprising a plurality of optical elenments that include a
speci fic opti calladeshemt tisepdarectddjuspiEmal syvéteie amsyd Nffermatg on
characteristics 10 correcting unit can have a storage unit in which
paranet ers ar ersttdved iveradaia tis dfottesesrad A9qmpyting unit that

set conditions in order to make a Zernike variation table
based on the information on the subject pattern and the

10 targeted image forming characteristic input via the input
unit, and based on information related to the projection
optical system and information related to the given
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



bet ween adj ustnent of the specific optical element and a change in inmage
formng characteristics of the projection optical system and a
calculation unit that calculates a 15 targeted adjustnent anount of the
specific optical element using a relation expression between i r{ﬁrg@t b

on the image form ng characteristic that has been cal cul ated, e
paraneters, and a targeted adjustnent anount of the specific optical

el enent. 20 According to a sixth aspect of the present invention, there is

provided a secand exRe$YEEcaPRBLREUS inghainitr amsfteich rar quald ertn Jearsted on a
mask onto a substrate via a projection optical system the exposure

appar at us conppieSiRg@get e rpffjge chiaed ceplricali csysl eme pato R tdampr i ses a
plurality of optical elements including a specific optical elenment used
for adj ust menbptacatlosgge emubiats eidn onhicall qudradrietre e sarld sstadt édhid n advance
that denotes a relation between adjustnent of the specific 28 SEP 2005 20
optical el enmenbraedea dchagge fiomniimggehaoaritey L sdHar dut dfistfiicsstof t he
projection optical system a neasuring unit that neasures at |east one

i mage f or nd ng coplpatdaageningtti.c of the projection optical system the 5
measuring unit being at |east partly attachable to an _exposure a rat us
mai n body i ncl udi ng%PhéhﬂﬁoFééFiroﬁheo@trlodz%c@ﬁ’t SRELGRd .yéd:r%‘htqaﬁ'g it
that calculates a targeted adjustnment anmount of het%%%ﬁf'féﬁgnlca

el enent usi ng S& VEtAHEGh ERBILESSiNGh St Y & oA feasurerent data

amount of 1 he ted i e o GHet et oL Sterflift A ORLC adl ustrEnt
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



In this apparatus, paraneters are obtained in advance that denote the

rel ati on between the adjustnent 15 of an adjustabl e specific optical

el enent and the change in imge form ng characteristics of the projection
optical system and are stored in the storage unit. And, whe 005
measuring unit actually measures the imageo form ng characteristic of the
projection optical system 20 the conputing unit then cal cul ates the
targeted adjustment amount of the specific optical elenent using the

relation exprepdidibeliwepmt eAd WHanRASW arerfe fdatdnef the image
form ng characteristic, the above paraneters, and the targeted adjustnent

amount of the cndraseaiifdtd aptdfcalheelpERict iAs icptdesdr isyaterhecause t he
above paraneters are obtained in advance and stored in the storage unit,
when t he i magendaruringy ahdracthet stdasureabertr didamt) dne dotaga [fp rmeagur ed
the targeted adjustnent 28 SEP 2005 21 anmpunt of the specific optical

el ement for cotregwtdbeyitsie c iafagde ermo ey toivar apttardadt isy sd@m,béheal cul at ed
easily, and by adjusting the specific optical elenent based on the

cal cul ati ob r &AW inthenifade g mithd e Radristate e kend Ppddj ect i on
optical systemcan be adjusted sinply but wth high precision. .
Accordingly, BREERSHGE ARRALabYodifd! Rahy NPy 52’[""1 HFORGEQN syst em

whose image forming characteristic is adjusted with high _precision, the
pattern of t hé’HFa]s‘-T@gJ_ca%‘/ﬁdfee“’t;r frﬁ# & rcé:ifi“%ﬂilélgt Hjéulto_tg\?gstqi%céﬁ\ﬂtterf Jood
ccouracy V12 e BTeleekl on SR Caln LMD LIS Goeep i ad ust end
element using a relation expression between an actual
10 measurement data measured by the measuring unit, the
parameters, and a targeted adjustment amount of the
specific optical element.
In this apparatus, parameters are obtained in
advance that denote the relation between the adjustment
15 of an adjustable specific optical element and the change
in image forming characteristics of the projection
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



optical elenment can be performed nmanually via an operator, 15 or, for
exanpl e, the second exposure apparatus can further conprise an i mge
form ng characteristics adjusting unit that adjusts at |east one inage
form ng characteristic of the projection optical system by ad?ﬁs$ﬁﬁ1 he
specific optical elenment according to the2120 cal cul ated targeted

adj ustnent anount. Wth the second exposure apparatus according to the
present invention, the image form ng characteristic subject to adjustnent

can be one i npgeLhLr BENGheCBBEREERET 8btEcalowekREntt e ri BRGE elc@rifign@he
characteristic 25 can include image form ng characteristics of a plurality

of types. In thggkakbeniggSehathetarasticngaunbe ealculeasdr @astdge form ng
characteristics of a plurality of types of the projection optical system
and the conputhagb@2adBuSEPng00heunptcidnccabtukate el etnange bed eaidjomst ment
anount of the specific optical elenent using a relation expression
bet ween an acthal catasliaetent rdatiatef the image forming chlaeadtearisdtiiccs of
a plurality of types neasured by the 5 neasuring unit, the paraneters, and
a targeted adp@sthenproasoaapnopptheadpeyisted 6pni gl aEDEPESCE SHER R he
second exposure apparatus_according to the present jnvention, the inmage
form ng charabbér Wéthchighbpeerisdondj LRERRRELLARY bePY nBGEL PO Hg 10
characteristics of various tgggﬁ, and conresponding t i mage form ng
e

characteri sti E¥PPSHFEuESt-BPa PERPPESLPENSPLAT3 s&@ﬁ%ﬁﬁ@h&f@ FER9®
cxatp o, (1S 3ol SN EhaLACk ot oLl SRR RVRRH Fectit O
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



15 In this case, the relation expression can be an equation that includes
a weighting function that perforns weighting on a coefficient of any term
in coefficients of each termof the Zerni ke polynom al. According to a
sevent h aspect of the present 20 invention, there is providngESFh;@&
programthat makes a control conputer of2an exposure appara

transfers a pattern of a nask onto a substrate via a projection optical
system execute a predetern ned process, the program making the control

conputer execyhei 8aROBHLELPALES5aSEhLhBECRr 8A§UYERehE WhbGhtcORdEhEONS are
set for making a Zernike variation table in response to an input of

information repateditoophfienlbtiencan assHbj ackepatiennexpndssnbor mtion on
a targeted inmage formng 23 28 SEP 2005 characteristic; and a making

procedure in phtebea Zarackealvaebatirenehabbetaef ofhehtaigegedfbomagegf or mi ng
characteristic corresponding to information on given aberration on
exposure of tbrasubject.spatteri aspiadeliicy 5fr éypeasweaouandi hputhef
information related to the projection optical systemand information on

t he gi ven 5 abmeratirdng \héh,t hbeppegeastessinsndl Pefargethd adnupdment
conputer of the exposure apparatus, by inputting 10 information on the
subj ect pattermodnd Pif sheatPeRifécarddicait RdelMgPget ed i mage forning
characteristic in the conputer, condition setting for maki g.a ger | ke
variation table is HéFFoFH@dSﬁﬁopﬁeeEBHﬁﬁféraPﬁaFBEHBnQECOFa PHe Pngh?.
Next, by Inputting inforamtion rebaledute 1R LRkeakkaR:gpLeal system

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



aberration into the conputer that has conpleted such condition setting,
the conputer nmakes a Zerni ke variation table of the targeted i mage form ng
characteristic that corresponds to the information on the given aberration
on 20 exposure of the subject pattern in response to the inpq%a Fhﬂhiis’
by only inputting mninmal information necessary for making t esEérnl e
variation table into the conputer, such as information on the subject
pattern, information related to the targeted inmage form ng characteristic,

25 informatiopphebatediteikheaRHoLeRbkeRgOBbEeaLLSESE@MyraRg o NfQiTald on

on the given aberration, a Zerni ke variation table of the targeted i mage

form ng charagheihsibs thale 6@rEREPEAFFetAd! RRagey TR r@RQr ati on on
exposure of a 2 8 SEP 2005 24 subject pattern can be easily nade. The

Zerni ke vari atharactabliecrivhcehresppndengcan ahserhatused onn gdtleer exposure
apparatus that conprises the same type of projection optical system 5
After creatingbtheaZeoni ke eapbatirenotfabhe isnbtieet patternddscmaaed adbove,
the program can further make the control conputer execute a cal cul ating
procedur e 3 n whisphnsehéot angenpdti mégénformatdovhaedeted $to ¢hef t he
projection optical systemis calculated in response to an 10 input of

actual neasur ereieciara eptiadds syaterbendatnd®rmef ithe Opr GhecGisieropt i cal
system based on the actual mneasurenent data and the Zerni ke variation
table. In suchPe&r@&3€n-by further inputting the actual neasurenent data

of wavefront aberration of the projection optical .system 15 the conputer
cal cul ates the targ8fP88 FREGRTPEFAINGS &HéFééﬁ& i%Pizagchﬁgrﬁﬁojection

opti cal SyStegb%%%%grogf the exposure apparatus, by inputting

10 information on the subject pattern and information
related to the targeted image forming characteristic in
the computer, condition setting for making a Zernike
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



the actual data and the Zerni ke variation table in response to the input.

Accordingly, only by inputting the actual neasurenent data of the

wavef ront aberration 20 obtained in at |east one nmeasurenent, the targeted

image formng characteristic can be cal cul ated by the conputepg sErcQgtel y
in a short period of tinme. Wth the firstoprogramaccording to the present

i nvention, the programcan further make the control 25 conputer execute a
di spl ayi ng procedure in which information on the targeted i mage forn ng

characteristigyptbat pastbeanceal sul ahed1liySmedsp! ayes Dareikh S@d Bya tivd -
Wth the first programaccording to the present 25 2 8 SEP 2005 inventi on,
the program caapiglt BRtichake iBdeg¢oBbhoklsoobpulisedexacutaeaneagdpeaskieng
procedure in which the projection optical systemis adjusted so that the
targeted i magepparatng characvepirises that shas bgee bfcakogkatédnbecones
optimal (for exanple, the difference between the target value is mniml).
Wth the firsbtpptogiasyateordi ng to the present invention, when the
targeted i mage formng characteristic is calculated in addition to the
maki ng of % he Zerni Réted caepbingnthablervéker vBsdasbovelabhe progham can
further make the control conputer execute: a making procedure in which
the Zerni ke vBRRAEFoAeBaBLEcHs aRRYE i hhEePFORTE™ 62D APETLNEE BRrKEeFBAt
information related_to the grojection calﬁ%ésten1and in

ti t of .
i nf or mati on oR°PRECGT FERPYS 5b§ﬁF§PF§nﬁogﬁﬁ€5& Fﬂf@F@ﬁFdPﬁggﬁﬁgwpbﬁh
related to th

(212129, L0, U g, PLOLeGLl A1 9B o0 XRLOT 3 BELOULALLNY iggeture 1

projection optical system is calculated in response to an

10 input of actual measurement data of wavefront aberration
of the projection optical system, based on the actual
measurement data and the Zernike variation table. 1In such
a case, by further inputting the actual measurement data
of wavefront aberration of the projection optical system,

15 the computer calculates the targeted image forming
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



projection optical systemis calculated by each different information
related to the projection optical systemin 20 response to i nput of actual
measur enent data of wavefront aberration of the projection optical system
based on the actual neasurenment data and the Zerni ke variati 2@ gg}pI& and
a deciding procedure in which an optinmum egosure condition t ci?d¥d by
finding information related to 25 the projection optical systemthat makes
the targeted inmage formng characteristic that has been cal cul ated becone

optimal (for exargiteiodheckl ffipnae hat waerntide ndias ggie Vabnerds mnimal ).
26 28 SEP 2005 In this case, the programcan further nake the control
conput er executamautset texeryrecadwrd) ust Wy g ddredu ot 1 minuinh 2Xp OSiug e
condition that has been decided is set. According to an ei ghth aspect of
the present 5 prwEsttiom dfiereal symstoan dedl ad hecondl 99 ogram tiat nakes a
control conputer execute a process, the program making the control

conput er executarIeL gt odealif f YMicyd cahandeiprsstie geat hamdgeednr i ng
characteristic of a projection optical systemin response to an input of

i nfor mati oR 10°3ePBkaed PR arqRitisw | feFaimEe chidhacdefferercand an
i nput of actual neasurenent data of wavefront,K aberration of the projection
optical systemCUHREY Gif tiRFIsctimhusebs hieheitl ldat a and a Zerni ke

variation table of V}j\r}ﬁé:ﬁ{%gft.eds i rlrga e form n% c%glracteri stic thal_'Et is 15
prepared i n advance. P HgPIRIeT fGRTEdY 9 H S FRFTINE conput er
?‘;r ;gfegxfgggﬁ}%@ﬂ%hﬁ PG od LB O 8 ASE L O d B¢ 5 ¢
is calculated in addition to the making of the Zernike
10 variation table described above, the program can further
make the control computer execute: a making procedure in
which the Zernike variation table is made in response to
input of different information related to the projection
optical system and input of information on the given
15 aberration, by each different information related to the
projection optical system; a calculating procedure in
which the targeted image forming characteristic of the
projection optical system is calculated by each different
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 deciding 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).



characteristic and the actual measurenment data of 20 wavefront aberration
of the projection optical system into the conputer, the conputer
calculates the targeted image form ng characteristic of the projection
optical system based on the actual neasurenent data and the Zerni
variation table of the targeted imge formgg 25 characteristic prepared
in advance in response to the input. In such a case, control conputers of
ot her exposure apparatus that conprise the sane type of projection

optical system can ysethhe £/ ke Ay Rigraf 2ar2& SEhA00mdalie which is
a Zerni ke variation table of the targete i mge formng characteristic

that is made ugntgdihedrpitler RMQIAB &f dde PIEIBcddiv@Ntidvhich the
Accordingly, only by inputting information related to the targeted image 5

form ng char aeiparingin &xpdidee ceididdioreadiyeney wada dfciddwe vmwafy.ont
aberration obtained in at |east one neasurenent, the targeted inmage

form ng charact eri striccorcamdoe oc alnc iatheth Bsddre cohmlteepasantately in a
short period of tine. In this case, for exanple, the image 10 form ng
characteristi ¢nvieat igreattihe ref fiec tpy avhieds drery es e dardripige Bfan Hehasulbyjedests
pattern is preferably chosen as the targeted image form ng characteristic.
Wth the secord GEdicdmERFEBtE hERF Ut HrREEIRss, rﬁk@]tnmra{nhénadﬁrw am

can further nake the control 15 conputer execute a rocedure in
whi ch i nf or nétiSF B e TR SHRGE S+ or%Hﬁf?ﬁiﬁ-}%&%‘g 1&%H&A9 has

been cal oul 2t o0 15 bl e O 8 opl B Mo WAL L Secon, gt am

control optical system in response to an input of information

10 related to the targeted image forming characteristic and
an input of actual measurement data of wavefront
aberration of the projection optical system, based on the
actual measurement data and a Zernike variation table of
the targeted 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



20 conputer execute an adjusting procedure in which the projection optical
systemis adjusted so that the targeted inmage formng characteristic that
has been cal cul ated beconmes optinmal. According to a ninth aspect of the
present 25 invention, there is provided a third programthat q?gquamns
control conputer of an exposure apparatuspihat transfers a pattern of a
mask onto a substrate via a projection optical system execute a

predet ermi ned process, the 28 SEP 2005 28 program maki ng the control

conputer execuigiea wgabsul ath Nge PR OCENHL L1 4Hi ¥hi €4 Be t BF OEhEdr adjustaent
anount of the projection optical systemis calculated in response to an

i nput of actughagBaSHFRIBY! cllatdcoérisvge Ehaor ik ngadbanachgrtsei €ioktt he
projection optical system using a relation expression between the actual
measur ement dgtagpimi sBgEhE Op Ak Sgnchinaeh et ost | Addwatdiregly besnl y riput
paraneters, and a targeted adjustnment anount of the projection optical
system the panpoeténg tlefiothagidd acietedi bo beeweangatgdsimeae of the
projection optical systemand a change in inmage form ng characteristics of
the projectioficepingathsystearisiih &histheogeawnaltneapuoghanti dakaseal | ed
in the control conputer of the exposure apparatus in_advance. 15 And,
when the actuthenwavafeapht adaraabionhebtiangeds 8RnfhgleAaFatl&ristic of the

projection optical system is input, the control conputer of the exposure
apparatus caleaFhtedephe thegbaedehafusnasst TAABLRE Eé?ﬁacgﬁﬁlsFéFation

expressi on betueen the, acy ual measy enent dale 200103tehgs hegnsiaput . the
period of time. In this case, for example, the image
10 forming characteristic that greatly affects the image
forming of the subject pattern is preferably chosen as
the targeted image forming characteristic.
With the second program according to the present
invention, the program can further make the control
15 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 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



bet ween the adjustnent of the projection optical system and the change in
the image form ng characteristics of the projection optical system and
the targeted adjustnent anount of the projection optical system That 25
is, the operator or the like only has to actually neasure th@8 88005
form ng characteristic (aberration) and irgut the actual nmeasurenent

val ues of the image formng characteristic, to calculate the targeted

adj ustment 29 2 8 SEP 2005 amount of the projection optical systemin order

to correct tRe i ragenh®fiMgng hehdoatlei HdmputhGCeddidles, a for exanple, by
adjusting the projection optical system based on the cal cul ated targeted

adj ust nent anewnitulbheny pregeduaeniing wtHahaet efdrsidtedfadihes tresjtect i on
optical systemcan be easily adjusted, with high precision. In this case,
t he program camofunitt lodr timek @ riche ctdant roglt icenpuysrt eax deuta lxwisg@dayimg
procedure in which information on the targeted adjustnent anount that has
10 been cal culratspdnise dios ginayiegpudn cf dicsplady madsurepant deta ik dyadsgr am
according to the present invention, the programcan further make the
control conpdicemicge chieg aart exdjsisid mf Prive QARIE G AthiH 1d7el 545t i on
optical systemis adjusted based on the target 15 adjustnent anount that
has been cal cWsdned a Vet blipd SHB%E SHricyr &8 dil'}fl‘g 3G 4qle present

.invention, the paraneters can be parameters dengting a r etlrﬁaét![ n tbei;tavgeen

adj ust ment  of "EASPEETEE SR AT St ORI 191> T Wt :
FLructures (g LOLSELCT 20 SR, LS A I 5 e
of the projection optical system, the parameters denoting

10 a relation between adjustment of the projection optical
system and a change in image forming characteristics of
the projection optical system.

With this program, the program is installed in the
control computer of the exposure apparatus in advance.

15 And, when the actual measurement data of the image
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




be an anount of the specific optical elenent that needs to be adjusted.
Wth the third program according to the present 25 invention, the inage
form ng characteristic can be a wavefront aberration expressed in a

Zerni ke polynomal. In this case, the relation expression cansgg) %
equation that includes a weighting functi @9 that perforns 28 08205 30
wei ghting on a coefficient of any termin coefficients of each termof the
Zerni ke polynomial. Wth the third program according to the present

invention, themyag &F cafe fgrdhert imkeddie0onysdend icomudar wxecute: a
condition setting procedure in which conditions are set for nmaking a

Zerni ke vari atdedrd@blhe iimages furee dg dradayudr ieft idf oraebirddnyélyat ed to
information on a subject pattern and an input of information on a targeted
i mage form ng hareacdmrlest iy, ol jiGtalg rdhepooreiduate am ol ictala SAertrerke
variation table of the targeted inmage form ng characteristic correspondi ng
to informatiorbasediber rdtd aralici leddel targedsgsbragh usimant iagpuintof the
information related to the projection optical systemand information on a
gi ven aber Pat i B¥R 9P @ rsy «HladiaHie Hd o &fd e iy Qi CH- ath € Rt Gfek ed
image formng characteristic is calculated in response to an input of

act ual measur enEHCH AN dte V@R omtdIalideht ivoirf o 4k PLi%i @ on opti cal

STk oased o e s etenl dala A ghe FerAAS A apd ebl e, 20
further make tc?oené:gonf rc%mpt?toerg)uetxeercuetxeeCaUtoeisaplda!fi%lga)grr&eoc[@rceedi% %Hﬂ:ﬁml ch.
information on the targeted adjustment amount that has
10 been calculated is displayed on a display unit.

With the third program according to the present
invention, the program can further make the control
computer execute an adjusting procedure in which the
projection optical system is adjusted based on the target

15 adjustment amount that has been calculated.

With the third program according to the present
invention, the parameters can be parameters denoting a
relation between adjustment of a specific optical element
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



information on the targeted i nage form ng characteristic that has been
calcul ated is displayed on a display unit. 25 Wth the third program

according to the present invention, the programcan further ﬁ@fﬁéfq?s
control computer execute a converting procedure in which in ion

obtained on light via the projection optiggal 31 2 8 SEP 2005 system at one
nmeasurenent point at the least in a field of the projection optical system
is converted into actual nmeasurenent data of the wavefront aberration of

the projection optjcal system_.b. di R0 49 Betmnih aspeficbéntieot
present i nvertg g t1RhP ?scr%%g}ég‘%ﬁ)% t hi ?in mage form ng characteristics

adj usting nmethod in whic I ; RResbmagemfiaim ng characteristic of a
projection(ﬂﬁ%%%]t%§%t%€1?éeaggﬁé%ed,p Fﬁe met hod i ncl udi ng: a neasuring

process in which 10 i nforyatiQp.§ebabgdahoasayelitngt tabeheaprenscot the
projection optical systemis neasured; and the image formng

characteristic @%nggéHStE ebﬁrgékﬁhngaanfomthealmaéEehbﬁtCQﬂtFﬁé proj ection
opti cal systeh? ased on data of a relation between an adj ustne unt

nt .a
of the optica&o&é gggngggcaeg;aacbaﬁgetﬁnncsettﬁ©genﬁ§céﬁué§cHnt@%ﬁF'n a
Zer ni ke pélynonl F, and the information related to_ wavefront age&ration.
Wth this metpgdqiwhensadiveskieng far medsngore Zeragde VaFdfhgthafdcteristic
of the projection optical system 20 information relaée totthe wavef r ont
aberration of jhheepbeineet iten soptinpalt Sfstievhordatesduréa? &d *Sased on t he

information related to the wavefront aberration that L% qe%&ured and data
on the rel ati gnfhetatdont oo &djsudirett pattern and an 1npu

information on a targeted image forming characteristic; a

10 making procedure in which a Zernike variation table of
the targeted image forming characteristic corresponding
to information on aberration is made, in response to an
input of information related to the projection optical
system and information 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 éptical 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




anount of the optical elenent of the projection optical 25 system and the
change in coefficients of each termin the Zernike polynomal, the inmage
form ng characteristic is adjusted by driving the optical elenent. In this
case, the targeted adjustnent anount of the optical elenent for 31/1 20
SEP 2005 correcting the inmage forning charggteristic of the pr@jBe8EP A0S
optical system can be cal cul ated easily, based on the adjustnent anount of
the optical elenent of the projection opti cal systen1and t he change in

coefficients 5 of e ahtt éﬂrﬁ@a r@hgeé(glrpgl ypo. %@Qgttbﬁ a field

i nformati on reslyst wave tron t been neasured. As

a consequence, Q%S{Eagfj @JJ{M hﬁéﬁcéﬁétérﬁ'fsocfzoﬁbér’@éél eatboncenkical
easl |

system can be ° gh precision. 10 According to an

el eventh aSp_eCrf\] é)éufé}ﬁ‘erweéa?dﬁ of m/k@éltw&xﬂeffdﬂ@t eab&rpaoybAedranhexposure
met hod in whi a pattern is transferred onto an object via a projection

optical systemrde-teihasht ed Uk pgtemmeasuring process in which
information related to wavefront aberration of 15 the ection optical
systemis Reasur edPCePkHIRAl &R i AgtepEBcaspech i dihe %?%%?t'edlf‘?’?ﬁ gion,
form ng charact erl stjc ul ated for each_of a Xxpasure
condi ti ons setER@re MﬁéﬁFQYﬂgEggﬁ%é?Wﬁ?g %?%cf%ﬁmb98tﬁéarﬁFgF5&F% %
optical system based on t nf or tlon 0 reI ted to. e berration
and a Zerni ke Y131 m?gb?% that Jrcého a}'%%%l bg’/nﬁl ik %ggakérg@%e er ni ned

et ™ A O BT RS Sern Bl Al ancs ot b
in each of a p%Hé%%é{Hb@flncludlng: a measuring process in which
10 information related to wavefront aberration of the
projection optical system is measured; and the image
forming characteristic is adjusted by driving an optical
element of the projection optical system, based on data
of a relation between an adjustment amount of the optical
15 element and a change in coefficients of each term in a

zernike polynomial, and the information related to

wavefront aberration.

With this method, when adjusting at least one image
forming characteristic of the projection optical system,
20 information related to the wavefront aberration of the
projection optical system is measured, and based on the
information related to the wavefront aberration that is
measured and data on the relation between the adjustment
amount of the optical element of the projection optical
25 system and the change in coefficients of each term in the
Zernike polynomial, the image forming characteristic is
adjusted by driving the optical element. In this.case,

the targeted adjustment amount of the optical element for



25 ternms in the Zerni ke polynom al; and a transferring process in which
the pattern is transferred onto the object with an opti num exposure
condition set with respect to the pattern, based on the targeted i mage
31/2 28 SEP 2005 form ng characteristic that has been cal cul ated for each
of the exposure conditions. Wth this netBod; the information r@0t8ed 26
the wavefront aberration of the projection optical systemis 5 neasured
prior to exposure, and based on the information related to the aberration

and the Zerni kg, vatlat g r‘i@birﬁa éh?%ing 8?%2538919@%@'&“'&? Lpg the

targeted i mage ormng’ characteris rojection optical system in

Jet s | ! A . j . . ys.
each or a plur ac? ée/ctgf;orggér 1&51%‘?5@8&1”%56 Ba XQ?%i‘étéQ. %B@F%g?{/ygb‘éls%?i,a

pr edet er mi ned ration to eac termin a Zernike nom a

the targeted iJgmoend dy Ngm&har aRE8RESLECERAr Bpeaball aiedeher ogagheof 2
plurality of exposure conditions settable when the pattern is projected by

the projecti ornpepidsed o yspeita Angdys¥eRNandSt B¥PEEHABel $nPebk@rARd entRe
optimum condition is set for the pattern based on targeted nage form ng

characteri sti cof cedchl odanl fortie@acheohikbepexpasnialcand thens, and the
pattern is transferred onto the object. Therefore, because exposure is
per f or med undeinfdenaptonmene Lanedt tontRO wevefdbnyg abetletpanht ¢ehar hhe
pattern can be transferred onto the object with good accuracy, even when
it is fine paeer meadgerrdi nds @ cavedquénespeche ofmadre Heosbmy
invention, there is provided a third exposure apparatus 25 that transfers
a pattern ontoccRarabieeistia @f pklofeRFPofRCEpPNcaAPtsgateAYSERB ERPobEare

apparatus conprising: a
PP rﬂ%djusé%d easily with high precision.

10 According to an eleventh aspect of the present
invention, there is provided an exposure method in which
a pattern is transferred onto an object via a projection
optical system, the method including a measuring process
in which information related to wavefront aberration of

15 the projection optical system is measured; a calculating
process in which a targeted image forming characteristic
is calculated for each of a plurality of exposure
conditions settable when the pattern is projected by the
projection optical system, based on the information

20 related to wavefront aberration and a Zernike variation
table that is obtained by giving a predetermined value of
aberration to each term in a Zernike polynomial and
calculating a targeted image forming characteristic of
the projection optical system in each of a plurality of

25 terms in the Zernike polynomial; and a transferring
process in which the pattern is transferred onto the
object with an optimum exposure condition set with

respect to the pattern, based on the targeted image



conputing unit that obtains a targeted inmage formng characteristic, based
on information related to wavefront 31/3 2 8 SEP 2005 aberration of the
projection optical systemand a Zernike variation table that is obtained
by giving a predeterm ned value of aberration to each termin a Zernike
pol ynom al and cal cul ating the targeted image 5 form ng char acta$ iSEPi 205f
the projection optical system in each of a plurality of ternms in the
Zerni ke polynomal; and an adjusting unit that adjusts at |east one inage

form ng char ackgehsblochlsbigeps gk gel kan: Bl saeroYatbiemibased A qnecel

the information re wavefront aberration an targete

form ng charagterhst bgpbhBatehdsnbBeenogal cul ated. Wth this apparatus, the
conputing unit obtains Fhe targeted inage form ng characteristic, based on

the information relgied tRikhRevAY¥E] M AL abgbh-akitaBnofralile ekb gy ajipcti on
optical systemand the Zerni ke variation table obtained by calculating the

targeted i mgewheemiragt aBaragtephsbifc thk bhejpicejiest iopt iRl GAlstsamstam in
each of a plurality of terns in the Zerni ke polynomal, by giving a
predet er mi ned wabkserefl abévratborxposeaeh bBadmb2@eidn onhehferimfleermation

pol ynom al. And, the adjusting unit adjust the inmage formng
characteristicreflathd profbet BbrrreptiboaknslyshemZieasedeorvartia tiidfrortetieon
related to the wavefront aberration or the imge form ng characteristic

t hat has been ééﬁéuﬁét@étaﬁﬁéérBVnQE}FUﬂﬁéipﬁaégefGﬁm%%§qﬂskﬁ%wacteristic
of the projection optical systemis adjusted wi,th good accuracy including
the high order £CEBABENERELBEEREISRIENE LI FP6r RECT SR LRONACEF 1C3 1t ifystem

in each of a plurality of terms in the Zernike polynomial

10 and by giving a predetermined value of aberration to each
term in a Zernike polynomial, the targeted image forming
characteristics are calculated for each of a plurality of
exposure conditions settable when the pattern is
projected by the projection optical system. And, when

15 exposure is performed, the optimum condition is set for
the pattern based on targeted mage forming characteristic
calculated for each of the exposure conditions, and the
pattern is transferred onto the object. Therefore,
because exposure is performed under the optimum condition

20 according to the pattern, the pattern can be transferred
onto the object with good accuracy, even when it is fine

pattern.

According to a twelfth aspect of the present
invention, there is provided a third exposure apparatus
25 that transfers a pattern onto an object via a projection
optical system, the exposure apparatus comprising: a
computing unit that obtains a targeted image forming

characteristic, based on information related to wavefront



wavefront aberration, or adjustnent to correct the 28 SEP 2005 31/4
targeted image form ng characteristic with good accuracy is perfornmed. In
any case, by using the projection optical systemthat has been adjusted to
transfer the pattern onto the object, fine patterns can be transferred 5
onto the object with good accuracy. Accordifgzto a thirteenth 2&F€Et 200§ the
present invention, there is provided a fourth exposure apparatus that
transfers a pattern onto an object via a projection optical system the

exposur e appar abes ré@iphi sifN@hea pkd jEcdiage dpiicdihaly St esndlad az& ghaked
to a relation between an adjustnent anmount of an optical elenent of the
proj ection opt vealiatyshenednd ahehange dotecioafd it} eniwimg aeach termin a
Zerni ke polynomi al; and an adjusting unit that adjusts at |east one inmage
f or mi ng char acpeedstieemahetl5 veiaepod] exdtdrarataptri dad et ere brasiad on
information related to wavefront aberration of the projection optical
syst em and t he ZéanakeWpoh ynhhing adpgadatass,,culed iadj udte g ugetteddinesgs t he
image form ng characteristic of the projection optical 20 system based on
the data orPt héOrBILAY 6hapechedn Sthe @cﬂ (R temeto J@fduimn oipt iea bpiy sgn

el ement of the,6 projection optical system and the change in coefficients
of each term i A"t RECPePhi RePporGddiYale fart® ¥ e 11 it 5 ke el ated to the

wavefront aberration of the 25 projectiqn opti.cal systemthat are stored in
the storage  URPLYPPRLET o E8eE" BEOUMA NG N Gt AR etk 1SAtunt of

the optical element for correcting the inage. fornming characteristic of the
proj ection opt P&l *8§¥fe 9 projection

optical system based on one of the information related to
10 wavefront aberration and the targeted image forming

characteristic that has been calculated.

With this apparatus, the computing unit obtains the
targeted image forming characteristic, based on the
information related to the wavefront aberration of the

15 projection optical system and the Zernike variation table
obtained by calculating the targeted image forming
characteristic of the projection optical system in each
of a plurality of terms in the Zernike polynomial, by
giving a predetermined value of aberration to each term

20 in the Zernike polynomial. And, the adjusting unit adjust
the image forming characteristic of the projection
optical system based on the information related to the
wavefront aberration or the image forming characteristic
that has been calculated. Accordingly, the image forming

25 characteristic of the projection optical system is
adjusted with good accuracy including the high order
component based on the information related to the

wavefront aberration, or adjustment to correct the



31/5 28 SEP 2005 can be easily cal cul ated, based on the data on the

rel ati on between the adjustnent anount of the optical elenent of the

proj ection optical systemand the change in coefficients of each termin
the Zernike polynomal 5 and the information related to the wa&8f$&he005
aberration (such as the neasurenent valugg/daf the wavefront aberration),
the image form ng characteristic of the projection optical systemcan be
adjusted easily with high precision. And, by perform ng exposure using the

10 proj ecti on ?giégeédwﬁég@ Egﬁﬁxiﬂgsc%%c@@jﬂi%ﬁ:@@, wilhe gorld erdtwedc pe

transferred on e Oobject wmth godod accuracy. According to a fourteenth

aspect of the Eﬁe§89korhgaentiﬁﬂhn§fﬁﬁééjprr@yiﬂ@dtnefbfbﬁeexmoaure
apparatus 15 that transfers a pattern onto an object via a projection

optical system,,the;exppsteRf eRRArAhYSbeeAPhidIuBgedatocamputisifiey urtid that
obtains a targe?ed image formng characteristic when a plurality of
exposure condi bhepsrnapft&ethabbpejeatpr giaet pagtehaspabhelbr Wyrartweferred
projection 20 optical system based on information related to wavefront
aberration »f bheopthgpeobijeatopitbalosystenuandya Zerni ke variation table
that is obtained by giving a predeterm ned value of aberration to each
termin a Zerni ke potyndmhal tand thictranthygaspectaPrdettd® PREFE™S formi ng
characteristic of the projection optical system in each of aepluralit of
terms in the Zénwer&iopel fhekkals BRAVARSEXBoLOMNE ELOREPISHIT PRAHI2Set s an

opti mum exposure condition for the pattern, based.on,the 31/6 . .
P P that transfers a pattgrn onto an object via @ projection

optical system, the exposure apparatus comprising: a

10 storage unit that stores data related to a relation
between an adjustment amount of an optical element of the
projection optical system and a change in coefficients of
each term in a Zernike polynomial; and an adjusting unit
that adjusts at least one image forming characteristic of

15 the projection optical system based on information
related to wavefront aberration of the projection optical
system and the data.

With this apparatus, the adjusting unit adjusts the

image forming characteristic of the projection optical

20 system based on the data on the relation between the
adjustment amount of the optical element of the
projection optical system and the change in coefficients
of each term in the Zernike polynomial and the
information related to the wavefront aberration of the

25 projection optical system that are stored in the storage
unit. In this case, because the targeted adjustment
amount of the optical element for correcting the image

forming characteristic of the projection optical system



28 SEP 2005 targeted image form ng characteristic that has been cal cul ated
for each of the exposure conditions. Wth this apparatus, the conputing
unit calculates the targeted inage form ng characteristic for a plurality
5 of exposure conditions that are settabl e when projecting th?épg%ﬁqpﬁ W th
the projection optical system based on &Resinformation related"to the
wavefront aberration of the projection optical system and the Zernike
variation table obtained by calculating the targeted i mge form ng 10

characteristic _of the _pr.qjecti,on optical em i o] urality of
terms in the Z8nPRe eﬁ&llﬁrbfor%aéc,ujba&eagﬁ vl?a?\%&g %ﬁe&%g(??ﬁc%e%n\% {ae of

aberration tOr%ﬁ%Q#ﬁ?wQeéd%é%p%Hémﬁﬁ' A yhom &hnt ADE, thBeogXpesyr e

control unit “sets e optimum exposure condition for the pattern based 15

on the targeted dnmge of@:%rqey%r@%@&ﬁ&ri&éﬂfcébaéy@@ém Beenckal enbated for

each of the exposure con In this manner,” exposure is perforned

under the opt UM, Gy A TQAPNKE Y 10 the peihekd, pbhenenoae, even
if the pattern is a fine pattern, it can be transferred 20 with good

accuracy o# thephiRctin fAsetdidiy ddl s dd fieetiid aspecttont htberpaesent
invention, there is provided a fourth programthat nakes a control
conput er of an oy empparaatwrsendrat vd Tansfef stlae paavefnoot a mask onto
an object via a 25 projection optical system execute a predeterm ned
process, the gireagraamharaki e Henagmnt formopcheraekeciyseicacfnehsuri ng
procedure in which information related to wavefront aberration of the
proj ection optirsdleayistrerartsi G218 SEEENOERBIPY adjusted easily with

high precision. And, by performing exposure using the

10 projection optical system that has been adjusted, the
pattern can be transferred onto the object with good
accuracy.

According to a fourteenth aspect of the present

invention, there is provided a fifth exposure apparatus

15 that transfers a pattern onto an object via a projection
optical system, the exposure apparatus comprising: a
computing unit that obtains a targeted image forming
characteristic when a plurality of exposure conditions
are settable on projecting the pattern by the projection

20 optical system, based on information related to wavefront
aberration of the projection optical system and a Zernike
variation table that is obtained by giving a
predetermined value of aberration to each term in a
Zernike polynomial and calculating the targeted image

25 forming characteristic of the projection optical system
in each of a plurality of terms in the Zernike
polynomial; and an exposure control unit that sets an

optimum exposure condition for the pattern, based on the



measured; and an adjusting procedure in which at |east one inmage formng
characteristic is adjusted by driving an optical elenent of the projection
optical system based on data of a relation between an adjustnent anount 5
of the optical element and a change in coefficients of each tgpngdm s@s
Zerni ke polynom al, and information relaggdgsto the wavefront aberration.
According to a sixteenth aspect of the present invention, there is
provided a fifth programthat makes a 10 control conputer of an exposure

appar at us that 4 ansler fuad PAVLENT, Ol B SRSk, PI . 20,001 £E) KEaya

projection optical  System execute a predetermned process, the “program

naking the contsol, cONpyTes, GXRONLS: A.JRASMLND, DLEGRONGR.IN whi ch

information related to wavefront ation o e projection optica

systemis measured;y;gn cah £4l B3 o I OC MK bl £ @nierggiedibrege
formng characteristic is calculated in a plurality of exposure

condi tions setipbl€ayhehedr Dhefd | iy PR LA OYidhEc PEP] £ChLaPaoptical
system based on information related 20 to wavefront aberration of the
proj ect i on s0ptd £ adx By st LN codh 81 odes Nitker varé adé otath Bdl whéhaprb $eobtagned
by giving a predeterm ned value of aberration to each termin a Zernike
pol ynom al andtlcal pata¢imgeitie the geteecinbge oftica hgs ghaermctleassdi onof
the projection optical system?25 in each of a plurality of ternms in the
Zerni ke pol ynome al nfearma bl on arsfated ngp prloeedavef Tonwhikéerraeiopadfern is
transferred onto the object with an opti mum exposure condition set with
respect to thetpatReehecChhaePBai® bes GHreD 5 obhe hee ¥k ket el { ahgen

form ng characterjistic that has ) ) ,
table obtained by calculating the targeted image forming

10 characteristic of the projection optical system in each
of a plurality of terms in the Zernike polynomial, by
giving a predetermined value of aberration to each term
in the Zernike polynomial. BAnd, the exposure control unit
sets the optimum exposure condition for the pattern based

15 on the targeted image forming characteristic that has
been calculated for each of the exposure conditions. 1In
this manner, exposure is performed under the optimum
condition corresponding to the pattern, therefore, even
if the pattern is a fine pattern, it can be transferred

20 with good accuracy on the object.

According to a fifteenth aspect of the present
invention, there is provided a fourth program that makes
a control computer of an exposure apparatus that
transfers a pattern of a mask onto an object via a

25 projection optical system execute a predetermined process,
the program making the control computer execute: a
measuring procedure in which information related to

wavefront aberration of the projection optical system is



been cal cul ated for each of the exposure conditions. According to a
seventeenth aspect of the present invention, there is provided a sixth
programthat makes a 5 control conputer of an exposure apparﬁé sl%hat
transfers a pattern of a mask onto an object via a projectio gp‘? Fc 4005
system execute a predetern ned process, tB&/7program naking the control
conput er execute: an obtaining procedure in which a targeted inmge form ng
10 characteristic is obtained, based on information related to wavefront

aberration of \the pieddPmrpidpadt sygterocaddra Zernhkehvati aereft tabl e
that is obtained by giving a predeterm ned value of aberration to each
termin a Zergyke fi)e/ it@in@rshosdctd at shict he adjyeted brageiydnfor mi ng
characteristic of the projection optical system in each of a plurality of
terms in the Zgy ke cdiolemnamamt ;ofanthanprdjestioyg ppbéeddr 8yBheWhi ch at

| east one image form ng characteristic of the projection optical system
i s adj usted, hasedi an tdecd ndDraraté bat POnrleeavednt anwadabpeRENEbaFPANCoN
and the image formng characteristic that has been cal cul ated. The first
to sixth ppografetiod dpteigakselenényeandon chandpelst 6PEALLA1IENSEoPEge
medi um Therefore, according to an eighteenth_aspect  of the present

i nvention, theract25témn pimvd detir hke nP%FHﬁPi“bﬁlst8P§génrfr8(ﬁmﬁﬁlpﬁ‘at can be

read by a conputer in which ang ope O% tge fiéstnto sixth programs is
recorded. In aeRfiatem tenthe |y ﬁ%g?%ﬁ i 8°PF58&48T by 2 8 SEP 2005 31/9

ecording to [ he praSERFa FehEi ne s *ceeith' dsbkbklofPXRRSHER SBpRArat s

invention, there is provided a fifth program that makes a

10 control computer of an exposure apparatus that transfers
a pattern of a mask onto an object via a projection
optical system execute a predetermined process, the
program making the control computer execute: a measuring
procedure in which information related to wavefront

15 aberration of the projection optical system is measured;
a calculating procedure in which a targeted image forming
characteristic is calculated in a plurality of exposure
conditions settable when projecting the pattern by the
projection optical system, based on information related

20 to wavefront aberration of the projection optical system
and a Zernike variation table that is obtained by giving
a predetermined value of aberration to each term in a
Zernike polynomial and calculating the targeted image
forming characteristic of the projection optical sy;tem

25 in each of a plurality of terms in the Zernike
polynomial; and a transferring procedure in which the
pattern is transferred onto the object with an optimum

exposure condition set with respect to the pattern, based



patterns can be fornmed with good precision on a substrate, which allows
production of highly integrated m crodevices 5 with good yield.

Accordingly, further from another aspect of the present invention, there
is provided a device nmanufacturing nmethod that uses one of t?eafi bS o]
fifth exposure apparatus of the present gpygntion (that is, é«gvi c

manuf acturing nmethod that includes the process of 10 transferring a pattern
onto a photosensitive object using one of the first to fifth exposure

e ¢ bRl T MIED (RIS O G X AR £ OOPRE B e n b nadl) usti ng

t he projection optical™s emu g one o Irst to third inmage

formng char agi&ri sti £, B 41t db-Hres hoth &Td o e REGH@LE i ORs Opt i cal

system has been incorporated into the main body of the exposure apparatus,
32 28 SEP 2005 t he Acmged froy nigg clevectesnth i aspdit the Phojreesont optical
system can be adjusted with good accuracy. Accordingly, yet further from
anot her aspectimfenthicon pridsere inverevVoded the? Rty PFQYF e dt 2 frelR? KES nét hod
of 5 an exposure apparatus that includes the process of adjusting_the
proj ect i onSoptG@H r &Y TR WSS HiP orid! I XRPBILS | FRRAEJ 15 FRAT nﬁ@%ngg‘?ﬁls ng
characteristics adjusting  nethods. 10 BRI EF, DESCRI PTI ON OF THE DRAW NGS
Fig. 1is a schetlberyieh SHRG hPREC ot i Yttt oft? i Rr°Epotete

appar at us accordin nbodi t of th ' i on;, Figs.
2F aro v ews 1O Bttt IR TG S TS T i RTEIC T BT RTYERT onthst “hovabl o

Ive

lenses or the Like tNAlkAS S VEMOPol NEBIL 89 Qe 2aRaSBtaining

procedure in which a targeted image forming

10 characteristic is obtained, based on information related
to wavefront aberration of the projection optical system
and a Zernike variation table that is obtained by giving
a predetermined value of aberration to each term in a
Zernike polynomial and calculating the targeted image

15 forming characteristic of the projection optical system
in each of a plurality of terms in the Zernike
polynomial; and an adjusting procedure in which at least
one image forming characteristic of the projection
optical system is adjusted, based on the information

20 related to wavefront aberration and the image forming

characteristic that has been calculated.

The first to sixth programs of the present invention
can be stored in a storage medium. Therefore, according
to an eighteenth aspect of the present invention, there

25 is provided an information storage medium that can be
read by a computer in which any one of the first to sixth
programs is recorded.

In addition, in a lithographic process, by



Fig. 3 is a schematic perspective view of a neasurenent reticle; Fig. 4 is
a view showi ng a schematic view of an XZ 20 cross section in the vicinity
of an optical axis in a state where a neasurenent reticle is nmounted on a
reticle stage, along with a diagramof a projection optical <pEtsemgf 9- 5
is a view showi ng a schematic view of an3xZqg 25 cross section in the
vicinity of a -Y side end portion in a state where a neasurenent reticle
is nounted on a reticle stage, along with a diagram of a projection
optical system 33 28 SEP 2005 Figs.. 6A and 6 [ i oW, a
measurement  patt e dHY %Hoe?%eeﬁﬁselrb%t?%? pofoghrr%dg%gg? hggrrgéggperrent
reticle in thig eonspl.lordeI rgepr%éara{t s?ecééc}/]%yn? E’%ng'?gea' %ﬁ%s%%ewiﬁbéﬁkion,

i St
schemati cal |l y Show ng a control algori o] a main controller

for neasure ttt%fré?slnsé.ag?fgrﬁ%f 95}{?0@8 QE%&\A@%}%@? deci@ihn d$Pha¥ubstrate,

(simulation); "Fig. w chart s rocessing in subroutine

126 of Fig. 7, pLQiFif1 QA IS ems$hom iggidl ¢ edueedrhmageni babaglk i desage)
of the nmeasurenent pattern fornmed at a predeterm ned spacing on the resi st
| ayer of aswafgrsn afbd i1 PB aecd rdiew 1ShoWiuy: He POBtdn aitedt et adspact
between the latent” i mage of the measurenent pattern in Fig. 9A 15 and a
| atent image off anefmreanae pattaitior gthdfei s apsecidedak deewcshowi ng an

exanpl e of a portable wavefront-aberration nmeasuring unit; and

manufacturing method that uses one of the first to fifth
exposure apparatus of the present invention (that is, a
device manufacturing method that includes the process of

10 transferring a pattern onto a photosensitive object using
one of the first to fifth exposure apparatus).

In addition, when making the exposure apparatus, by

adjusting the projection optical system using one of the
first to third image forming characteristics adjusting

15 method after the projection optical system has been

incorporated into the main body of the exposure apparatus,



Figs. 11A and 11B are views show ng beans outgoing froma mcrol ens array,
in cases where there is no 20 aberration in the optical system and where
there is aberration in the optical system respectively. Best Mde for
Carrying out the Invention An enbodi nent of the present invention will be
25 described below with reference to Figs. ;L to 9B. Fig. 1 shouB $fPed¥d re
structure of an exposure apparatus 10 according to an enbodi nent of the
present invention. Exposure apparatus 10 is a reduction 34 2 8 SEP 2005
Proj ecti on expesiy & ARRATAL#S niAsed Q. SAAANGY HeRl,  JRtNad, o a
pul se- g e

so-cal | ed stepper, whi'ch uses aser ht™ sour S an exposure
l'i ght source (Q@&ﬁb%qf%@%tenp%bhe@eaéHfd&hﬁxﬁQHﬁﬁ@"fxxﬁfﬁﬁﬂﬁﬁ&éﬁlapparatus
i ght sourc

10 conprises: an illum nation system rfade up of a _ 6 and an
iIlumination oRidcG@lingst eRet2;fudthelr &S Eage iRST MYt $h Y8 as a
mask stage holding a reticle R serving as a mask, which 1is illumnated

Wi th exposure ipregrintating@nitiight, Ehelk@ ser pgiaedan aRKiGY RRAMIJ ¢ the
illum nation system a projection optical system PL which projects
exposure % | urinnatipors ulrieg A pBlraenist téc tf Hemlnelkisc k@ eRporice sz waf er W (on
the i mage plane) serving as a substrate; a wafer 'stage WST serving as a
substrate stagedgmswhiinghtheZptricljects ost age 158 1f ey shemdiusg naafber Wi she
mount ed; and a control systemfor controlling the above parts. Light
source 16 is afpdas$etql thavdolieadki derndogr charekie rémitis spaldge sitiiglat
havi ng a mavelen%%h in the vacuum ultraviolet range, such as an F2 | aser
(a wavel ength Bfthods.

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 is 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;



20 157nm) or an ArF |laser (a wavelength of 193nm. Alternatively, |ight
source 16 nmay be a light source that emts pulse |ight having a wavel ength
inthe far- ultraviolet or ultraviolet range such as a KrF excinmer |aser
(a wavel ength of 248nm). 25 In actual, |ight source 16 is arrah@kPi 20
service roomthat has a | ow degree of cléanliness, different from a clean
room where a chanber 11 is arranged. In chanber 11, an exposure apparatus
mai n body is housed that is 35 28 SEP 2005 nmade up of parts such as various
el enents of illuninaigon cmpinhdabBsyseemie@s sboWéhg 8t B§ESRSEMEPLoj ecti on
optical systemPL, and wafer stage WST, and |ight source 16 is connected
to chanber 1lpyi®esan! aght at rafisnencenpaspeirealf o5Meds PEM -(ifo NSRRI Fhe
light transmtting optical system includes at |east an optical axis

adj usti ng optteamicleysnenhial pebodineaiv naEERERGLYSiY ‘as a part of its
system An internal controller of the apgara us %ont he .on/ qQf f of the

.l s
out put of |aser beaFi@B, 7t he enétgy 6ParioSFiEEf 685&3¥BS &G Se,
oscillation frequency (repetitiaon frequency), t.he center Y gth and
hal f band wi gentralspéeprafhPwedt A s?ﬁt f?g \ﬁav@ll&n&%r%rrgonlgle eﬂé’ﬁ‘g the |ike
of light source 16, according to caontral .infan i S far mai n
control | er 5ome§5urpmﬁﬁFnSFigH SPEOEal O mcfgg%gﬁg?ﬁgggfpghg%an} shapi ng
illum nance uniformty tich system 20 which includes parts such as a
cyl i nder | ensdigP @Xnﬁé%ﬁ&&& r “(rfone are shown), an optical integrator

(honogeni zer) 22; ?.rj!gi.l |8ugisngt qur,sggtae:r@ PRI WEL Stopdtimg@4n a first
écon

20 relay lens 28A;, a relay lens 28B; a reticle blind
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. 92

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 abérration 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



30; a mrror Mfor deflecting the optical path; a condenser |ens 32, and
the like. As the optical integrator a fly-eye lens, a rod integrator
(internal reflection type integrator) or a diffracting optical 25 el ement
can be used. In this enmbodiment, since a fly-eye lens is used g spptipgp!
integrator 22, it will be referred to as3fily-eye lens 22 hereinaéter. Beam
shaping illum nance uniformty optical system 36 28 SEP 2005 20 is
connected to the light transmtting optical system (not shown), via a

l'i ght trans”i§§B?@cﬁﬁBﬁoé&éasQ&@VaﬁpdraﬁﬂstbaséhaGEEE dtepttinshappeathe
cross section of | aser beam LB, Ichis emtted fromlight source 16 and

enters 5 beammshapdngoirl kugbraateednsteppetry eptchalissgstepu2Bevilaselri ght
transm ssion wi ndow 17, using parts such as the cylinder |ens and beam
expander. Flyldygatl ensr22 s bheexpriuirsi dégbt beamcehdpenginkftrirnance
uniformty optical system20 forns a surface |light source (a secondary
li ght 10 sour celledhiach liighftageuygges? -a | arge nunber of point |ight
sources on the focal plane on the exit side arranged so_that it
substanti a¥ly coi ncE4eesHirehaprarapupi LOpraneréfesy| ahi hatPBANBpLPRAl
system 12, with the |aser beamthat has its crgss %ectioﬁ shageﬂv in order
to 15 il | uni n&YSLest F@ce RPWCLh qudilEBtmSPHIGR h8n8BY astritBlt 8k Phe
| aser beamemtted fromthe condary , Iigh% sQu is.hereinafter referred
to as "illuni RRI&R FW&ﬁPmEaif P TERd CHECoH é%%tW§lF§c§Fr8F§ngso% the
exit side 20 _of .fly-eye.lens 22, illum,nati em.ape e sharnp plate
24 constitute&mﬁf g%ﬁifkh#i@énﬁéﬁbgFtﬁgh%i?p%%§§¥%% 220

is illuminated with exposure illumination light EL

10 serving as an energy beam from the illumination system; a

projection optical system PL which projects exposure

illumination light EL emitted from reticle R onto a wafer

W (on the image plane) serving as a substrate; a wafer

stage WST serving as a substrate stage on which a Z-tilt

15 stage 58 for holding wafer W is mounted; and a control

system for controlling the above parts.

Light source 16 is a pulse-ultraviolet 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



And, on illum nation system aperture stop plate 24, for exanple, an
aperture stop (conventional stop) constituted by a circular opening, an
aperture stop (a small a stop) 25 for nmking coherence factor 6 small which
is constituted by a small, circular opening, a ring-like aper28rS&Ps2i§
(annul ar stop) for formng a ring of illuMmation light, and a nodified
aperture stop for nodified illumnation 37 28 SEP 2005 conposed of a
plurality of openings disposed in an eccentric arrangenent, are arranged at
a subst anti al hpdeeqpab fapglre s( enioh tago et sofe gRattil © Stidpmimns

in Fig. 1). Illumnnation systemaperture stop plate 24 is 5 constructed and
arranged to beptétailedvisgea divinefiglia staze AT eRifl % & Horgtical
controlled by nmain controller 50, and one of the aperture sto S

sel ectively sevstemb&lonancha/admy SHagmths of Etf}fg 539 'ﬁﬁa‘i’i%%pfé gHt EL, so

that the shape of the illum nant surface in Koehler 10 ilJl.um natji.on

descri bed | at 6PNNETtEs ey GG ﬁgl ga %*%T%ﬁ%r}s%lﬁgﬁg%aocét?lcﬁael, f our
eyes or the like. Instead of, or |n _conbinati it h . rtur; t l.at e
24, for exanpl¥stam dpdtc AN cgﬁﬁr ?‘&igr% é-‘tr%%ls\g{é‘;t? 10%2 oto# lg:ag'l %S’asﬁieﬁ/ of
diffracting optical, ele ts, . 15 \Y e S i cal i

pol yhedr on pril%iuéjtecs. )amec%Stnoavnegoég lodralagtg)i t%’g{éop%%g %ﬁ?so%l‘:i(fsﬂie

illum nation K sttie%lalc wsten %%Mﬁ@t&ﬁ% Sy St gggggmpﬁ@granged in

bet ween |i ght “source and optical 1ntegrator 22. An by changi ng the

intensity di styjhuti onagf 1Hhe 2@11 IdowHratican i ae ebddratucictenircls face
when the optical Integrator 22 is a fly-eye lens, or the range of

incident angl g @f dhedd lgamided i pughd £ t Dasbe boahdeBi tlerémeegwheh the
optical integrator 22 is an internal

10 laser beam LB per pulse, oscillation frequency
(repetition frequency), the center wavelength and half
band width in spectrum (width of the wavelength range)
and the like of light source 16, according to control
information TS from a main controllef 50.

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 28A; 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 héreinafter.

Beam shaping illuminance uniformity optical system



surface reflection type integrator, |ight anmount 25 distribution (the size
and shape of the secondary illumnant) of the illumnation Iight on the
pupil plane of the illumnation optical system or in other words, the

| oss of light due to the change of conditions for 38 28 SEP 2%??SEP 05
illumnating reticle R, is preferably suppgessed. In additioff;”i t%e
enbodi nent, a plurality of light source imges (virtual images) forned by
the internal surface reflection type integrator is also referred to as the

5 secondary lyght Sourfeceel LbecRB!ieahtpethnohittiugi optioallsghterkl
emtted fromillumnation systemaperture stop plate 24, a relay optica

systemis arrangedshbah)isvigde upget thenshissionewaydoens’2Bhomidetihe
second relay lens 28B, wth 10 reticle blind 30 disposed in between.

Reticle blindod0the cHhmpesed10n Bt pdreapecarijeigatesd cadelpatdferirsan f ace
of reticle R and fornms a rectangul ar opening to set a rectangul ar
illumnation Beea LBR eohicktisl emRtted €hps léghe, squrpeabfeaddli patehat has
a vari abl e opening shape 15 is used as reticle blind 30, and the_opening is
set by n&n beamrehbpdnsoibégmdnéanlUnéf§émﬁﬁﬁgopﬁ#6ﬁ%aﬁyéﬁ?m #hi Ehai s

al so called masking information. On the optical path of the iIIuHination
light EL aft éighhetseosndseépayvWiaaevw2dB, ndRiLAg BRLEReSHERa§S28M8pti cal
system deflecting mrror Mis disposed for ref%ecting illu 'natigﬁ%light
EL havi ng pass¥dinesudknst RedsBEaRd SKBRAFSFenst DBEEYOWT S retith e 8 And,

on the opt hfggéggggd%f of pam nation |7 ght By ahter (MikbehiM, opegdgnser

system 20 forms a surface light source (a secondary light
10 source), which is made up of a large number of point
light sources on the focal plane on the exit side
arranged so that it substantially coincides with the
pupil plane of illumination optical system 12, with the
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 ¢ stop)
25 for making coherence factor ¢ 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



25 In the s

tructure described above, the incident surface of fly-eye

| ens

22, the plane on which the reticle blind 30 is disposed, and the pattern
reticle R are set optically conjugate to one another, 39 28 SEP
2005 whereas the light source surface formed on the focal plane e
exit side of fly-eye lens 22 (the pupil plrane of the illumn @i§ﬁpghgical

surface of

systen) and the Fourier transform plane of projection optical

(the exit

5 pupil plane) are set optically conjugate to each other,

to form a Koebb@pokkhugiEnat poaraystgmofThpenpamat dispafsad limmamt i on
tem 12 that has the structure described above will be briefly
descri bed bel evcehaser beaanhBmenitt hed amrrpubee fatom Bdidsitghtt isdunce 16
enters beam shaping illum nance wuniformty optical system 20, which shapes

optical sys

the cross

the secondary light source is fornmed on the foca

seetjuiah ehgfhe (bedm tThe thpam tHeapertars fdtppsy e deemhdd

system PL

SO as

and

pl ane on the exit side

of fly-eye | eas F2g.15)vhehllumimaniaenonystght 2FErBHYEt 8HCPr BARtRe24 1s
secondary |ight source passes through one of the aperture _stops on .

g
i || uni nati®dn §986ERVEEEAL AR STEgPERSt 0288 FOTtaTREh Nyads &F HMGLgH itthe
aperture of thﬁgéreticle blind 30 via the first rg#g 1%%”%028A’

rect angul ar

and then 20 pASsed°fnEagw

vertically
lens 32, il
area | AR on
illum nance
10
15
20
25

| ColtP T rayCPRHEC bBRF ARy P8 1gefrl
0

q:%tei glp%ilgarl]e lpgt?ln or‘fettilr‘l%I § lib%%a%%gnwlti%hl‘ﬁniéﬁr @(gschat

the shape of the illuminant surface in Koehler

illumination described later is limited to a ring, a
small circle, a large circle, four eyes or the like.
Instead of, or in combination with aperture stop

plate 24, for example, an optical unit comprising at

least one of a plurality of diffracting optical elements,

a movable prism (conical prism, polyhedron prism, etc.)

which moves along the optical axis of the illumination

d by _m M _.Then,  after, [ .
ORRGPIGn O] GRE. BES T G oARESS hg o SELANSr Y [ on

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
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
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



On reticle stage RST, reticle Ris nmounted and held by electrostatic
chucking (or by vacuum chucking) or the 1like (not shown) Reticle stage RST
is structured so that 40 2 8 SEP 2005 it can be finely driven (and rotated)

on a horizontal plane (an XY plane) by a driving system (not sgﬁwa%: #¢$
addition, reticle stage RST can be noved B8 the Y-axis directi Fh a

predeterm ned stroke range (of around 5 the length of reticle R). The
position of reticle stage RST is neasured by a position detector, such as
areticle |aseruhnhetingoreteeleaR,aisepekbbiranlof suppresxadpl eln 0.5 to
| nm and the neasurenent results are supplied to main controller 50. 10
Mat eri al usedafiaitiehjchia Bhdepmbdaimentheal pghtralsoyur o€ Usgdt bonece
particularly, when an ArF excinmer |laser or KrF excinmer |aser is used as
the |ight soutmegessymtihetind dmages) fbuoeddeycthst ahteunhlasufkfaoeite,
fluorine-doped quartz or the |ike can be used, whereas, 15 when an F2 | aser
is used as theefilghtisoutype théegupspirals adea referseficke RsnbBEs to be
fluoride crystal such as fluorite, fluorine-doped quartz or the |ike.

Proj ecti orb opseeandsyyt dkOPE B9UrFESr exanple, a reducing systemthat is

doubl e tel ecentric, and the 20 pro i o ni fication_ of prqjection
optical systemPL P8, tBegoptifral b %opglggguWﬁB?gFBPellﬁﬂg 8#“Ilurrination
area | AR on retlcle R.is |I ﬁnlna gd wth il unlna%lon % t he

manner descri 684t&66vErOPhd L ieigés Fophéysﬁ§Pt8Pﬁr BFﬁeat8 P%F|8I24R i's
Cystom PL.  afd ENEN PBURFaleevah oI Fhiraringtah, Bahatt BB O e

first relay lens 28A and the second relay lens 28B, with

10 reticle blind 30 disposed in between. Reticle blind 30 is
disposed on a plane conjugate to the pattern surface of
reticle R, and forms a rectangular opening to set a
rectangular illumination area IAR on reticle R. In this
case, a movable blind that has a variable opening shape

15 is used as reticle blind 30, and the opening is set by
main controller 50 based on blind 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
surfacé 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,



area | A (nornally coincides with the shot area) on wafer W i

resi st (photosensitive material). 41 2 8 SEP 2%05 Projectioﬁoggsgc21t2ygten1
PL is a dioptric system conposed only of a plurality of refracting optical
el ements (lenses) 13, such as around 10 to 20, as is shown irzﬁﬁség ﬂﬁ%(]
the plurality of Ienses 13 making up 5 pr%?ection opti cal systen1PL é
plurality of lenses 131, 132, 133, 134 (in this case, for the sake1of

sinplicity, there are four lens devices) in the object- i
(reticle R sidedraae nbeabi@hteﬁ@@EQEMHP%ﬁaﬁﬁnfﬁémﬁhi9Bngkan?8ghgﬁly by an

i mge formng characteristics correction 10 contr ol
(not shown) hpldneeﬁse§h§3§¥it13??319ﬁ,f}¥§ﬁ¥€tﬁ@@?y?Eagghthgéi?ngers

hol ders are supported in th i i i ; )
e U ST AL AR TR TR AL R b

adjusting the applied voltage to 15.the.drivi i ;
132, 134 can b&anghPireRlfRcac -EﬁPgeﬁgﬁgé;¥éggc%§¥%ﬁg?gm{Eg ggpﬁggﬁagiis

oot on 61 BhRk o RLR0aPPhFE kol BhETEREL)GR0na0-R8, b ken Cinshd) In @

di recti on f vVé that is, a rotational

direction around_the 2Q X axi : i i el i
Y-axis). In 58d?§i§ﬁ,98¥Peﬁs§ﬁgﬁgg? ?%%?ﬁéﬁgﬁﬁfahﬁ dgbﬁgngrigg? ;23 on

t he peri phery of th@ Lep oldgh. o@rkYhOmidg¥h it@rmo
. , gvieas opticaas tezo 1
are di sposed at a suBsta F?al?y eaual angﬁe of , fgg exgongEIQO dSBEQEQFS

ggghopp.os‘ ng %ig_\‘_i Rgs 2Bedayi-aesuake dpaicratedantboies wappl ived brdlefdge to
pair is adjusted so that |ens 133 can be shifted two_dimensionally i
the XY pl ane. giicthicedemkadivnentaséensesm LB emitted in pulse from y.In
10 light source 16 enters beam shaping illuminance
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 283, and then
20 passes through second relay lens 28B and is deflected
vertically downward by mirror M. Then, after paséing
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



131r 132, 133, and 134 each structure a specific optical 42 2 8 SEP 2005

el ement for adjustnent. Specific optical elenents are not |limted to

| enses 131r 132, 133, 134, and nmay include |enses disposed near the pupi

pl ane or the inmage plane of projection optical systemPL, or an ggrf ion
5 correcting plate (optical plate) for cor4atecting the aberrat i&h °
projection optical systemPL, especially the non-rotational symetric
conponent. Furthernore, the degree of freedom (the nunber of novable
directions) ofit tden pectfricl wpdticadn el At st dtsedioton iariHed Aanttato or 10
three, but may be one or four and over. In addition, an aperture stop 15 is
provi ded near plare pign IXYl@Eeeneof by @ et ivimopycam sisitemwn)and Ihhe
nunerical aperture (N. A ) of aperture stop 15 is variable continuously in
a predet er m nedidiarige), Asetapelrd wrteagt RSN 5cdb,bd growedinpl eshea Sacia | ed
iris aperture stop is used, and main controller 50 controls aperture stop
15. Wien an ArcH recdiimsr Widgden or neredes@imiied asroke ramgsd tewound
illumnation light EL, the material for each of the lens elements used in
the proj ecPi ortptidtnrS et M Ran Hoesposiddion @Lfalrteilcﬂév\é\?élge when
an F2 | aser |s,lysed the material of the le Ses used all has to

fluoride cryst3il st HISRSHIRDRY & RISHHRR i tetepdy Tt 12 raef’%ertrjecdleto

earlier. Wafer, sta eA/\BTr S stru@s:tured freel%ldrlvabl %25 th
t wo- di nensi onat® it nletb Trsst age ArkA POt tTon e1‘er Wi's

o s o e oo g ) B o
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 oxr 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).



43 28 SEP 2005 shown). Z-tilt stage 58 adjusts the position of wafer W in
the Z-direction (focus position) and the angle of inclination of wafer W
with respect to the XY plane. In addition, the X- and Y-posit]ons and
rotation (including 5 yawi ng, pitching and rolling) of wafer sé IS
measured with a wafer |aser interferoneter4$4VVexternaIIy di sposed via a
novable mrror 52W which is fixed on Z- tilt stage 58. The neasurenent
val ues of wafer laser interferonmeter_ 54Ware supplied to main controller
50. 10 In addition, %r@b¢@Fb%%e°ﬁﬁ%Rabl§V§tﬁWIBH Wi 8hdiPBFELEnEE¥SHBIkS
such as those for base-line asur i are forned is fixed,on Z-tilt
stage 58 so thePmPReedsgrtUceiof PLRERLALY ﬁérEegEQFélﬁM CBtdGBdt antial Iy

I the enbodi PENERSRERL hOBGRER] Fd oRPEReAS: APHE U D #fidDrasfar e o ps

reticle allgnnent nlcrgscop S |5f pr.ovi ded

constituted by % %%FF?T ?809 Thelﬂﬁ?(ﬁ Srgﬁove r tign%??c% @@gf%%1u9Vth
this system !he,exposuneongyelengll.2f be USeH1L2a9086! K8 dehetichs, mrk 2

on reticle™R énce na pl at'e a sane

tinme, via prolf§t'Qﬂ30pﬁ@0ak1ﬁyﬁﬁgg]BkseAszECQhEeEbQEeofalh&Bﬁ?BEty,
nlcroscopes m croscopes th have a simlar structure to the ones

di scl osed in, Eﬁér@XaHEIEouéapaﬂssae35c8§§emh ABRl begkicenrphand- epes No.
07-176468 and the corresponding U S. Patent No. 5, 646, 415 are used. As

long as the natiepatléamssifeflesrgnabedbstballesses, elhdttd caat dBeedrivenwhi ch
this international application is 44 2 8 SEP 2006

externally by an image forming characteristics correction

10 controller 48. Lens holders (not shown) hold lenses 13;,
13,, 134, respectively, and these lens holders are
supported in the gravitational direction at three points
by driving devices such as piezo elements (not shown).
And, by independently adjusting the applied voltage to

15 the driving devices, the lenses 13;, 132, 134 can be
shifted in a Z-axis direction, which is the optical axis
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). In

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



applied, permt, the above disclosures are incorporated herein by
reference. In addition, in the enbodinent, although it is omtted in the
drawi ngs, the position of wafer Win the 5 Z-direction is nmeasured with a
focus detection sensor constituted by a multiple focal point ppgidripo20ds
detection system which details are discld@sed in, for exanple, Japanese
Pat ent Application Laid-Qpen No. 06-283403 and its corresponding U S.

Pat ent No. 5, 448,332. The output 10 of this focus sensor is supplied to
mai n control | eled@nt Whirchdjerstarem .soSpatliédcf opuschévelemgnby epatnotl i ng
Z- tilt stage 58. As long as the national laws in designated states or

el ect ed st at edimtigewhitoh lemisesi At3er nadionbds,afgdii cantlomaiysiapphded, permt,
t he above disclosures are 15 incorporated herein by reference.

Furt hernore, amnskisgaspose@s nemrbaded Pop idn pdfane o4 $heetimeg@s Lgnévi ded
(not shown) on the side surface of projection optical systemPL. As such a
system for e&faRylod eck ifinc cpSdepd SYSHeFIRA (Mreldd 13R8FE aAicgnnent ) 20
system based on an image-processing nethad is used. In this system for

exanpl e, a br GRIBERT 108t BdEiten WPIhPHaPLaddeds Tt COGFESE e T8si st on the
wafer is irradiated aqn_a target rk, an . mage of th$ target mark forned
on the phot o@8EELRIR SO & Jﬁfﬁiﬂ§r%§ﬁ%§g¥<ﬁ¥%ﬁﬁﬂu e SMASTE 298 % ar get
mark and an index inage.a i_cked i.th i ck- i h

Gy, “and 1t he TG Sttt & vl Rl SRYERE-SREEC BBr% e
ali gnment Sys%!]‘:e?reet 0 BYdd Alnd UARLLISN G VAN AL JRTYRNCR Ik 45

2 8 SEP 2005 te FMand al i gnment nmarks on the wafer can be neasured
the specific optical elements is not limited to two or
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 system PL, and the
numerical aperture (N.A.) of aperture stop 15 is variable
continuously in a predetermined range. As aperture stop

15 15, for example, a so-called iris aperture stop is used,
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 is 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



in the XY two-dinensional directions. In the control systemin Fig. 1, main
controller 50 plays the main role. Main controller 50 is nade up of a b5
so-cal l ed workstation (or mcroconputer) conprising a CPU (Central
Processing Unit), ROM (Read Only Menory), RAM (Random Access annréﬁs or
the like, and controls overall operationg3such as the steppiﬁ@; & er
stage WST in between shots and the exposure timng so that exposure 10
operations are appropriately performed. In addition, in the enbodi nent, for
exanpl e, a sipeRGE. UNiit 4 madeydip Ofadiusk ditsks  pasi t putofinkd &5 W
conprising a key board and a pointing-device such as a nouse, a display
unit 44 such gas 8ah€RA-disptayoonr (Ebqusdpd5Sitignd ahndi speagngaadod drive
unit 46 which is an information recordi ng medi um such as CD-ROM DVD- ROM
MO, or FD arénekieahabhyofowaéetred vothamkaspeatropbl ehe58Y ppanghe In
information recording nedium (herei nafter described as CD-ROMfor the sake
of conveni encejldseionn thevEi-uand 2opasitionsnebfsreRapiegr AANCALALPSt
program), a second program a third program_ and data associated with the
second proyr akrpEiBgst Bieahing Fﬁﬁsr@éEéPgﬁh@ffWP§?r pE8graltls 18 conversion
program for converting positional evi ati,ons measyr.ement

asur ed ugi&g a
reticle RIT, wﬁ?éﬁ??gdmﬂFthéiﬂégéFi éaeFaﬁeF?rE%F8m838Ff|é|eﬁ¥§e6Pa§&3h
Lommut gt ne s aPaSErnR SnmouapaBh o piEFRR  sBhr ORATS 18 ARLae B !

computi ng t he%dpP formn racteristic based

on the thainﬁglgogE%igigggs e ba 400848t 02 b Lergypl thgsLerni ke
pol ynom al, a the rr programis a programfor converting the obtained
interferometer 54W are supplied to main controller 50.

10 In addition, a reference mark plate FM on which
reference marks such as those for base-line measurement
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 is 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




coefficients of each termof the Zerni ke polynomal into various inmage
formng characteristics (including index 5 values of the inmage form ng
characteristics). Next, the above database will be described. The database
contains nunerical data of parameters for calculating an irragg ggmz@
characteristic, in this case, a targetedd4dive anount (targeted adj ustnent
anmount) of 10 novable | enses 131r 132, 133, and 134 referred to earlier,

so that the image form ng characteristic is adjusted according to the

i nput of neaswppTdrd,r estntis oft Heheaboney efrsmitosabeys atien.nddep adattazhse
consists of a group of data on a variation anmount of the inmage formng 15
characteri sti qyensiirclpyaree fehtegigeed as sinulation results, arranged in a
predeterm ned order. The sinulation perforned uses a nodel substantially
equi val ent to proj et iasid igparoalins ytee Ao d g tobtagl the Ut & tork show t he
image formng characteristic corresponding to a plurality 20 of

measur enent péimittdad tifl Fhidrawingof HojRRI oD ok i e s yEtidmPe change

when novable | enses 131r 132, 133, and 134 are driyen by a unit adjustnent
quantity if cﬁ-ﬂé&%%%fl%éﬁﬁw%wﬁhf%%(%% ¥YisEEons),  or
ror e SPect{1Cal e SARLANT oy LI AN, B2 Archalo e 22, Aok, o liow e
polypom &l Chalg sy A VAL S, o fereial g L aigipse 1| be
D, TSl U eelofoerlangedt e, selmrsge dator o
used for the jits 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. 1In
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



simul ation where specific optical software is installed. 5 Then, data on a
first neasurement point (in this case, a position corresponding to an
arbitrary pinhole position of measurenent reticle RT, which will be

described later) wthin the field of projection optical syst Rko
input in the simulation conmputer. 10 Next45 data on unit quantﬁ?@ dfa?ﬁ%
novabl e | enses in directions of each degree of freedom (novable

directions) is input. However, before the input, conditions that are a

prerequi site fored heyi diuits W ddndie: dascrd hed el avatds i copaneasuted |y,
for novabl e l'enses 131, 132, and 134, directions in which each of the

movabl e | enses, Ighargy wh-ad atkds ol tdieroctaérss and Y-axis are to be the
positive directions of a Y-direction tilt and an X- direction tilt, as is

shown by the arrowsIi ncHé gsont2fo angy 20e2Bin afidy ¢ hle, umin t¢onteeblex 3@ to
be 0.1 degrees. In addition, when each of the novable Ienses 13 are
shifted in tpeayZ dheetdinnrasei s Meowednti@ilg.e2@0 tife mazle dir &t i%n s
to be the positive direction of the Z- direction shift, and the unit shift
amount s 50 be-d@Dle@5warkshatiien t (@R, MioFoReNRBFRr | eA3MRBES 1hed FEUis
shifted in the +X direction as is shown in Figs. 2D and 2E  thi irection
|ﬁ.¥o bahthe +C€pb§al|Bé9cﬂ$$é%gi%%16¥rZ%O%Eﬁg%ﬁ@Soﬁgyt%%m9§ﬂffeg%gon
shift, ereas when it is shifted jn the +Y. djrectign, this,di ' is
to be the + (PB3REPRPCCEPF HEETORY bf ?ﬁet@@d%+kﬁti%ﬂgsﬁ??Ffoégd5§§%Eggit
shift anmount is to,be 100 m . -
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 Rg, 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



5 And, for exanple, when instructions to tilt novable lens 13, in the
positive direction of the Y-direction tilt by the unit quantity is input,
the sinmulation conputer calculates the anount of deviation of 23 $Er 200§
wavefront froman ideal wavefront at a first nmeasurement point set 10 in
advance within the field of projection opt4§al system PL; for exanple,
variation of the coefficients of each term(e.g. the second termthrough
the 37th term) of the Zernike polynonmial. The data of the variation is
shown on the of sAcly, tewm|ef &k FRIMKS RP BT Fbno?F asha st bt Anet er
PARA1P1. Next, when instructions to_ tilt novable |ens %gl in the positive

direction of {PROGERT rkTtd EIFTAM P HePNYRF FLRAaMR T tQPF&IFRPut, the
simul ati on conputer, calculates the annun% oﬁ deviation o
he ?if%fn

vt ont 20 Trent e fuea et AR B PRI e o

, co icients o . i

Eo!ynoni?I, Shﬁ?%&ﬁ%ﬁcﬁp?%ﬁ E%Q?+%9i%ﬁ@5§%ﬁ%ﬁ%§g9%§ {%§53§%g§%5?§%§§[2'2f50
ein stored in, nenor t : i i

ohi 10 movalte TENCESSRY | ffe DATE L ot e 0 B e O et o ohi 11

by the unit quantity.is i{%PéJta?chPé‘ Siea AL op; CONPIt @5 £ab&Y! atiege t he
deviation of a third wavefront fromthe 4 9 28 SEP 2005 i deal wavefront at

the first neaseﬁ@%g%%peémaiﬁgrnmﬁé@ﬂ@éE,daagiafip@r@metaesc@effi cients of

t he above terns e Zerni ke polynom al, and data on the variation are

shown on the disptavatyhy! enaksagbeirdgrengr ethdraammirgtich an peibsetase,
PARA3P1. Then, input for each neasurenent point fromthe

a targeted drive amount (targeted adjustment amount) of

10 movable lenses 13;, 13,, 133, and 13; referred to earlier,
so that the image forming characteristic is adjusted
according to the input of measurement results of the
wavefront aberration. The database consists of a group of
data on a variation amount of the image forming

15 characteristic, which are obtained as simulation results,
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



second nmeasurenent point to the nth neasurenent point is performed in the
sane procedure as is described above, and each tine instructions are input
for the Y-direction 10 tilt, the X-direction tilt, and the Z-direction
shift of novable Iens 131r the sinulation conputer cal cul ates tthpg@ﬁa of
the first, second, and third wavefront in4®ach neasurenent poﬁ@t, S as
variation of the coefficients of the above terns of the Zernike

pol ynom al, and data on 15 each variation are shown on the display, while

al so being SE@E?QCE@OHEBBEYCQ$ paEasmt BLS (RARAL P2al PAPAZPAre PARA3P2,

t hrough PARA1Pn, " PARA2Pn, PARA3Pn. Also for the other novable | enses 132,
133, and 134, cohBrtheesagetproceduaeedsnigshdedatabedl abolelenmpat ofor 20
each neasurenent point is perforned and instructions are input for driving
nmovabl e | ensesh&32iké33arandnpB84 intbohe cemgiikect iendofiby bhet he unit
quantity in directions of each degree of freedom And in response, the
siml ati on cenpuletical sheacesprepefhaveptdapldacitvarceachinptaehéeds first
t hrough nth neasurenent points when novable | enses 132, 133, and 134 are
driven only by¥hehe date Quaat fiystnmedpusenpBisPeinEadhndEhrt8ec8ESr r Bedom
such as variation of the coefficients of the above tergs of the, Zerni ke 50
28 SEP 2005 pBPyAGAPAl COXKESPAPdBLerO( PARAAPLE  PARABPRNOPRRRBPE E1ON
PARANPI ), paraneter %PARA4P2, PARASP2, PARAGP2, . P up to

par anet er ( PARA4PR 2 SBARRSPS, TBARAGP T/ W.lﬁ%ﬁﬁﬁﬂdb%ﬁggggﬁgﬁﬁi%a%%%5ry:
8, o BN o0 5480 BURERLL BN BB qupnessipne(8) hastored i
col um natricq%pg%eqkp%%k @éﬁﬁhgkigﬂ Egmputer.
10 Next, data on unit quantity of the movable lenses
in directions of each degree of freedom (movable
directions) is input. However, before the input,
conditions that are a prerequisite for the input will be
described below.
15 More particularly, for movable lenses 13;, 133, and
13,, directions in which each of the movable lenses 13 are
rotated around the X-axis and Y-axis are to be the
positive directions of a deirection 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. In
addition, when each of the movable 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 Z-
direction shift, and the unit shift amount is to be 100
25 um.
In addition, for movable lens 13;, 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



PARANMPn, which consists of variations of the coefficients of the above
ternms of the Zerni ke polynomal. In the 10 enbodinent, because there are
three novabl e | enses that can be noved in directions of three @Q&ySER005
freedom and one novable | ens that can be noved in directions of two
degrees of freedom m =3x3+2x|=11. PARAI PI4®ARA2P1 A A PARATP1 PARAI P2
PARA2P2 A A PARANMP2 0= MM MMM PARALPn PARA2Pn A A PARAMPn M A(1l) Next,
the nmethod of neasuring and displaying 15 (sinulating) the inmage, form ng
characteri sti ¢chei X-diereataser ished tso MiRrean Wper atbridfskipbsdrtn apar at us
10 can easily understand the state of aberrations of projection optical
system PL. TheYsichdeattiion i riftie digigelel ofent S reqube ekheht ARPaabive
measurenent data of the 20 wavefront aberration of projection_optical
system PL. ?Rdilrmet?tqm@ﬁ/\d\k@r sl Rk TaR | BALF 5 neBdur 68, VA hodlbf brrent
reticle ereinafter, also called "reticle RT" as appropriate) is used.
Therefore, fi rPSCWI A9 ,tozémséiioa(gdﬁ% 51 measurenent ret P(F:)I epRT Wi I)I be

descri bed. _Fi g. ' [ ' i
RT. In add? ] tg :F? ang Eﬁiai_é‘ee%aﬁé%éﬁ%%%‘%e{# S R e
298 3 £ sert 200l AN LA EA B e ik theaM&dnidy ©f1e
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 PARA1Pl.

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 PARAZPI.

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

calculates the deviation of a third wavefront from the




optical axis AX, along with a diagram of projection optical system PL.
Al'so, Fig. 5 shows a schematic view of reticle RT nounted on the reticle
stage RST sectioned along a X-Z plane in the vicinity of the -Y side end,
10 along with a diagram of projection optical systemPL. As s obvious in
Fig. 3, the shape of neasurenent reticle4RT is alnost the st SBE

ordinary reticle with a pellicle. Measurenent reticle RT conprises a gl ass
substrate 60, a | ens-attached nenber 62 which has a 15 rectangul ar

pl ate-1i ke shapezangakerirbxeda@nthbe fupper mesguiramenaf pgiass folrstrate 60
in Fig. 3 at the center in the X-axis direction, a spacer nenber 64 nade
up of a framexaepher, thatahasnt bé sapecskdfiecdsnas orfdithar pboyel teche
frame, being fixed on the bottom surface of the 20 gl ass substrate 60 in
Fig. 3, and awmfapéet deenplkat eod§nofindd endt Hetbornothsuvbadeatdpnspaeer
menber 64. In the |ens-attached nenber 62, n circular apertures 63i,] (i=
1 through p, jshownt lmotgle qisplaeyn) whale Pdseedeilnda SFREEOK 18 FEAGENent
covering the entire 25 surface excluding both ends in the Y-direction.

| nsi de th® ciasc@legergsert PAES363i- j, condenser |enses 65i,j are provided

that are each nade of a convex |l ens ha igg an optical.axiﬁ in Ege Z-axis
direction (refer tolBeg, 4yPutofeg SeEhofGESHreRgGt POANTY AsPlle YWhe space

ol nf or ci ny NETSER 65 38 SOV 8o he o eoln 11e T S s e ot °
Gl ase  substr 4% 60N Fharng CondBe 5t I Bnite 85 Y RORELEIE T R terns
671, are fO“H%%f¥%3556¥M8M14§%Hﬂd%id%s'd}e 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, PARA2PZ, PARA3PZ,
through PARA1Pn, PARA2Pn, PARA3Pn.
Also for the other movable lenses 13,, 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 132, 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 quantity in
directions of each degree of freedom, such as variation

of the coefficients of the above terms of the Zzernike




addition, in aperture plate 66, pinhole-shaped openings 70j,] are forned,
each facing neasurenent patterns 67j,] as 10 is shown in Fig. 4. The

di anet er of pinhol e-shaped openings 70j,j is, for exanple, around 100 to
150 m Referring back to Fig. 3, in |lens-attached nenber 62, opeyy Rgp 285"
722 are formed, respectively, in the cendér of strip shaped areas on both
ends of lens 15 attached nenber 62 in the Y-axis direction. As is shown in
Fig. 5, on the bottomsurface (pattern surface) of g¢lass substrate 60, a
reference patpgrpndfilais haanpdrapppesi ngABRERILAG PARASPAl, s@ARAIGRIough it is
omtted in the drawing, a reference pattern 742 identical to reference 20
pattern 741 isaReneed, oppeanBgetrhé PARREGP20p@ARAGP222 PARAGRRe bottom surface
(pattern surface) of glass substrate 60. Mreover, as is shown in Fig. 3,
on the X-axi sPARAMP2passesuphtougbraheteant(@ARSHA Pngt iPARASRN,a BR&IAO EeY,
reticle 25 alignment marks RML and RV is formed symetrically with,

respect to the EBRRmPnOf arkestetied én BRMPEKY -gl BBSN, stpker afe26M2bEGLEi He

| ens-attached nmenber 62. In the enbodi nent, as neasurenent,patﬁfr 67i, |

a 53 28 SEP 2008cpeshe( SoRdeWiNENEXBRESEIP pdtlters iSTOFEEY 1 ad esr@n‘om in

Fig. 6A. And, corresponding to the pattern, reference atterns 741 and 742
arg a tmn-dinBQ@iéﬁaﬁhérﬁé%ﬁﬁtgéFﬁbgﬁﬁat ﬂgg §a§3r8%p§?£5ﬁﬁsbaﬁﬁanged at

the sane pitch as 5 nmeasurenent pattern 67i,j .in Fi ) f erence
patterns 741 &REPP2S] %ec EEH“ rﬁ‘a R i n(vlélcéc.orGSA %&rﬁﬁeplpﬁlge °and the
pattern shown shRamely BRAERN B2 4384 2% VIS 1 BB YR PYUIA fcients

Furt her nor e, that” have
of the above terms of the Zernike polynomial. 1In the

10 embodiment, because there 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.

[PARAIP! PARA2PI A A PARAmP! ]|
PARAIP2 PARA2P2 A A PARAmP2
M
0= M M 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, alsé called “reticle R:” as

appropriate) is used. Therefore, first of all,



ot her shapes may be used as the neasurenent pattern 67i,j, 10 and in such
a case, as the corresponding reference pattern, a pattern having a
predeterm ned positional relation with the neasurenent pattern has to be
used. That is, the reference pattern only needs to be a patter&8 SERhd® s
a reference for positional deviation of thé 15 neasurenent pattern,

regardl ess of the shape. However, in order to neasure the inmage formng
characteristic of projection optical systemPL, a pattern that covers the
entire i mge fieadsthrefmepriojrettiicde Gpt wihl bgsdescPibed-the entire exposure
area is preferred. 20 Next, the nethod of neasuring and displaying

(simul ating) image frirgyi g sticarsaet schemagd cwcbll igee §éSkr Pbed so that an
operator of exposure apparatus 10 can easily understand the state of
aberrations ofmegmwjednorredpidlealRrsysiemdtitiens dhg b FIXF chart in 25
Fig. 7, which schematical]y shows the control algorism of he. CPU_in _main
control | er 50,sclRhatdfertigry afo itH&le RrglPest eﬂnngbgsgg yelagShage
prem se, the CD-ROM containing the fjrst .2 8 SEP, 2005, t.ir o third
prograns afd ther osﬁ%tlfe%réecrér}s‘&g i%h ){Trzi Va2l 46° Q{r%csgé‘}L rlr('}r)ﬁt e CD- ROM
the first through third . prqgrans are .t e i. I I unit 42.
The process irPF?fHecqh# o%”csﬁ ' sﬁqgorr}%%vﬁgin% ﬁiel%?r(aﬁlgle%gft g?oﬁtﬁ%&?%%t he
instructions to stari the simiati Viea .t he | ni krsiewl BESteEp
101, the thirPREd arty S Thated “EaRe (A8 mai i perory Phoactet aps” 103
through 122 arfétféﬁ§%¥?%mu%%%ﬁr@thhEOrEQQCUQ'%@a@éogS@”bectioned

along a X-Z 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 R 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, Jj= 1 through g, pxg=n)
are formed in a matrix arrangement, covering the entire

25 surface excluding both ends in the Y-direction. Inside
the circular apertures 63,3, condenser lenses 65;,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 First, in step 102, when the screen for setting conditions is displayed
on the display unit 44, the process then goes to step 104 and waits for
the conditions to be input. The operator then inputs information on a
pattern subject to sinmulation (for 15 exanple, in the case of a

| i ne- and- space pattern, the pitch, the lisme width, and duty 2 SBPod®% he
like) and information on a targeted inmage form ng characteristic
(including an index value of the imge form ng characteristic; the targeted

i mage forning charagherdsliitg ong0 ialss@ehenei rpfalcer omefleyderd By Ansd ar get ed
aberration"” as appropriate) such as information on a |ine w dth abnormal
val ue, via i npubstitiate4%0, Theacarharerioest raaGt iorns avert ey grldthatéd he i nput
is conplete, the process proceeds to step 106, where conditions are set
for creating aelerfoirkdndb meadeats &3P tade epodvidiedt asgésedhaber riat iFdry.i rgut
in step 104, and the step then proceeds to step 108. The information on
t ar get ed aber sphicen entperesid tiermsitnepl 4 tiagicenatpddtivi ted to one kind. That
is, various kinds of inmage 55 28 SEP 2005 form ng characteristics of
proj ectiondoptical SystaerPorega®nbdhgedioyiedt s ahet dhgetEd sfberrati on
at the same tine. In step 108, when the screen for inputting 5 information
on the proj ectSuds taditiec 0 sy aEdmg SAENSBred eI &Pl ry REATUEEN ST he
process then goes to step 110 aj%¥ wajts f.or the information tqQ be input.
And after the a&ﬁ@rré‘tsorﬁ%iirﬁptftr? i rcgl'er‘ﬁlaﬁsor?sor?l'ﬁjr"ﬁ} elcrii%%'op‘{]‘i cgln system
PL, specifically,.informatiaon on the nunerical apert.ure.10 LA )
i I1um nation GGNdiTi%Ms l(ns&l fas' et 5{% o%gt IPeln%Ole Shape(d\l Opgmngs
70;,4 are formed, each facing measurement patterns 67;,5 as
10 is shown in Fig. 4. The diameter of pinhole-shaped
openings 70;,; is, for example, around 100 to 150 um.
Referring back to Fig. 3, in lens-attached member
62, openings 72;, 72, are formed, respectively, in the
center of strip shaped areas on both ends of lens-
15 attached member 62 in the Y-axis direction. As is shown
in Fig. 5, on the bottom surface (pattern surface) of
glass substrate 60, a reference pattern 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 is shown in Fig. 3, on the X-axis that
passes through the center of reticle R, a pair of reticle
25 alignment marks RM1 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



illumnation system aperture stop or coherence factor a), wavelength or
the like via input unit 45, the process goes to step 112, where the input
information is stored in the RAM and when the screen for inputting
information 15 on the aberration is displayed on display unit 44, the
procedure noves on to step 114 and waits fgy the information té’ﬂ)éﬂ’rﬁﬂﬂi.
The operator then individually inputs information on a given aberration,
or to be nore specific, 20 individually inputs the same val ue, such as

0.05,, into toesH Npdtr S&i-€hd oSh AR ) add e i fiy dd PN drid hown in
coefficient values of each termof the Zernike polynonlal when they are,

for exanple, coieffiddentand? ebrikepsecand tbertmeupatdeeaef frieeeahcd37 of
the 37th term 25 Wen input of the above aberration is conplete, the
process proceeqesttteaxrrst €plilbod Vider era grapb-dsmemsieofd drgredappteera

Zerni ke variation table on a line width abnormal value), based on the

i nformati on ofthebderras i synas: JE 2005 Sortdragechast Bden damputpltkdr asxanpl e,
the vertical axis of the map can be a targeted aberration corresponding to
the 0.05?2 omMeasuyerRit e tiee(Buch, asin Held i rfidB wi dshrebesenge  val ue,
which is the index value of coma), and the 5 horjizontal axis can be the
coefficients dt2ERNs efta 64 ﬂﬂé ZBRAi RBLHBFYnBAPHER . 1ThEL Br 0bRsSaR e

proceeds to ste 118, re the screen for conflr ng t 0 etio
the above graphted df %@% CRS A B - 195 (P RS s
120, operation is_ Sus en ded the operator |nputsth§% ﬁonflrnatlon

unt i
When t he opern?ﬁ o?mf% tt%%l?'n‘fllfl éeﬁn\?lrg i HSG Sanit sUEN®

other shapes may be used as the measurement pattern 67,4,

10 and in such a case, as the corresponding reference
pattern, a pattern having a predetermined positional
relation with the measurement 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 measurement pattern, regardless of the shape. However, in
order to measure the image forming characteristic of
projection optical system PL, a pattern that covers the
entire image field of projection optical system PL or the
entire exposure area is 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



as the nmouse, the process then proceeds to step 122, where the variation
table made in the above step 116 is stored in the RAM and the decision is
made whether or 15 not the Zernike variation table is nade for I

targeted aberrations input in step 104. \Wen the decision in g?LSEgggﬁzs
negative, the process then returns to step4116 to nmake a Zerni ke variation
table and for the next targeted aberration. In the enbodi nent, one
variation 20 table is nade for one targeted aberration wi t hout changi ng
any conditi onshsuwclyhasHined mumery ares %m@rt@@ed®tab®$©jé§tﬁ6ﬁ bpt fEaVesyst em
PL or the illum nation conditions, however, for _exanp lurality of
vari ation tameaUnﬁﬁJxanduﬁ;dMnthﬁmﬁﬁaﬁ@%teﬁh%bé%F§F|BﬁrQnghEHgFﬁg at

| east either the nunerical aperture of_ _projection optical stem PL or the
i |l unination prmafianomse 4P RRIIIBDR1IE pat fePhagtblReE ? si nul ati on
may be in plurals, and the variation table for 57 28 SEP 2005 E e target
aberration may be ndde fEOGRAT &rth. teh PheSHRE hi RE2EEF i WEFBNn ngle has

been nade for all the targete aberratlo s and_t he f been
i nput in s?ep??ﬁfa QEikﬁﬁz é%?tﬁ?%tﬁ%g tPUE FR gtggg E&gggangl?ﬁgon
process proceeds tq t e next step,-Sstep 124. In step 124 the decision is
made whet her &4 é} RRUL (U4 o %%t Flag F indicates whether dat a of

posi tional deviations , e Whé SgF 19sl has been
input. In this case, ecau§éxg%5%?w? he ﬁpogﬁ%?gnglb gsTa?Foﬁgg?Ff O d)

has not been inpy {16 deCGhShOPy | S ﬂ%ﬂtls/@epg\/ru@m tlakesgh he2pracess to a
nmeasuri ng subroutlne 126, where wavefront aberration is
executed, according to the third program.

10 First, in step 102, when the screen for setting
conditions is displayed on the display unit 44, the
process then goes to step 104 and waits for the
coﬁditions to be input. The operator then inputs
information on a pattern subject to simulation (for

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

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



measured using neasurenent reticle RT at a plurality of 15 measurenent
points (hereinafter, n) in the field of projection optical systemPL in
the following manner. That is, in subroutine 126, first of all, in step
202 in Fig. 8, nmeasurenent reticle RT is |oaded onto reticlezaégg92&§T vi a
a reticle | oader (not shown). 20 In the pgxt step, step 204, er stage
WET is noved via the wafer-stage driving portion 56 while the output of

| aser interferonmeter 54Wis being nonitored, and a pair of reticle

al i gnment ref epepgaMahksateeredqrs bef greneetiBhkopkatalFMykseposit i oned
at a predeterm ned 35 reference position. The reference position, in this

case, is setcg8 bbalesfighatsanplsetheheacertted abetrlratpanr aof theesemence
mar ks coincides with the origin of the stage coordinate system set by
| aser interferameter 54W 28 SEP 2005 58 In step 206, the pair of reticle
alignment marks RML and RM2 formed on neasurement reticle RT and the
correspondi ng reticlia altiegniest waker éhee scaeks drg lobsetvad with the
reticle alignment mcroscopes at the 5 same tinme, and reticle stage RST is
finely driveninforretixy towo-tdiemprsijesaliop apsivied syetew g shsrémverot
shown) so as to nmake positional deviations mninal between roj%cteg
i mages of retiosl &isplgymem trdrdes tRIGL PHAFSIR them gorsr éRc & thPat e PFRIPEnd
the reticle alignnent reference 10 marKks. ¥¥th t hi s ogerattgn ﬁgticle
alignment is Y@ors €oFd, Ehend MR MAEHAET T Rehe PPl 8NSuBEE SRt FAF Iy
coincides with the opti,cal axi,s of prajection optical ; PL.,.kn. t he
next step, St§W93ﬁ§é%MﬁQ9uqﬁi%péaﬁﬁiﬁfQﬂuqy prd%eé%%on %%%H%gﬁ Eyst%m

PL, specifically information on the numerical aperture

10 (N.A.), illumination conditions (such as setting of the
illumination system aperture stop or coherence factor o),
wavelength or the like via input unit 45, the process
goes to step 112, where the input information is stored
in the RAM and when the screen for inputting information

15 on the aberration is displayed on display unit 44, the
procedure moves on to step 114 and waits for the
information to be input.

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
term up to coefficient Z3; of the 37" term.

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



15 Z-tilt stage 58 via a wafer | oader (not shown). The surface of wafer W
is coated with a resist (photosensitive material). In the next step, step
210, the aperture size of reticle blind 30 is set so that a re ta%ggl%ﬁs

shaped 20 illumnation area is forned to cover the entire surfa
measurenent reticle RT including all the sendenser |enses 65i,j, with the
exception of openings 721, 722, and the length of the illumnation area in

the X-axis direction length is within the maxi numw dth of the X 25 axis

direction of {gpe-ghtached TRphE! Gor lexafsid) othe wWrtheabameisioe,
illumnation systemaperture stop plate 24 is rotated via driving unit 40

to set a predehermhpedanaperhutergeopd sbebrasibhecsmakkpanstiag, too thiee
optical 59 2 8 SEP 2005 path of illumnation |ight EL. Wth this operation,
the preparatorgshperattensnfiex exposurfesuaheasohpkeléde wadtheahertmgtep,
step 212, control information TS is given to |light source 16 so that |aser
beam LB i s 5 geheeat edichndsekpesindeksvpéntopfegons)ir padi &heng reticle
RT with illumnation light EL. Wth this operation, nmeasurenent patterns
67i,j are feachorseaunteanasis| gyanr BAstber egefitacprnhsl 8l PRENoHERTMGE 70i , |
and projection optical systemPL, as is shown in Fiﬁ' 4. 10 Aé a resglt,
reduced i mageshe7ZprpikraPehtnPiieges) Bre MEASET Bnkhe" pRFPEPRASS6YP, PE8E is
shown in Fig. 9A are forged t wo- igension%Ll%.on %g% resi %th%%?%fOf waf er
W spaced aparfsatPgrfr 88t EFFFRBA TG sCAACE % hené&xtPstép, step 214,
the reference partgrie 42,b% 38948abhally QKeHhdcdagndrikanglorred onto the
In the next step, step 120, operation is suspended
10 until the operator inputs the confirmation. When the
operator inputs the confirmation via input unit 45 such
as the mouse, the process then proceeds to step 122,
where the variation table made in the above step 116 is
stored in the RAM, and the decision is made whether or
15 not the Zernike variation table is made for all the
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



of the measurenent patterns already fornmed on wafer Wby a step-and-repeat
nmet hod. Following are the details of the sequence, froma. through g. a.
First, reticle stage RST is driven in the Y-axis 20 direction by a
predeterm ned di stance via a driving system (not shown), so that the
center of reference pattern 741 coincides7with optical axis AXS8E&Setllbn

t he nmeasurenent values of a reticle laser interferoneter (not shown) and

t he desi gned positional relation between the 25 center of the reticle and

reference pat{grni{fdet bapdexhtivhenal,NBcahave pevepedtein.conpleted, the
aperture of reticle blind 30 is set via a driving system (not shown) so

that the illum natigReAr €BeOfeirhl kel natienibA 28bSEPh2O0beén ghad&ELfos set
limted to a rectangul ar area having a predeterm ned size, on the

| ens- hol di ng geDMbeRe62aryBekddabgropenbng 248 ¢haet cdoésrmetipnchade any
condenser lenses). 5 c. Next, wafer stage WST is noved so that the center
of the area wheer Lapent ihmagep6120,1tbe theikiipst tuppasppPeiwbhvepalt ern
671,1 is formed on wafer Wis positioned substantially on optical axis AX
whi | e the 5 neasapeir@ft andl tés pirocgser praceeter GRetEf B8WaFESRO AHAPL or ed.
d. Then, main controller 50 gives control information TS to |ight source
16 for generaliAg | aser beam LB, and perforns exposure by irradiating

illumnation light EL on reticle . Wth this operation,. 15 reference
pattern 741 is gverﬁ&iétﬁﬁdlgﬂan§§grpé&léﬁ98 Pﬁe%agﬁeggﬁﬁgFg ?h%fﬁgtent

| mage of nEaSggeq?mto@a%%%{n 9 %qu indicates whether data of

positional deviations (A&, An), which will be described

10 later, has been input. In this case, because data of the
positional deviations (Af, An) has not been input, the
decision is negative, which takes the process to a
measuring subroutine 126, where wavefront aberration is
measured using measurement reticle Rr at a plurality of

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.



is already forned (referred to as area S1,1) on the resist |ayer of wafer
W As a result, the latent image 67'1,1 of the first neasurenent pattern
671,1 and the latent inmage 20 74'1 of the reference pattern 741 @rgﬂj %ﬁed
on area S1,1 in a positional relation shown in Fig. 9B. e. Nex?,

desi gned arrangenent pitch p of neasurengif patterns 67i,j on wafer Wis
cal cul ated, based on an arrangenent pitch of nmeasurenent patterns 67i,j on
25 reticle RT and the projection magnification of projection optical
system PL. Then, wafBi staage2 0BT titse mmvied oh tdiei cDe ad ynierctmarkdy pitch
p so that the center of an area S1,2 where the latent inmage of the second
measur ement 61RML Sarki RN2 2005nqht arerme S7UL st f o8 el € uts 12t itdld y
coincides with optical axis AX. f. Then, control information TS is given
to |ight sourcerissponding relkkeldeahiaBrenrt chffeERNEHIRKPDSIFR 5 is
performed by irradiating illumnation light EL on reticle RT. VWthhthis
operation, refebepEeepaiieh nt@irekickyef! booent P+aFLFePred dht b area

s1, 2 fer W g. Hereinafter,, stepp ] bet d

oxposUr e ofer aBFR BHES « cHRALEEE | LT hEtHERNATT 16° dobeF L hedt AbOUell ahdC

| atent | f th tt th f t

formod i oreatt Srordbnever o bye BRGNS FooF hVEnd SEREOGRIRELL BARRLS
leted in thi th .2 fer Wi

ool badeq from S4er9 B hake ifas PEOGRER, HEFRat BoRth RLETR, L IBEL Fell € VTS

st ert 0.1 0pBoS8RLES SRNGLESE 4ol eboutnghesst adies. Rl GRS o
on reference plate FM and the reticle alignment reference
10 marks. With this operation, reticle alignment is
completed, and the center of the reticle substantially
coincides with the optical axis of projection optical
system PL.
In the next step, step 208, wafer W is loaded onto
15 Z-tilt stage 58 via a wafer loader (not shown). The
surface of wafer W is coated with a resist
(photosensitive material).
In the next step, step 210, the aperture size of
reticle blind 30 is set so that a rectangular shaped
20 illumination area is formed to cover the entire surface
of measurement reticle Ry including all the condenser
lenses 65;,5, with the exception of openings 72;, 723, 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. 1In addition,
at the same time, illumination system aperture stop plate

24 is rotated via driving unit 40 to set a predetermined

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



11. The process then proceeds to step 218, where data of positional
deviations (0x, Od), which will be described 20 later, will be input.

Then, in the D, wafer Wis devel oped, and the resist imges of the
neasurenment pattern and the reference pattern are formed on waher @ybﬁﬁthe
sanme arrangenent as shown in Fig. 9B, inseach of the areas Si, %
arranged in a matri x. Then, wafer Wthat has been devel oped is renoved
fromthe C D, and overlay errors are neasured in each of the areas Si,] by

an_external oMgfhayrmeasumiAbtYBht 163n2 B8LSERW2ORStKiegbsération, measuri ng
unit). And, based on the results, positional errors (positional

devi ati ons) ofrtperaesik§t operagesnel foRaswpestie pakt eomplétied. with
respect to the corresponding inages of reference pattern 741 are 5

cal cul ated. Variousinethedseaft eakpul atepg2fiRe positiicdnahfodmatatinoli§ can
be consi dered, however, fromthe viewpoint of inproving accuracy,
perforning stasi giveal toodpghét sonrceadéd son thads Jeeg rr Beadal’d s
preferred. 10 In this manner, the XY two-di nensi onal positjonal deviations
(A~, Ark) of oheemeasdrerbft SFROSEESS iffr GRtivEMece Hyedtitde 1PELEFence

patterns are obtained for the areas Si,j..Then the data on positional
devi ati ons (AZELEF)E B@rWlFBeléiéﬁén3F}Phi%lEHBu Lby%iﬂﬁbﬂgFﬁior via input

unit 45. 15 And, when the decision in step 2 i s _positivye, the process
then returns PBeEEERC128 MR SEEMRRIth Pﬁ&f&fﬁfﬁ’é gETB]i'jI:iad:.e ’lﬁ“.acl%nci dental |y, data

on pOSItlona|39%ﬁh%%h%%%s&y tfgag&erred via pinhole-like openings 70j,;

and projection optical system PL, as is shown in Fig. 4.
10 As a result, reduced images 67';,; (latent images) of
measurement patterns 67;,5 as is shown in Fig. 9A are
formed two-dimensionally on the resist layer of wafer W,
spaced apart at a predetermined distance.
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



in the areas Si,] can be input online fromthe 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 nenory, and then the Progesy agss

25 to step 130, where wavefronts (wavefrogy aberrations) corresponding to
each of the areas Si,j, or in other words, the first nmeasurenent point
through the nth measurenment point within the field of projection optical

system PL, 631§§h§EE’L2995s&\‘8' ¢hniPelihis sasecarfgtinercaethi phenhy af each
of the terns I N the Zerni ke polynom al such as the coefficient Z2 of the

second term tBreyghethencqeti-ei esh ¥8€ dénthRo3dihg memberaké cal cul at ed
according to the first program 5 based on the principle described bel ow
When t he mai ninsegBLYghapesnnygh2eniyt aloes, ridte invlndiepraogr amnddnisdr i s

| oaded in advance, can be stored in the main nenory, however, in this case
the mai n nenoilgndee$.not have enough enpty area, therefore, the third
programis 10 tenporarily unloaded fromthe nain nenory to its original
area in stbrage unit.4Nexnd vdier teade T m%gﬁ@‘fﬁ‘iissol‘bfa%dtlﬂﬁ the main
menory. In the enbodi ment, the wavefront of prolectlon optic n1PL

i s obtained bgeo&keeubst b aééérﬂhﬁgetéatfﬁttH@aﬂﬁrét pﬁo&ﬁaﬁseb§§§& on the

above positional deviations (A~, Ar) Bef or e gfscrlb%ng bhls process, as a
prenise, the PR§SUESMEPE| REF ﬁrBe@Jééanh5068§ POn¥P L edevi dti ons (A4, Ar))
and the wavefront, w ||

b f d 5.
20 As is repr@?éﬁ?é?P@glﬁugﬁﬁﬁﬁtﬁﬁligiéégﬁg ﬁgﬁﬁ 8K, O RidY chen

measurement values of laser interferometer 54W are
10 monitored.

d. Then, main controller 50 gives control
information TS to light source 16 for generating laser
beam LB, and performs exposure by irradiating
illumination light EL on reticle Rr. With this 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 S1,1) on the resist
layer of wafer W. As a result, the latent image 67':,1 of
the first measurement pattern 67;,1 and the latent image

20 74’, of the reference pattern 74; are formed on area 5,1
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;,5 on

25 reticle Ry 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



pattern 67k,1 in Fig. 4, of the diffraction |ight generated from
measurenent pattern 67i,j, the light having passed through pinhol e-shaped
opening 70i,] passes through the pupil plane of projection optical system
PL at 25 different positions, depending on where in measurenen BEd tapdsn
67k, 1 the light cones from That is, the wewefront at each poSition on the
pupi | plane corresponds to the optical wavefront via position, in the
corresponding 2 8 SEP 2005 64 positions in neasurenment pattern 67k, 1. And,

when there ispfiacahergat] ok adomidd i Sups €€t d DNy opd i asy sheem PL, such
wavefront on the pupil plane of projection optical systemPL is supposed

to be an idealopmivefr i iakthis 5 case, a flat plane) as in shown by a
reference Fl. However, because there are no such projection optical

systens that are free ofhaher cantan,l tingowmasfioontTSon st ke vepupio lplgdte
beconmes a curved surface such as wavefront F2, which is indicated by a
dotted curve. stherasf drte,sa HhaD iasere famebBuienemitped tang SHojurs
formed at a deviated position on wafer W according to the angle that the
curved surPace FPrawligned ty riestrdiatng hel lyebnat i ek Fomt . EMe@mwhi | e, as
shown in Fig. 5, light diffracted by 15 the reference pattern 74, (or 742)
enters proj ecti®n Clopthical Wilat Bhi PLORPFBELPY, WPEREENCBePA§LRESt Fhet®d by

opti Cal Sy st orf LS GUtFbrt * HOEARSE SBOSOr 2 SOt PR SYBFERAL: pat e 74,
is perforned in a state where %% t he ggnter of ref%nence ttern 74, is
positioned on the 6bti§3FeéQF 8F'p§j%&9%q%1q§§FFCéPn§y SemPl, AHFES

i magi ng and exposure operation are repeated in the manner
10 described above, and latent images of the measurement
patterns and the reference pattern are formed in areas
Si,; on wafer W, as shown is in Fig. 9B.
When exposure is completed in this manner, the
process goes to step 216, where wafer W is unloaded from
15 Z-tilt stage 58 via the wafer loader (not shown) and is
transferred to a coater-developer (not shown; hereinafter,
“C/D” for short), which is connected in line with chamber
11. The process then proceeds 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, in 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 Si,y by an external overlay measuring unit



beam generated fromreference pattern 74, is substantially free from
aberration caused by projection optical system PL, so that the imge is
formed wi thout positional 25 deviation in an extrenely small area that
includes the optical axis. Therefore, the positional deviationsg (st 2006!)
directly reflect the gradients of the waveda2ont to an 2 8 SEP 2005 65 i deal
wavefront, and based on such positional deviations (OE, O)) the wavefront
can be reproduced. As is obvious fromthe above physical relation between
t he positional (relevdtatdtoisn (Measdting w@nick X he anay ebagrld, onhe her irkeiylles ,of

5 this enbodi nent for calculating the wavefront is the known Shack-Hartnmann
wavefront cal qubstt dongl iewcnqee. (pddeixtiondile deet i ais)cad £ utlad | ngs 1 e
wavefront based on the above positional deviations will be described
briefly. 10 Asimagelesef inets wbonet post teomal 6 Heyiattilonse{pect Gra)the
correspond to values of the gradient of the wavefront, and by integrating
the positi onal CeexeRIRHENG w@m@%freﬁwm@amrq ofét @xse nore

preci se, deviations fromthe reference plane (the ideal plane)) is
obt ai ned. Wenc?HeilaBdavef r ont (deV|at|ons fromthe reference plane) is

expressed as W XY) nd the pr ortio coefficient expressed as Kk,
thentherelationl eotﬁ]%gf%% T YHe lZ}gaHbe(Q%Jet)& ala-=k A (2)
0?7=k A (3) Be ause |s no easy to,integrate the adi ent 20 the
wavef ront gi vers E/l%%s AT e R o et AR The Yiedfoldt

of improving accuracy, performing statistical computation
based on measured raw data is preferred.

10 In this manner, the XY two-dimensional positional
deviations (Af, An) of the measurement patterns from the
respective reference patterns are obtained for the areas
Si,j» Then the data on positional deviations (Af, An) for
the areas S;,y 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 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 8S;j,j, or in other words,

th

the first measurement point through the n*" measurement

point within the field of projection optical system PL,



surface shape is expanded in series so that it fits the wavefront. In this
case, an orthogonal systemis chosen for the series. The Zernike
polynom al is a series suitable to expand a surface symetrical with
respect to 25 an axis in, whose conponent in the 28 SEP 2005 66
circunferential direction is a trigononetréx series. That is, /BeSEP 2005
wavefront Wis expressed using a polar coordinate system (p, 0), the
Zerni ke polynomal is expressed as Rnnm(p) and is expanded as the equation
(4) W(p,e)= AnReH an thiks (Are aos i st fid) &tz (pf facHd)ofnte 5
Because the Zerni ke radial polynomals Ranm(p) are known, the description

t hereof is omtdmd iBedaiesd direl kd gravsyraomel ot t frogonas |, titoetd¢ £f ent entAniy
Bnm of the terms can be determ ned i ndependently. Using only finite terns
provi des a soraf dfhe idaamchd.en0 Bueughe the cdvefbiehentl :7aré §beedi&U as
the above positional deviations in actual, the fitting needs to be
performed on tifermi fdes emlictlatind faceerdbng | fo thee phi Bt RBHOYERMat e system
(x=pcosO, y=psin0), the partial differentials are represented by the
equations P5) PAEd A HapHoiPie AT (B510K af PG si ne+ 1

aw 00 A 19) el Bt RS AR e LSS B pl oS et e e
ooty Tanar oS T Perbfad [ GAM 94 "BLS 20a (BPHAL m8ln PRERSLIN
however, in this case the main memory does not have
enough empty area, therefore, the third program is

10 temporarily unloaded from the main memory to its original
area in storage unit 42, and then the first program is
loaded in the main memory.

In the embodiment, the wavefront of projection
optical system PL is obtained by calculation according to

15 the first program, based on the above positional
deviations (AE, An). Before describing this process, as a
premise, the physical relation between the positional
deviations (A&, An) and the wavefront will be briefly
described, referring to Figs. 4 and 5.

20 As is representatively shown by a measurement
pattern 67,1 in Fig. 4, of the diffraction light
generated from measurement pattern 67i,5, the light having
passed through pinhole-shaped opening 70;,; passes through
the pupil plane of projection optical system PL at

25 different positions, depending on where in measurement
pattern 67,1 the light comes from. That is, the wavefront
at each position on thé pupil plane corresponds to the

optical wavefront via position, in the corresponding



directions for each nmeasurenment pattern, when the nunber 20 of neasurenent
patterns (for exanple, n= around 81 to 400) is expressed as n, then the
nunber of observation equations derived fromthe above equati gnRs %@)
through 67 28 SEP 2005 (6) is 2n (= around 162 to 800). Each ¢SS T
Zer ni ke pol ynom al corresponds to an optisgzal aberration. Furthernore,

| oner-order terns substantially correspond to Seidel's aberrations. 5
Therefore, by using the Zerni ke polynom al, the wavefront aberration of

proj ection optddilt iS4 &M Mle LAl hentofaiteath dmci.denndl | yheantheyentison
related to a technology in calculating wavefront aberration is disclosed
in the 10 U S RierdatNon 2t943,108% dovjidutsi o sgpdtasiyle, syasveaskPli,hat has
the sane structure as the neasurenent reticle RT is used, and a plurality
of measur ementsyat tweavest fortnecth tore tthg inagk saree e quemitdclilon esfpised. on a
substrate via separately provided pinholes and a projection optical 15
system whil e systefrerRincies pampmrsedorta e reaskiden lexposdrondn tile Hlsstrat e
via the projection optical systemw t hout passing through condenser |ens
and pi nhol 8s. CREh, a polstt iRfdle)déds dt iYW he reefissteniGradas of the
plurality of rreasurerrenteépatter ns fromthe respective 20 resist, i nages of

t he reference W?‘éerﬁ HE R IR &FF W i é’_tréjrjrﬁ‘ﬁeld”b&i’dihcﬂ]i on, the
vevel 1ont abertalign, (S ool aled o T COmULAL ! ) PLosedu e oL LG L1
executing the 1St of S0 AMANG v el [Ny (WAL Yion BENAIANL] %, the
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



within the field of projection optical systemPL, or in this case, the
coefficients of terns of the Zernike 68 2 8 SEP 2005 pol ynom al, such as
the coefficient Z2 of the second term up to the coefficient Z37 of the 37
th term can be obtained. After the data of the wavefront (thggcse Rugi ents
of ternms of the Zernike polynomal, such assthe 5 coefficient Z2 O the
second termthrough the coefficient Z37 O the 37 th term is obtained,
the process proceeds to step 132, which sets the flag F to one and stores

the data of t{qﬁéﬁﬂﬁﬂJé¥¥oﬂ{LE%$ r%E%@@YoﬁtQﬁﬁgep@§§@i5ﬁaih§ev5@%@ ﬁg In

step 134, the rd programi’s reloaded into the “nmain menory. In this
case, as a Wﬂtz]t&,r, %Am%eseﬂa\;@@m&@'é% PEOOF &R bgud Odaded afiterodinfd rst

programis unloaded 'into the original area in storage unit 42. In the next

step, step 1365, &¢GHdI b0 O;%rb@si@ér dre 18t PEQIREMUcORELRE bhEitabasted
aberrations input in step 104 1s calculated for each neasurenent point by

the follow ngyspuatidis (A5, USiNGAderer v ket vart att1on pabheip T eaf ed
earlier. 20 A=KxfZzZ2X(the table's value) -+-Z3X (the table's val ue)+

+Z37X(t he pabltnis vwie)iment . f47)cAlcubatbhg thseyavsfaohar get ede
aberration in the projection optical systemPL such as astigmati sm or
field 25 curvdtnowe $hach-Hadexaval wevefrohe catgelatiebepréncoplesuch as a
| i ne-wi dth abnormal val ue, which is an index value of coma. Kis a
proportional constalexthi cthe snehodcebrephgubating the wavefront based

on the above positional deviations will be described
briefly.
10 As is described above, positional deviations (A&,
An) correspond to values of the gradient of the wavefront,
and by integrating the positional deviations the shape of
the wavefront (or to be more precise, deviations from the
reference plane (the ideal plane)) is obtained. When the
15 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
Ag_k?x- A(2)

ow
An=k— A(3)
(T

Because it is not easy to integrate the gradient of
20 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 respect to

25 an axis in, whose component in the



2 8 SEP 2005 to the sensitivity of the resist and so forth. In the next
step 138, the targeted aberration or its index value cal cul ated for each
measurenent point in the nmanner above is shown on display unit 44. And, by
5 this display, the operator can easily recognize the aberratidf & 2K
projection optical systemPL in questiongd n the next step, step 140, the
decision is made whether or not all the targeted aberrations (aberrations
10 (image form ng characteristics) for which conditions have been set) have
been cal cul at ed.rdiimfidie nd€Gi1Siddrdck idiedat iave,r iighe opleeess sketiesns Thatst ep
136, and the next targeted aberration is calculated and di spl ayed. \Wen
all the targetied aben atdvatrdmvél Heerxbh esaeculuastied ian pol@rmanner above,
the process proceeds to step 142 where a screen for verifying whether the
simul ation i s dowrcimatruesisseati si@,aPéd chedZephayeuppiyagmiadndst hen the
process proceeds to step 144 and stays there wuntil a predetermned tine
has passed. 2@xWuesseate a5 dde{er mrddi 3 | errIndePpas ddie tamuatiqn (fovees onto
step 146, where decision is made on whether or not instructions to
continue the sigpulatpon SJRb@(? RNpyt . i i } e
continued, i ns?vrdtggt’?gng)?‘br "c n%ngaz;teMthgﬁI%@ﬁg” gﬁgﬁ)ﬁ%géﬁgb%
predeterm ned tine, therefore, if the answer in step 146 is negative, the
process of5this routBemauerds headedrdrke trealiddeipsiloymontiatl st Re” G)m#nst i on

does not have to continue. 70 20 SEP 2005
known, the description thereof is omitted. Because the

terms are orthogonal, coefficients A", B," of the terms
can be determined independently. Using only finite terms
provides a sort of filtering.

10 Because the differentials are detected as the above
positional deviations in actual, the fitting needs to be
performed on the differential coefficients. 1In the polar
coordinate system (x=pcosf, y=psinB), the partial

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

ﬂ:ﬂy—cose—}—ﬁsine A (5)
ox op p o0
W _ W ino+L W coso A (6)
oy op p o0
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



Meanwhi | e, when instructions to continue the sinulation have been input
during the predetermned tine, the process returns to step 102, and

herei nafter repeatedly perforns the process and deci sion-making, 5
according to the next conditions specified in the simulation. However, in
this case, because the flag Fis set, the&7decision in step 124 §&P 2008i ti ve
so the process goes fromstep 124 to step 136. That is, when the wavefront
aberration of 10 projection optical systemPL is neasured, the sinulation
is continued wehhayt 2me-(Feasidiingg ltdee twas@-dr.ont aberration. As is

descri bed above, in the enbodi ment, the operator only has to sequentially
i nput necessary ite@schlEerimaocifnphe deirnhike gpodgmdimic lt cdrire sgomeen,tas
wel | as input instructions to neasure the wavefront aberration, or in

addi tion, al sen opiticddt @befr naltd oposi Fhohhkrngeei atbvas —E@4e rAtiexmisn t he
each of the areas Si,j nmeasured by the overlay neasuring unit. And, wth
this operati osubzfapddadde e negngaced b idgli’ oh At on® t he
measurenent pattern of projection optical system PL (i.ncluding |ower-order
and hi gher 2 or 38 IESAISneMYs USA NI & 28N iR o lopHdtg dgvefront
aberration) is, automaticaglly and accurately .cal cul at and di spl ayed on 25
di splay unit &PSTHEFE e aditsn Cit Pe Oé’anJﬁyi/l asﬁ’cf%eé‘bcerpﬂ‘r il ergcoéni zed.
Furt her nore, e%gp.mh%p the targeted aberration are in plurals, the
aberration ca glnﬁbCurately recogni zed, by neasuring the wavefront 71 28

SEP 2005 aberrati on 1of . ;{3 §GhiAN 20PYrGAIN SH S8R b YG&cHAb1ogy

in calculating wavefront aberration is disclosed in the

10 U.S. Patent No. 5,978,085. In this disclosure, a mask
that has the same structure as the measurement reticle Ry
is used, and a plurality of measurement patterns formed
on the mask are sequentially exposed on a substrate via
separately provided pinholes and a projection optical

15 system, while a reference pattern on the mask is 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 systemIPL, or in

this case, the coefficients of terms of the Zernike



this case, while there are various forns for displaying the targeted
aberration, the formis preferred where the results are expressed
nunerically in a way that is easy 5 for anyone to understand. In such a
case, analysis of the coefficients of ternms of the Zernike p@hwﬂgntmg is
not required. Moreover, as is obvious fregmthe flowchart in Fig. 7, the
exposure apparatus in the enbodi nent can easily 10 set the optinum
exposure condition corresponding to the subject patterns. That is, the

Opt'”U”‘eXpOSEbﬁyﬁgﬁﬁbﬁbOQuC%a%sth%a%bbffi%HéWﬁeﬂzr@Peﬁmenge&@ﬁdst@ﬂﬁ 102
and onward, y inputting the sanme subject pattern and the same targeted
aberration (whpchomnebeor Afiwiantt ¥.;0fof ypies)318 termhecanndiet bbhaseetli ng
screen in step 102, and by sequentially inputting different illum nation
conditions, nuneri@&keapehudata widvehengtivefrand t(hbel ckeffactiketsi nput
screen in step 108 where information related to projection optical system
PL is input. Af aecassedushee Ze2Bike gtodiyntddalthesusbnadistitbe is defined in
which the target aberration value shown in step 138 is mninmal. Needl ess
to say, the sobefdicicat e abdtheedesendhiermarhrovsht Ebe| epebhicient
automatically defines and sets the optinum exposure condition based on the
definition. THis 9% D betauser™ of SeRRFPLBE hEDP| PEAFRAFI BROEBRAPt FOBn can

be changed respectively by selectin di fferent apertur stop,of the
i |l umination $§SPerhHpert i S5 ﬁlh%t gﬂ?@, Eettﬁ’eo i% I%°§ﬁé°’r t%t}}ree of the

pro) SCLi on OPLSEl (SYSHEMT2 28 005 Pl SH P AR LLegba i s
opti cal syste@%MEL, and the wavel ength of the illum nation light EL can
10 In step 134, the third program is reloaded into the
main memory. In this case, as a matter of course, the
third program is loaded after the first program is
unloaded into the original area in storage unit 42.
In the next step, step 136, according to the third
15 program, one of the targeted aberrations input in step
104 is calculated for each measurement point by the
following equation (7), using the Zernike variation table

created earlier.

20 A=Kx{Z,x (the table’s value)+Z3x(the table’s value)+ ..

+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



be changed by giving such control information TS to light 5 source 16.
Needl ess to say, information on the defined exposure condition may be used
when the operator creates a process programfile (data file for setting
exposure conditions). 10 Next, the nethod of adjusting the i e formng
characteristic of projection optical systeemPL will be descr irng&E\R/n?@ﬁ IS
performed by a service technician of the exposure apparatus naker or the
like, in a sem conductor manufacturing factory. 15 As a prem se, the

CD- ROM cont ai phnghtheehkisivithreagbhehirediprognansoafidrthe dat abase
created in the manner above is set in drive unit 46, and the first

t hrough third progranstheenerst atépdlBf, stheagergnted4@perahbngnwioth t he
dat abase associated with the second 20 program When instructions for
measuri ng the1havehdeﬂtvaébercaﬂcohatsdlﬁpmteb?htméa§éﬁ@m@@tt@@h@¢c#@n or
the like, nmain controller 50 (CPU) transfers the pattern of neasurenent
reticle RT ontbewahsnew abpvaeasushaynt RE 28 spadadf KHAL 4Ber rABfonPY¥t a
plurality of (in this case, n) nmeasurenent points in the fleI%@
prolect|0d3opthééldl§9éﬁ§m1pbelﬁpﬁﬁét§5n§aﬁrGéédéﬂer§§°9§lﬁﬁe& usly
described (refer to Fig . Wafer Wis then devel op e% 3.28 SEP 2005
the ¢/ D, and ﬂﬁéﬁrﬂéﬂép ﬁfhégeb86ﬁ38€§éP8p88tlFﬁ PYStEM Blmddes of the
measurenent pattern and the reference pattern are fornmed in each of the
areas Si, ] ar A4RGEE°Pn a matrix on wafer W in the sanme arrangement as is

shown in In the next step, step 140, the decision is made

whether or not all the targeted aberrations (aberrations

10 (image forming characteristics) for which conditions have
been set) have been calculated. If the decision is
negative, the process returns to step 136, and the next
targeted aberration is calculated and displayed.

When all the targeted aberrations have been

15 calculated in the manner above, the process proceeds to
step 142 where a screen for verifying whether the
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.



5 Fig. 9B. After that, wafer Wthat has been developed is renoved fromthe
C/'D, and overlay errors are neasured wth an external overlay neasuring
unit (registration neasuring unit) in the areas Si,j. And, based on the 10
results, position errors (positional deviations) of the resi h %ﬂp of
measurenent patterns 67i,j fromthe corrgspondi ng i mages of i eifeg@sence
pattern 74, are calculated. Then, the data on the positional deviations

(A~, Ail) 15 in the areas Si,j is input into main controller 50 by the
service technici a”dl@éaﬁﬂ?iié,kewr\/é@ inputuei dnto ddrcidand atHey, the data
on the positional deviations (A~, ATl) in the areas Si,j may be input into

mai n control | gf 50,1+ 9Bhi REvE rese A hengixt ednal n@veié ayr edasernimgedni ime 20 | n
any case, responding to the above input, the CPU of nmain controller 50
| oads the firgheppegeassi pethensata stepot§?, amod baseeionftée positional
deviations (A4, AIl), the wavefront (wavefront aberration) for the areas
Si,j correspesgeagetidyt herforss theopygbcass hangade brbeR-PdKHRI25 within
the field of projection optical systemPL, in this _case, the coefficients
for each df thecbedisgi hot hbe Fekhi kengbtyppsi aPecifithdasnt ke coefficient
Z2 of the second termup to the coefficient Z37 of the 37 th terqxgs74 2
8 SE P 2005 t kémEdRSiLRE . poiGHRVEE 1 ar kDriAR%d RREGHI nd S of 132 © 1% st
program In the description below data_ qQf the wavefront v
aberration) f&etrh&hei A§C1640Pn&"nEREB ﬁgésbﬁeﬂﬁﬁiEbS?nFomﬁﬁgiﬁiégggfieId
of projection i cal
prol © g%%% %%om step 124 to step 136.
That is, when the wavefront aberration of
10 projection optical system PL is measured, the simulation
is continued without re-measuring the wave-front
aberration.
As is described above, in the embodiment, the
operator only has to sequentially input necessary items
15 via input unit 45 according to the screen, as well as
input instructions to measure the wavefront aberration,
or in addition, also input data of the positional
deviations (Af, An) in the each of the areas S5i,j 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




system PL is expressed by a colum matrix Q as in equation (8): P, P2 M
A(8 M PIn equation (8), the elenents P1 to Pn of matrix Q are each a
colum matri x (vector) nade up of the 10 coefficients of the second to the
37th ternms (Z2 to Z37) of +the Zerni ke polynom al. Wien matrix2® $EP 2005
cal cul ated in the manner above, main conVioller 50 then stores the val ues
in the tenporary storing area in the RAM 15 Next, the CPU in main
control ler 50 loads the second programinto the nmain menory from storage
unit 42, andaperpatesnt b€ pdptistieph apuintlokyshemmPlabindyl emses 181

t hrough 134 previously described in directions of each degree of freedom
accordi ng to thésseasnd phaogeanhe28 Beewsemidatsa fQrofs tee wWadweleoring
(wavefront aberration) for the first to nth neasurenent points, the
matrix O storeHei harbeted ROMrastihe, dahabdoem asdpaefeadjedshere dmsunt s
vector P of the novable |enses 131 75 2 8 SEP 2005 throu h 134 in
directions of reaghtaegr@eeesprﬁﬁéédoﬁvmﬁrirc@ﬂéty R & Wiy fihets dig @\ﬁiSrYg
equation (9) exists: Q= P (9 In equation (9), Pis a colum rhx
(vector) 5 h§9rnanﬁpéﬁeﬁ@np§d§§Stﬁ“@qua%PoﬁuFQO? case, analysis o e

coefficients of terms of the Zernike polynomial is not
required.
Moreover, as is obvious from the flow chart in Fig.

7, the exposure apparatus in the embodiment can easily

10 set the optimum exposure condition corresponding to the
subject patterns. That is, the optimum exposure condition
can be easily set when repeating the steps 102 and onward,
by inputting the same subject pattern and the same
targeted aberration (which may be a plurality of types)

15 to the condition setting screen in step 102, and by
sequentially inputting different illumination conditions,
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 consequence,

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 because, 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




P= A (10) ADJ1 ADJ2 MM ADIJm Therefore, fromthe above equation (9), by
conputing the follow ng equation (11) using the |east- squares nethod, each
of the elenents ADJ1 to ADDmof P, 10 or in other words, adjustnent anount
(target adjustnent anount) of novable | enses 131 through 134 i n_dir.eetions
of each degree of freedom can be obtained2 P= (OIX 0) -1X 0,2 éfﬁ(@% n
equation (11), OT is the transposed matrix of 15 matrix 0 and (OIx 0) -1
is the inverse matrix of (OIx 0). That is, the second programis a program
for perform ngrachaeagle setareseIst kadheanputatricadnbyahhe babadéusquatyi on
(11) using the database. Therefore, the CPU cal cul ates the adjustnent
amount ADJ1 t apARimr20 saopordi ig Fdot.hé sécomdiprogpanvphitelsegatrmi al |y
readi ng the database fromthe CD-ROMinto the RAM and then shows the

adj ust nent an®lint snoh thiee wecedenash odi spkayldniminasigs webhta&Lstcéenes t he
val ues in storage 76 28 SEP 2005 unit 42. Next, main controller 50 gives

i nstruction vdeuehanged kygeivdngi Sycbhsratredi dnfegmasipectohOcdAtRSl | er
48 according to the adjustnment amounts ADJ1 t hrough ADIJm 5 stored in
storage un?t £PUSES HE-drive amounts of the

Needless to say, information on the defined
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 like,
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



novabl e | enses 131 through 134 in directions of each degree of freedom
Wth this operation, image formng characteristics correction controller
48 controls the applied voltage to each of the driving devices that 10
drives novabl e |l enses 131 through 134 in directions of eachgﬂFngqmy
freedom and at | east one of a position 4&3d posture of novable I'enses 131
through 134 is adjusted substantially at the sanme tine, correcting the
image formng characteristic of projection optical system PL 15 such as
di stortion, ficakdcgor,vahdr &heqonm,feyphiehiacalbecabetenatliaped artheastd gingt i sm
As for coma, spherical aberration and astigmatism not only the | ower
orders but alisagtbeolfi gher merderemehtt pa takenr atndrheanrdferoraect ed. As
i s described above, in the enbodi nent, when 20 adjusting the inage formng
char act eri st i pastepnojagret iformesptiine &achy stferbhRl andses Sar viawr arasdthiigi an or
the like only has to input neasurenent instructions of the wavefront
aberration vi aatapet oinive 43, Wor iinn tAddisEimen arjansiamate afosis idwgn in
deviations (i~, Od) for the areas Si,j 25 neasured by the overlay

measuri ng Uni F19W Rt hi s operation, the inmage form ng characteristic of

Becur acy. 28 SEP 2008 P Fhetend GPn e tiboy e Aoq bR o UELPThe T of | ow ng

cauali on, eaUaLLa L akoniel A2 SATALY SIRU AL, Gl ARSI N0 2

(0TxGx0) - 1x0TYPQuy (IR rnl) GWHAN QP rlctBrriGd Lrft O AAQAle SRLFIX Wi th n
measuring unit) in the areas S;,5. 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 (AE, An)

15 in the areas Sj,; is input into main controller. 50 by the
service technician or the like via input unit 45.
Incidentally, the data on the positional deviations (A&,

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 (A, An),
the wavefront (wavefront aberration) for the areas S;,4
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

7th

second term up to the coefficient Z3; of the 3 term of



rows and n colums as in the follow ng equation, equation (13) : A22 G 0 0
A (13) In addition, elenments Al,;. (i=1 through n) of matrix 10 G each are
a diagonal matrix wth weight paraneters 6 as the elenents. In this case,
Ai,i is a diagonal matrix with 36 rows and 36 col ums expr paﬁmé
equation (14): 0 A, =0 A (14) 4536,36 Thérefore, each of gﬁgsgnts 6] ,]

(j =1 through 36) of 78 28 SEP 2005 di agonal matrix Al,i represents the

wei ght paraneter corresponding to the coefficients Z2 through Z37 of the
second term tenhthge3di ket poIyRbmibE, Zerai kempot ydoatabrdirgstivethat each
measur enent point. So, for exanple, when 5 | ow order distortion obtained
fromthe neasgiesenprogesults of one or a plurality of measurenent points
is to be corrected in particular, the values of the weight paraneters
such as 81,1 and 8212 thetHescoipespondehgw, ndatar efebhepuplie§ronty have to
be made heavier than the 10 rest of the weight paranmeters. In addition, for
exanpl e, wherwsphérpohl ahberatipoh €00 ébﬁpéhéﬁ?)tebFHPnéd]fron1the

measurenment results of one or a plurality of measurenent , ,
5 measurement point within the field of projection optical

system PL is expressed by a column matrix Q, as in
equation (8):

R
P,
M

M
| P,

n

In equation (8), the elements P; to P, of matrix Q
are each a column matrix (vector) made up of the

10 coefficients of the second to the 37 terms (Z; to Z37) of
the Zernike polynomial.

When matrix Q is 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 13, previously described in directions of each
degree of freedom, according to the second program.

20 Between data Q of the wavefront (wavefront

b measurement points, the

aberration) for the first to n®
matrix O stored in the CD-ROM as the database, and an

adjustment amounts vector P of the movable lenses 13;



points is to be corrected in particular including the high order
conponent, the nean of weight paraneters 88,8, 15 815,15, 824,24, 835, 35.
836,36 at the correspondi ng nmeasurenent points only has to be nmade heavi er
than the nmean of the remaining weight parameters. In this cagg SERo2BEr
programthat works with the second progréﬁﬁis preferably provided, and the
screens 20 for specifying a neasurenent point and inputting the weight for
each of the ternms of the Zernike polynomal are to be sequentjially

di spl ayed by thequgigrlidm iw dh restdlonsn ofr e@arhedaares kd &G/t &chni ci an
can easily set the weight paraneters described above using input 25 unit
45, Dby i nput t ined atieonmess drerddm ot v ik@reqPRt 1R r 62h §%1SSHeci fying the
measurenent point is displayed and by inputting the weight of t t erm of
the Zerni ke pol ynof & rresponding to the aberration to be 28 SEP 2005

for I mputting the weiGRIIE tibpl Syed -Ebett T, TorE et oLt Sor eon f or
i nputting the weight, | ural i 0 ; [ t referred to above is 5
preferred,gnnﬁ@“%%ﬁ%ﬂ?i%g§ﬁint%t%%rl%h%%8%§%§é ggﬁg'to i nput the wei ght of
each term input of the weight divided into four groups such as 00, 10,

30, and 40 is preferred._ In the latter case, a desired set value can be

i nput by each 0 groupALU@WQenerically refers to 10 coefficients of the

terms of the Zernike| pgjygriom al (in this case, the first and fourth terns
are excluded) that ¢o ﬁft i nclude sin or cos (Z9r Z16, Z25, Z36, and Z37)

, 10 P= A (10)

M
_AEUm_

Therefore, from the above equation (9), by
computing the following equation (11) using the least-
squares method, each of the elements ADJ1 to ADJm of P,

10 or in other words, adjustment amount (target adjustment
amount) of movable lenses 13; through 134 in directions of
each degree of freedom can be obtained.

p= (0" 0)7'x 0"™x Q. _ (11)

In equation (11), o' is tﬁe transposed matrix of

15 matrix O and (0™ 0)7! is the inverse matrix of (0™x 0).

That is, the second program is a program for
performing a least-squares method computation by the
above equation (11) using the database. Therefore, the
CPU calculates the adjustment amount ADJ1 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



generically refers to coefficients of terns (in this case, the second and
third terns are excluded) with sinO or cosO 15 (Z7, Z8, Z14, Z15, Z23, Z24,
Z34, and Z35) ; 20 generically refers to coefficients of terms with sin20
or cos30 (25, z6, 712, 713, Z21, Zz22, Z32, and Z33) ; 30 gengﬁiégib%s
refers to coefficients of terns with sin3® or cos30 (Z19, Z26, 0, “and
Z31), and 40 generically refers to coefficients of 20 terns with sin40 or
cos40 (Z28 and Z29). In the enbodinent, as is previously described, main
control |l er 50 wexiecutzes the third programand the first programso that the
imge formng characteristic (aberration) of projection optical systemPL
to be known 25 can Bextecoghinzedndineddte radtOo gatviesaliingt nmedri orher adpersat or

or the like sequentially inputs necessary issues via input unit 45
according to ttve idiags e o nchehsgesde rrd 1 dsnmears iatsitony @andri ttle s ur e
the wavefront aberration, 80 28 SEP 2005 or in addition, inputs the data on
posi ti onal deARRIWHNY (R~ the |Ad st nend meadits AP eddnre@hyhde overl ay
measuring unit. Therefore, after the imge fornin characteristic of

proj ect i on2optI ALYt ThPI29S ‘)Sl%dj‘l@stog‘ti the grféq’r’?ar‘?ﬁ@rlm&rse\ﬂ s

descri bed by nuki use -of ch, arrang nt he service technician or
the like perfnbﬁvré}%t%zesqsrﬁﬁ agt |1oEhﬁ%gﬁoggfyl%eéﬁﬁ%%ho%% That® nrﬁe state
of whether thegJ e rd aracterigtic | B uste p can be
confirmed on f% |sﬁ$§¢ﬂa §%peeﬁgkshgﬁa%hebgéggggﬁén?mggenggggﬁggeeding

as_pl anned, %éf%%éxii Pl AldIn N dJRIR UM Lharapterdmtics  as
information related to the targeted 1nage formng characteristic, the
i mage form ng gharact efditdde thatedch 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 (A£, An) for the areas S;,j
25 measured by the overlay measuring unit. With this
operation, the image forming characteristic of projection

optical system PL is adjusted almost automatically, with

high accuracy.



not adjusted as planned can be recogni zed, therefore, 15 necessary

count ermeasures can be taken without further delay. In this enbodi nent,
ot her than the mai ntenance operation, the operator or the Iikg ihgo
give instructions to adjust the inage form ng characteristic quﬁ’

proj ection optical system PL even during hébr mal operation. After the
operator or the like gives the predeterm ned instructions descri bed

earlier (including. input of condition setting and | ﬁornation
related to the projBosteadopfitas %?@Y%n?quétbPBcééé nFPi ¥5"Ehe
above sinulation is perfornmed in th thetloHT g%w%
control |l er SOEQQabléateeguaEFﬁPIéizkerHPkEhVéFlﬁt pHﬁS en the

wavefront aberration |s,neasu5ed and the 05|t|onakl% V|%5|o Jdata 2 8 SEP
2005 81 inputforhéecﬁgrﬁﬂnﬁaﬁn eBALT SAFEF S50 CSERIESEE Ny cul‘ates the
targeted i mage fornlng racteristic in the manner descrlbed above. In
this case, inadfehBeofecANEpPaPPAG i nformation related to the targeted i mage

5 form ng characterstigr i-spla it 44, or with the displayz2)the CPU
may cal cul?ate the d |végdﬁ€§ﬁ E¢’¥%gﬂ novabl e | enses 131 to 134 in

di rections of each gggrggaggonfqﬁ gonbsqstQahlg@%ngqrg@quxaQQRﬁa&ion IS
optimal (such as z ? accordlng to,” for exanple, the second 10
program by th(}e__ ngaggldsglu%r 3% pet Bad 1inh thie MWy efquast i dief eguatiirs can
be achi eved by "a sinple np Ication of the software. Then, the CPU in
mai n control | gr33Q provides the instruction values of the cal cul ated drive
amount to

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):

- T

622 ()

A = A Q4)

536,36 i

Therefore, each of elements 3y, (3=1 through 36) of



15 image form ng characteristics correction controller 48. Wth this
operation, image formng characteristics correction controller 48 controls
the applied pressure to each of the driving devices that drives novabl e

| enses 131 through 134 in directions of each degree of freeg p 20 at

| east one of a position and posture of novable |enses 131 4 gEgh 34 is
adj usted, correcting the inmage formng characteristic of projection
optical system PL such as distortion, field curvature, conm, spherical
aberration, gndqg8skiomBtLsm AAS tepressBtsspherweabhabparankoarand 25
astigmati sm not "only the |lower orders but also the higher orders of the
aberration camobecepbnachgdtoWhb exposuceeapparattisrdilyh iZyhefenbedi nent,
when sem conductor devices are manufactured, reticle R for 82 28 SEP 2005
manuf act ur i ngsthendevieemstbstheadet artrm rodt itdlee Zstragke RO vaemtiled reticl e,
and then preparatory operations such as the reticle alignnent, the
so-cal | ed basekkseremeasurenbnneagndenhatwapental i FpurefRr sekdmake ¢ HeNEGA 5
(Enhanced d obal Alignnment) are perfornmed. Details on the above preparatory
oper at i onsb sudhwasrdemedistpetécnl PRAEAEahdorhENBaBEPFHESRERSUr eneNt are
di scl osed in, for _exanple, Japanese Paient plication ai d- gpen, ‘
Appl i cation N&e6¥1584933088dOhe PoPFESpEMdPhg™EGSHremep tgﬁﬁn%é 1s to

5,243, 195. Furthernore, ggtails n E th%t fo&loms re.di scl. %d in, for
exanpl e, Japak8sE&OIPECER ABpP?EgPFB afai §P5pERRGS 8%-%232§eé§§ t he
corresponding U S. Patent . 4,780,617. As | i [ | i
designgtedls?§F§§m@F%§%géP§ &FaPhd 404 4 zmﬁggﬁhgﬁ?épfﬁ é?%%f? naIaWS "

appl i cation I%e%%@fé%%htp%%qhks 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 08,8/

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




t he above disclosures are incorporated herein by reference. \Wen the
preparatory operations are conpleted, exposure based on the
step-and-repeat nethod is perforned, 20 simlar to the' neasurenent of the
wavefront aberration. However, in this case, the stepping operat2®rS&Ps2005
perforned based on the results of wafer ahpgnment with the stepping in
bet ween shots serving as a unit. Incidentally, because the operation
during exposure is 25 not any different froman ordinary stepper, a

detailed desgpiptipBdi snophttedulbexheat/iermehhadtot BRkiety texpesumen
apparatus 10 wll be described. 28 SEP 2005 83 When naki ng exposure

apparatus 10, tfbrstreénakbr ihplufingt tha aptiighal isystiemlbyecanpri sing
optical elenents such as a plurality of lenses and mrrors, projection
optical systemspeciandythenrehechepstagerbesysoemiapd tthegnwarher wetiape ,
system made up of many nechani cal conponents, are each assenbled as units,
whil e adj ust geplusathtasobptiypak adj uspmentre feeckdnitcaleboad ust nent, and
el ectric adjustnment are perforned on each of the units so that a desirable
per f or mance cprnebertédsemoredsprcéddhadiivy. oNdetr, tihanykiedad ®leptticcal
system 12 and projection optical systemPL are incorporated into the
exposure appaRBitsthai Webaay, Odseaeh tgeMyhd npatti Ofe tEage 1t em and the
waf er stage system and then the wiring and 15 pi pi.Rg e connegted. Then,
optical adj usEhBAfers 1pEpPt SPHEDIERUPS uch” as” o8, P1B7 367 &nd"ab" e

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 (Ze, Zis, Z25, Z3s, and Z37); 10
generically refers to coefficients of terms (in this case,
the second and third terms are excluded) with sin® or cos6

15 (Z7, Zg, Zia, Z1s, 223, Z24, Z3a, and Z3s); 20 generically
refers to coefficients of terms with sin20 or cos30 (Zs,
Ze, Ziz, Z13, Z21, Z22, Z32, and Zs3); 30 generically refers
to coefficients of terms with sin30 or cos30 (Zi9, 220, Z30/
and Z3;), and 40 generically refers to coefficients of

20 terms with sin40 or cosd0 (Zzg and Zig) .

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,



illum nation optical system 12 and projection optical systemPL. This is
because such optical systens, especially the image form ng characteristic
of projection 20 optical systemPL, slightly change after being

i ncorporated into the exposure apparatus nmain body. In the enp@d§Emetld t he
first, second, and third progranms and th&0database 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 appairrataddineian badpuths téhd idesta et hpeds iafi coptll ceEviat@adinest i ng
projection optical systemPL, a worker performng the adjustnment 2 6 SEP
2005 84 oper at{&n rersfices tihee aveeel Sant reeurad &y ¢hepoojegd@iyon  opti cal
system PL using neasurenment reticle RT described earlier in the manner

al ready descr ifraBuieh, ubit . | Apereifager hafivedsthemdpadeedqrndngo main
controller 50, 5 mai n controller 50 then perfornms the processes according

to the first afitRzatiohd PricyramPry aHaon P ifide SYSa® i difar act eri stic
'(I)'Leﬁroi‘ g?tlﬁﬁg %ﬁl cal ' s stem ﬂ_arﬁr}%r tFHJEEUSted as ccurf%}qu;S/tmas osr}sglebl‘lsee
heasur ement &t ci °r¥maf *éaerg g d %lsée?r'vw% RS S Ny S
et Yot desa{fgﬁg leeensmp’yl% l{»’f téirln%oltﬁﬂ@%ﬁeg cont r oI %S%kbagc Q;Lhe the

wavef r ont aberr i on fTai N con mal-n

perforns the pg gf dmé:@r{@f Nhd O ﬁrédfﬂn@%&ﬁya&ﬂﬂr@ms and shows

the astigmati sm curvature, I ne-w dt h abnornmal val ue
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
cperation. 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




corresponding to coma of projection optical systemPL after the adjustnent
on the screen. Aberrations that have 20 not been corrected at this stage,
mai nly the high order aberrations, can be determ ned as aberrations that
are difficult to adjust automatically, therefore, attachment »8 SEZES or
the like may be re-adjusted, if necessary8lAs a second nethod of optically
adj usting 25 projection optical system PL, when a worker who perforns
adjustnment in the manufacturing stage inputs instructions (including input
of condition septtnpgtasdceupvt akini pbatmetliler Hel akethena itald ypr oj ecti on
optical system 85 28 SEP 2005 like the adjustnent described earlier, the
CPU in main cabtndbkkes BBepertgenedpimegssdés radagr dihag atod etrfies trika rich
program and a simlar Zerni ke variation chart is created. Then, the

wavef ront abekthetmennet peeredbednabpriecal I5 thsserpPe, i snabasdred in the
procedure previously described using neasurenent reticle RT al so described
earlier. And, dbgprlapingi AgfonBagdasuredaned ésulthe §RrIfhesk redSberrati on
to main contraoller 50, the CPUin, main controller 50 perforns processing
accordi ng *o £REMIDIF FRIFAGRETERILE PRograre 2yr &Vitduddy Feseiitbedheand the

t ted ab ti [ tiall | qul ated. Th i nst ti I

on Orive anouRk SBRSHovABFe FUNERY Fa1CUA 2ag e e FITBRE o atit degr oe
ff d ' to. f ' ch teristi '

cont 10l 1 o1 4B 8 P 16HEEM 388 (ool B o el S RUCRE (90 Got S0 A% 5t on

thnghis operatign, 'gaﬂﬁaEOE%%”QaEg%E%ﬁi%Qé??d%iqd“%&*% QML 1o ] | er
justs thé targeted inmage orm g characteristic of projection optical
system PL 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 1image 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 13; in directions of each degree of freedom, and
20 at least one of a position and posture of movable lenses
13; through 13; 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



such as distortion, field curvature, coma, spherical 20 aberration, and
astigmatism wth as nuch precision as possible. Then, for the purpose of
confirmng the adjustnent results, the simulation referred to earlier is
performed again and astigmatism field curvature, a |ine-w dtp 235EAKEs nal
val ue corresponding to coma, and the |ikegpf 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, 86 28 SEP 2005
can be judgedpasuzberuatngnteif Heqtibt st @sadpused adtoneettalbysthberefore,
the | ens assenbly can be re- adjusted if necessary. \Wen a desired

per f or mance cagmotsbehebtraitnedeevend Shehepreberabovg ppeadfishgeantichas
been performed, the |enses may have to be reprocessed or replaced. In
order to sinpkithet retiepeoedsgnmgnaf, the spticealledl baeridnef projection
optical system PL, the wavefront aberration referred to earlier my be
measur ed usi ngeasweregendnt ahgl mbeswedewnelighmest skhehl BRetBpeElhi ed for
wavefront measurenment before incorporating projection optical systemPL
into the expodfndanssar &lobataifd gpmpntandrebrsédosietine nmeasur ement
results, whether or not there are optical elenments that require
reprocessing and it 9et8idssini bhecaRO8E Pd&REFRFRAY PRER2TLRBSr 8PFBCaSsi ng

of the identified opti.cal .el enent and the readjustnment of the er
opti cal eleneﬁgf ﬁ&}lﬁéepégﬁgpﬁﬁﬁtiﬁnﬁaﬁgﬁléﬁsehﬁngdﬁﬁ SoRSMERS %%?ica
el enments of prqo

e o cLFEARTLR, 7L 50 ST PkcRe SRkaeedppetceiin o hen
Laid-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 1is
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.



they may be replaced per barrel. Furthernor i
_ _ _ : e, when reprocessin
optical device, its surface may be processed non-sphePicaIIy, ?fthe

necessary. I n addition, when adjusting projection opti
est _ on, _ ptical sys
pos: tion 25 (including the spacing bet vve§ ot her opti cal e%/e?@%%‘ 2(‘)ﬂr5e
inclination may sinply be changed, or esp gially when the optical el enent
is alens elenent, its eccentricity may be changed or it nmay be rotated

around optical axis AX. 87 28 SEP 2005 T J
el ectri cal adjustrﬁhﬂneﬂﬁktﬂﬂn%ﬁ?QﬁPQ%r$$$%5$¥§%?£bSaghggﬁgg@tSgﬁggrngz

By such operations, exposure a ratus 10.Ln_th i :
E;gpzifr a pa%%kwTPQﬁt¥%ﬁi%P%lgngSﬁﬁtﬁﬂfé? 9&W§f§ggggh ?gg%gﬁgncﬁging
_ tion optical system PL whose optigal¢p i h j
N Ch hi gh pr celSTeR: SAEE RdE, DTHE BXbSobte  Shsarats M orarerably

built in a clean, roomwherg.th akure n i
. . h f
are control | eBFOIHSLIAR ?8€663?o%§g?§%nF¥heaggsgPFpﬁfgﬁgggefgfgﬁ ﬁa?L;ness

enbodinent, mai n_contr gl nstiLtut o ; T .
CO”DUtIngfhniFyﬁﬁamtﬁggstgénggg%%pés?gg %ﬁﬁﬁfﬁ gﬁgkhggkcggﬁffgfPgrf%BS;nd

i mage formng characteri sbh6SnERrEEChirancd i teirl
: ! : =) QAt Belsle@ib148 eansirittg,
i mage fornlngméﬁa?ac%erlstlgsnadjustiﬁg Snit.aFSrthernDre, t he ﬁzgsu:iﬁent

reticle RT, thg.gxtpeRal : . : N
al sQuer hay opragai ag ustirten tanchemiian istnk
make up a nmeasuring unit for measuring the wavefront aberratio;lol):‘er >0

proj ecti on opghgggtmgﬁageahBLe1%&t&ich@@j@ammamayaﬁ6xﬂﬁﬁﬂpﬁﬁﬂQﬂQ? each

according to thé exposure apparatus in th i
e enbodi nent, when the ne i
of the units so that a desirable performance canrke asuring

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. IIn
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 is 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



unit (such as RT and 50) neasures the wavefront aberration of projection
optical system PL according to instructions fromthe operator, and nmain
controller 50 calculates the 25 targeted image form ng characteristic of
projection optical systemPL, based on the wavefront aberrati o@B8oSEP 2005
projection optical system PL which has been neasured and the Zernike
variation table of the targeted imge form ng 88 28 SEP 2005 characteristic
corresponding to the aberration information given when the subject pattern

was exposed. oB¥rH$iBE hBAs4eEBi kBevahiatirontt abkerabibheciappefecdesari bed
above, the targeted inmage formng 5 characteristic can be calculated with

only one neasdpthgalokyshemwetelisany akesugement kptthile Basdesdcmilhdad
nmeasuring, as for spherical aberration, astigmatism and coma, not only

t he | ow order eabédeat ioantheutmaahse altrekdly deaberibedeon Thetudbng t he high
order aberration can be 10 calculated. In addition, since the targeted

i mage form nginph&taogethst neaisgresenscreduas sniiehmadnpesstbpéley PRage
form ng characteristics adjusting unit (48 and 50) based on the

cal cul ati oh r@edht o5t roRd eraPfetEgnaperioEisn ths prRagesesr arrgrding
characteristic), the imge form ng characteristic, of oj ection opti cal
system PL i s t@ok&&qdditily 284 §8COH%LLERFRHy 6 Fﬁétsgbfeépaﬁﬁttern. I n
addition, accarding to exposure apparatus 10 in the enbodi nment raneters
t hat denot e afPéWé%@oﬁ?ﬁFEthélﬁ%ﬁﬁe@% PﬁgjgﬁtﬁgpngﬁﬁlSFasSgéFFPcegp%Fca

el ements for adj.ustnent (novabl e l.enses through 134) and the variation
of the imge £ jﬁﬁﬁgdkﬁ§r§%¥%ﬁﬁ%§%#?(§ ﬁ§%§4§;ﬁ'on optical system PL are

obtained in advanceTh%%q for the purpose of confirming the adjustment

10 results, the wavefront aberration of projection optical
system PL is re-measured using measurement reticle Rr
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)



the paraneters are stored as a database in storage unit 25 42. And, based
on instructions fromthe service technician or the |like on adjustnent, the
wavefront aberration of projection optical systemPL is actually

nmeasured, and then when the measurenent data (actual 89 2 8 SE.R g?p@wm
measurenent data) is input via input unit885, nmain conputer 58 calcul at es
the target adjustnent anount of novable |enses 13, through 134, using the
actual neasurenent data of the wavefront aberration input via 5 input unit
45 and a rel alips expreasiopmbet waesckbeedpanaitte; standCPheinpmalihe | enses
13, through 134 (equation(1ll) or equation(12)). Because the above
paraneters areonbrailbed bd pdvAnemsapdostesed mpcstdiagetouihe 4Rirghen the
wavefront aberration is actually 10 neasured, the target adjustnment anount
of the novabl projeasesnd3a shmbdlgh Z84nfke verietirngchhstwaverireated.
aberration can be easily calculated by sinply inputting the actual

neasur enent vihess thet Wavedventoabesbetiani 8f PYPISFRPAR QREEC2A3. |n this
case, data that are difficult 15 to obtain, such as the design data of the
| enses ar & nosysheBe8Eaig, maaswErH as §h8iPFPEGﬁPr@aFIPWéQPﬁchaIculation.

form ng char aBEEFFSPPas L S008: BEFPURCBAEY SFFoF LEaSt 1 OR iR GbhSFal | er 50
g chara $PPEs r BERPHI r SFFeF - &87Frd Pef RS Chh ?Sller 50,
Tovabl o | enSe82 P3P gl 134 WRRSIBiRG Vos UHe ot Arhett afF aF et amount
per o0, BATRLSRY sBh Ol 81 S AU BT AN Sl chePaey wi o
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,



25 In addition, according to exposure apparatus 10 in the enbodi nent, when
exposure is preforned, because the pattern of reticle Ris transferred
onto wafer Wvia projection optical system PL whose inmage form ng 90 28 SEP
2005 characteristic is adjusted in the manner described above agﬁg;ghgg to
the subject pattern or whose inage form ng6 characteristic is %éj t W th
hi gh preci sion based on the neasurenent results of wavefront aberration,
fine 5 patterns can transferred onto wafer Ww th good overlay accuracy.

In the above gphogknmgntgethascaseritasibeedifdesanicbed whgueton sinul ati on,
various types of information including information on the subject pattern,
10 i nformati oauebmihechalget eteiradgeef, otiend etiisanackeabilgt cen benkermati on
on the projection optical system and information on the aberration that
is to be givendjsstedpat necesisargentroller 50 via input unit 45 such as a
keyboard, and based on such information, main controller 15 50 makes a
Zerni ke variation tHbes af deréredr geré@rmange CABPREn§ScRBEAEDEA] 8VER t hat
corresponds to the aberration information given when nmain controller 50
exposed the whBpe&hepaPeden repdRevetnente Nsse S8 PRYEREMSA i $hRot

limted to this. That is, the third program be 20 installed into a
di fferent conﬁﬁpéﬁsfE@YSbﬁﬂﬁaﬁpoPeoFﬁ@F%cFﬁ§QEQQQ199?&?F89Perf%0?r \als|

vari ous, SSUTREL 015 %5 108 D IR 90, S 28,1 1S RSS! et e
assunption,_input operat | LBy &%ﬂ?%&?dk%ez%aQ%EE%%qengQrg%E%nthe
Zer ni ke vari aFit6d Cabi’e’ S} tvarloug's !
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.



types corresponding to the input information in advance, while
sequentially changing the condition setting, as well as the information on
the targeted aberration, the 91 28 SEP 2005 informati on on the projection
optical system and the information on the aberration that is txpg kepgien,
and fromthese variation tables a databag® nmay be nmade, which may be
stored in the CO-ROM along with the first and 5 second prograns. Wen the
dat abase made up of the Zerni ke variation table of various types described

above is nmade in admase, ovér PTDHGENSNRs et nadter salébdcttheaiourth
program’ for the sake of convenience) is to be prepared, which is a 10
sinplified pregfastoént hend hopelrpt dDgn anet bf hakeidhe CPUfurbheri n control | er
50 performthe conputation previously described using a corresponding
Zerni ke vari apépfiotmblie By smwesparseratoldrite ieypaswie tdepamessus ebenin
results of the wavefront aberration and setting conditions and to 15 nake
the CPU i medihteéybedinvehat thandcanspraysfae atapfgbesd abeFphifdA. RThe
fourth programis to be stored in the above CD-ROM Then, on sinul ation,
the first Sandopourfar ployt BAsIOPH PRECEDLROW AR REPAFFE4OBNOPR&CEtor age

unit 42, and 20 at the sane tine the database consisting of .th erni ke
variation t abP¥SF8McBhi BACES ?HElg?grﬁﬁgpﬁﬁFfeﬁzhaEF,geSﬁl9d9H§gF%rst and

fourth in_the CD-ROM be . install t he_ st it 42 and
the' D ROV g tbb B8R BFRCAFHU GRR PHOTE R L nE ot o Lok dbpffatus'? o

o, 28BS PR OB P s SRR L0, HRRRTEROL ke Zetabke
and the degree of cléanliness are controlled.

10 . As is 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 Rr, 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



case, the CD-ROM set inside drive unit 46 nmakes up the storage unit. This
can be acconplished, by nodifying the 92 26 SEP 2005 software. In the
above enbodi nent, the case has been descri bed where a wavefront aberration,
which is an overall aberration, is nmeasured as the imge formng 5
characteristics of the projection optical ggystem and the tar et SEP 2005

adj ust nent anount of the novable |enses (specific optical elenents for
adjustnent) for correcting the wavefront aberration is cal cul at ed,
according to theraBeastEeAeNtokesdbbadiHgweverthet A®eprasenh i nvention is 10
not limted to this. For exanple, the image form ng characteristics of the
proj ecti on opth€akmaysbamgivbnheahent ahadjsubljrent pamy che wadi exdoakd.nage
formng characteristics, such as coma or distortion. In this case, for
exanpl e, a reBgt iehahi pheeZeeend keheaumiat: ignarntictlye 1% ddjeusemset anmount of
the specific optical elenents for adjustnent in directions of each degree
of freedom andesthébedr ahbiven &fmeuta rgfetielde imadievif@raiindmage f or mi ng
characteristics such as coma or distortion is obtained by sinulation, and
based on the chsubcserpatareicans Pgeetliong aXGc e the CaliYoRstsi PeBSUKESA t he
adj ustment of the specific optical elenent_and the change in the inmage
formng char 8t EPEsHRYE LFONhE@PSEF ¢ on &Pt FRAP §§8EentI'stNBbt ai ned, and

then a database is nmade by the paraneters. ,Then, .when act.ual |y adjustin
the i mage forWFﬁ&ufﬁnghafﬁhﬁﬁaﬁ:ﬁﬂ@ﬁf%ﬂa%iﬁ?ﬁﬁ%ﬁ%&ﬂqkn?%;ﬁ%W§5£S$ygﬁgﬁn gy

8? t ? Ih gi B?ojc g(r:r?:log%r’ ngto:tic %%_l\é/\@ gcih%mal%%o ror}%e r %lbléq:)ra t i%ins‘,t Pelt, i MsPh tt%% ahi ke
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 134) 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



usi ng, for exanple, the exposing nethod or aerial inage 28 SEP 2005 93
measur enent nethod, and inputting the neasurenent values to the nmain
controller, the target adjustnent amount of the specific optical element
can be decided by calculation |ikew se the above enbodi nent, usiggcp g

rel ati on equati on between the inage form 8§ characterlstlcs tfiat has been
obt ai ned, the paraneters, and the target adjustnent anount of the specific
optical elenent (such relation expression is to be prepared in advance).
10 I'n additiomeakOrehenabaveagnbedinpot, vihe inpae bast Beéenmddscri bed where
the wavefront aberration of projection optical systemPL is neasured using
a measurenmentcomeuitelre 50Thelpnéaert theenbirget hojeseémenits amoant! iofited to
this, and the measurenent of the wavefront 15 aberration may be perforned
on body usi ngmavpbileabkeesewalsfromtoadlertat,i orsimeasihe ractdt that is
detachable to wafer stage WST. As such a wavefront aberration measuring
unit, a wavef reasugisaenat dafaneds thiengayriteoss BRs&dagAont RAPYKFad@-aHar t mann
method that uses a mcrol ens array in 20 its photodetection optical system

may be used, é§PU§ U§H6wﬁ5lﬁnﬁ|6.rféatBQPaPW§r§ﬁéH°§sb@ﬁ¥e§PrG@Fure of
wavef r ont aberratlon nmeas uni t riefly. _described. As
is shown in ngraTGteﬁévéPg B aBers e§§eﬁe§§ ﬁﬁoﬂﬂ% 180 conprises a
oo BB AT 5%, Bl el ek
opti cal elenen%§ t%@%egr%no%tgﬁﬁggtqk a%%%nce and stored in storage
unit 42, when the wavefront aberration is actually
10 measured, the target adjustment amount of the movable
lenses 13; through 13; 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
necessary, 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 134 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



94 28 SEP 2005 positional relationship in housing 82, and a photodetection
portion 86, which is disposed on the +Y side end within housing 82.
Housing 82 is made from a nenber whose cross 5 section in the YZ plane is
shaped in the letter L, having a space fornmed therein, and at 9ig g cpgost
portion (the end portion in the +Z directd®n), an opening 82a that has a
circul ar shape when in a planar viewis fornmed so that the light from

above housing 82 will be guided into the 10 i nner space of housing 82. In
addi tion, a cenelra@tass 48 c iis pOMiARM Sih ashd anver dgsid g B2sdveom t he
i nside of housing 82. On the upper surface of cover glass 88, a |I|ight

shi el di ng menicveedimmi treshe Juicidear mpere g om whdse camey farnfiorgred by
vapor deposition of nmetal such as 15 chrone, which shields unnecessary

l'i ght from entodranagtephicttade tiec tadgusipd oal ths yrsit gm B anteeiront Hea swa efrr ont
aberration of projection optical systemPL is neasured. Photodetection
optical systerni$4 rieagvarmary: cfesnltolectdwal f@ns Barrat ¥alayt irens 84b,
and a deflecting 20 mrror 84c, which are sequentially arranged from under
cover gl asd 8@atisirds FAsitIREL 9ared dovirmaral & redtitoh, 9othdP e A Y i mat or
|l ens 84d and a mcrolens array 84e, which are sequentially arranged on the
+Y side of dEf9LtENg mirror 84c. Deflecting mirror 84c is provided 25

having an inclinati f_ 45, and by deflecti mrror .84c, the optical
path of the |ight eqml}‘er'hr‘?g atbr‘?eveokﬁ“é)cq J\Véer}te’ngcq‘%ﬁaster R i n a downwar d

;’ﬁ;t iggal dir ecdleisocnriibsed dwq'felreeCtoend sti(?nv@fadcitg1rie, C@Aéié@é Otl.’y;gee So].84d' Each of

information including information on the subject pattern,

10 information on the targeted image forming characteristic,
information on the projection optical system, and
information on the aberration that is to be given 1is
input to main controller 50 via input unit 45 such as a
keyboard, and based on such information, main controller

15 50 makes a Zernike variation table of the targeted image
forming characteristic that corresponds to the aberration
information given when main controller 50 exposed the
subject pattern. However, the present invention is not
limited to this. That is, the third program may be

20 installed into a different computer for simulation other
than main controller 50, and various assumptions may be
made on information such as the object pattern and
information on the projection optical system. And based
on each assumption, input operation may be repeatedly

25 performed to make the Zernike variation table of various
types corresponding to the input information in advance,
while sequentially changing the condition setting, as

well as the information on the targeted aberration, the



28 SEP 2005 optical nenbers that nmake up photodetection optical system 84
is fixed to the wall of housing 82 on the inner side, via holding nenbers
(not shown), respectively. Mcrolens array 84e has a plurality of small
convex 5 lenses (lens elenents) that are arranged in an array g&HﬁﬁbﬂBﬁ a
pl ane perpendi cular to the optical path. 9Phot odet ect i on portion 86 is made
up of parts |like a photodetection elenent such as a two-di nensi onal CCD,

and an electric circuit such as a charge transporg 10 controlligg circuit.
The phot odet ednifommattémanenhaseaRr0ArER 1PEr GRT&RBUgRYEESRec8NFe tAfI t he
beans that have entered objective Iens,84aé§gg are ou%goin nic%%hens

[

array 84e. ThéNfEA8GCeRBnPNIADE 8PSBRELIAE: EEEToASpEPt PEN98ES1¢ 8ilfput to
main controller 50 via a signal, |ine (not 5.shown) , i ng
met hod of mavéFPShFh§ﬁ§rWéFgéﬁloﬁsFﬁBlﬁ§v€f%8ﬁﬁggﬁgrpg ié% W%ggﬂgﬁﬁggﬁnit
80 will be described. In the fol | aw I.pti.Qn, r st:he.s of
simplicity, t F@Yalb&r SEOL6S of 5%8t§%%% gf?é%kgpkﬁgglt%% §§2$§n?§§ in
wavefront aberratio nea%urgng unit 80 is to be small enough so that it
can be ign re®EEISEGI AN on nor mal exposure, because wavefront

aberration neasurin%h%%iEh%odg%a%%E%C%%@efE%”b% thkt zethage S8rikkeon

operator perforns the operation of 25 attachi ng wavefront aberration

measuring unit. 80 4 o4 hey r 8lde sppdace ofr Dodd | bst@ges SBavbetnwadetnaet
measurenent is performed. On such attachnent operation, wavefront
aberration measyidyrdmi thBR iirk fiieoteddld el G h28 SR tA0Program” 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,
2%  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



predeterm ned reference surface (in this case, the surface on the +Y side)
via bolt or a nagnet, so that wavefront aberration nmeasuring unit 80 is
within the novenent strokes of wafer stage WST (Z tilt stage 58) 5 during
wavefront neasurenent. After the above attachnent has been conpj gt ofs
response to the conmand i nput by the operakor to start the neasurenent,
mai n 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
al i gnnment sysggmweferred to earlier based on the off- axis nethod. Then,
main controller 50 detects alignnment marks (not shown) provided on
wavefront aberrati obn tkasabong amnbbdBflentt hthkecabeghaenbesyst em and
based on 15 the detection results and the neasurenent val ues of |aser

i nt erf eronet ede54W htdt Waerpoanwavedlronitagbsrirhé iposi windeh dGordi nat es of
the alignment marks and obtains the accurate position of wavefront
aberration neaverahy ebherrag8donThés, mgpserecdhaspsdict ileadst for@iRgvef r ont
aberration 20 neasuring unit 80 is measured, the wavefront aberratjon is
measured iT t BBaFOFkEREAGIRENAREN EhRi PKOFEICH IO OPSLCE! SYE tsMayPRG tHE mai n
role. First of all, main controller 50 IoagF a nﬁgsuEenent reticl.e.(not
shown) on whi EATBERNBFE USEIERINEMOPE o PE £OFMERVE Feiﬁ&ﬁf@r(ﬁéfg?&& to as

pr cVi ousl y doSBF-52d) SHATHIKST SePCrg L BMIBC)( #6C S Ong ffcl o stage

previ ously de own eticle stage

T TS easur e7eh 9128 SET 008 Lehiccha s, Bldidang W @hdecor

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 6f the projection optical system

using, for example, the exposing method or aerial image



sources that generate spherical waves) fornmed on its pattern surface at a
plurality of points in an area identical to illumnation area AR and is
used only for 5 neasurenent. In the pinhole reticle used in this

ase, for
exanple, a diffusion plate is provided on _its upper surface sc?s(%g? me
wavefront of the beans passing through aPP the nuneri cal apertures of
projection optical 10 system PL can be obtained, that is, the wavefront
aberration covering all the numerical apertures of projection thical
system PL ar emreasueadntAfeshothe apinABPEtENac tEe) SeRSHIET g Vi 1UeS
controller 50 detects reticle alignment marks forned on 15 the pinhole
reticle usingtphéhﬁemﬁémeC@Pﬁgﬁ#&ﬁﬁrnﬁ@ﬁo§@6§§td€§@Pﬁ%gﬁn are""~ and based
on the detection results, aligns the pinhole reticle %_%ypredeternined
position. Wt khehispespdist 0Bt 1Cehe SLERREL SRk K8 6§ﬁﬁ ¢ Seticle is
substantially made to coincide with the 20 optical. IS Arojection
optical syste®aCulpiden daikewdsst Fo8 &PN6 &“\? S l@gen tr’oﬁ'lfsllﬁ]fggranati on TS

to light source 16 so as tq .,nake it start emtt] aser beam Wth
this opera?i oFeiaUiaR FEIedH AN t%ﬁ?“féﬂﬁ#ﬁ#ﬁ %E%éﬂﬁ%? optical system 12

is irradiated on the 25 pi.nhol.e _reti i eare Stk dg,0m t he
ﬁﬁﬂﬁﬁé&?ﬁﬁ] #¥%15%ﬁ$ Hod Gechbeditd BH

plurality of nhole reticle are condensed on the imge

Plane via pro%%&gg@b‘%%;#%? a BNEHEBRL artiithd her itrRgepafifihe qpinhmd s are
ormed on 98 200 e 1 mage plane. Next, main controller 50 noves
waf er stage VBT Micht Wef &9h Stcags: i \exaidd ioh 56 soo theatp tdpr ubstrant i al
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



center of opening 82a of wavefront aberration neasuring 5 unit 80 coincides
with an inmage form ng point where an inage of a pinhole on the pinhole
reticle (hereinafter referred to as focused pinhole') is forned, while
nonitoring the nmeasurenent val ues of wafer |aser interferonetf éﬁyﬁmgn
such operation, based on the 10 detectiongnesults of the focal 30|nt
position detection system previously described, main controller 50 finely
noves wafer stage WST in the Z-axis direction via wafer stage drive

portion 56 sopbbhatibhgluppeatsuhknep oh noueingglBass aB8 af

wavefront -aberration nmeasuring unit 80 15 coincides with the inmage plane on
whi ch the pi nphbeodetagesoar potoipad8eVWhehivaf éis sitiagesAET oins thei g finely
noved, the angle of inclination is also adjusted if necessary. In this
manner, the ishdengnbeamtbfint heusfiogu§@d pi nhol e enters phot odet ecti on
optical system 84 20 via the opening in the center of cover glass 88, and
is photodetected bjonaénghdfodet Bateoh remeaeREsLREK W SEp CroBe
phot odet ection portion 86. Mre particularly, fromthe focused pinhaole on
the pinhdl e pectéPe, 1B §pRe¥PcBiLangyési Shgosel dtedhfnileh 25 becdiddng
paral |l el beans via projection optical system PL and objective |ens 84a,

rel ay | ens 84B, SRRFEoFCEAED LRETedN| PREL 6 HéSs SORFHaf Gre ™ up T ie

phot odet ection optical syst 84 _and _irradiate mcrolens arra e, Wth
99 2 8 SEP 20689 RPET4REr &bl gﬁ],e #ﬁe GFt LS radd SP eﬁrl&ge%tzlao%h%%t e

TR R L LT T T R T
are Condensedthe 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 is

deflected toward the collimator lens 84d. Each of the



5 on the photodetection surface of the photodetection elenent, and the

i mges of the pinholes are respectively fornmed on the photodetection
surface. In this case, when projection optical systemPL is an ideal
optical systemthat does not have any wavefront 10 aberratiog, gﬂ92m5
wavefront in the pupil plane of projectiofSoptical system PL gcones an

i deal shape (in this case, a planar surface), and as a consequence, the
paral |l el beans incident on mcrolens array 84e is supposed to be a pl ane
wave that hascpeitdeahemdeetr enht hhkknuphpsotadereasios shownaln Fig. 11A
a spot image (hereinafter also referred to as a "spot') is forned at a
position on thgseophi 84l iaxifsxetl eachhkewslél effehpushay 8Amke bpenisnekens
array 84e. However, in projection optical system PL, because 20 there
normal |y i s wavder ontiaabeddanigonembreswdnetr shows) . tREPPEEAVERY - beans
incident on mcrolens array 84e shifts fromthe ideal wavefront, and

cor r espondi ngMierohenshipkray 84&t hirg, at RdUrAditifaPfofM8t 1t RENKA¥ef ront with
respect to the ideal wavefront, the inmage formn 83Ltion of each 25 spot
shifts from t BENSESi tiL6RSoR ERETGFY i CAPLaRTS BFrégSE FBn8TePERBHKt of

m crolens array 84e, as i s shown in Flg. llg. IR thi%.ca e a%ge posi ti onal
devi ation of GAERSsPHBt @ PLARSI PETPEFEFERCE T 5PN Et REEHSSTt PER on t he
optical 100 28 SEP 200 xi.s of. each | enen or.L.espo o4t
inclination of the%%838%F5ﬁF%l?ﬂeﬁ?rF§§%I?éhggihépgegp %g Eggﬁgcé% gnsing

point on the.p %%%9&&%%2EQQQEE%%%%Bt”%%EﬂQa%pap@QBQQQRQQ%E%Ba15c@95tiOn 86

(beans of the spot 1nma
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. In 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



photoel ectrically converted at the photodetection elenents, and the
phot oel ectric conversion signals are sent to nain controller 50 via the
electric circuit. Based on the photodetection conversion signals, main 10
controller 50 calculates the inmage form ng position of each spety sgndgggs
furthernore, calculates the positional de&iation (A, O)) using the
calculation results and the positional data of the known reference points
and stores it in the RAM On such operation, the neasurenent val ues 15 of

| aser interf espomsesrbdVéat réhatepoensufKaceYiinatbisbekng,sehe to main
controller 50. When neasurenent of positional deviation of the spot inmages
by wavefront sbefaze¢ion veastYisgdehi vi80balt theai mageeter APNGNPSEI nt of

t he focused pinhole image is 20 conpleted, main controller 50 noves wafer
stage WBT so wihafrohe asbbsrahidal meeavsinef ubpenfAgis2uishiRaléer ont
aberration neasuring unit 80 coincides with the inmage, form ng point of the
next pi nhol e heragmenMhahrekes OﬁDVéﬁﬁﬁt5F§g60W§FeﬁédFlﬁ§iﬁtéagtﬁgpler 50
makes |ight 25 source 16 _generate the | aser beamas is described above,

and sinil drlyderieal weesffaati KageuFeMAihg position of each spot.
Hereinafter, a sim|lar neasurenent i sequentj all erforned.at, the inmage
forming point of 10At9%8FS ZﬁﬁgvﬁtﬂEFaﬁﬁﬂﬁBPehPﬁa Sgp Q%ESF dfhé% °
necessary measurenent has, been | € i i rol | er
50, data on t585988§?t|8n5€ed89W§§g§n§%§gF Epd}hgfgégkakggﬁhgl%Qgggge at

the 5 image forning.poiohoREevhys! Xodesenihedsandothe wegerdistale datra of
each image form ng poil nt ?t%é nmeasur enment val ues of |aser interferoneter
SAW (Xi, Y1) yia 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 Ry previously described) with a reticle loader

(not shown) on reticle stage RST. This measurement



when perform ng neasurenent the imge form ng point of each pinhole inage)
are stored. 10 Then, main controller 50 cal cul ates the wavefront data (the
coefficients of each termof the Zernike polynomal), based on the
positional deviation (A4, Al) of the inmage form ng points o@- he p@%gole
i mges stored in the RAMthat corresponds7to the inclination®o “fﬁe
wavefront on the pupil surface of projection optical systemPL, using a

di fferent conversion programsimlar to the first program which was
previously deggtibed. hiBepinrases fwhighabeogmesidebarpbontheightst

programi is because, when wavefront aberration nmeasuring unit 80 20

descri bed earkbgkcks used, ganprageasptetientntvafesin fhemefli ost ipsogramis
normal |y prepared that converts the positional deviation anobunt of the

i mage fornm ngppotatnokurfheespot ai phgeslihat odr polehsuiBdannéseeoefficients
of each termof the Zerni ke polynomal. 25 As is obvious fromthe
description sodearicafenot hdlumanetiont agear LARy oANAsifeH8aReANL¥i AGT
wavefront aberration neasuring unit 80, wafer devel opment or the |Iike
will not He rwgapusémenkerefore, reduction of the 28 SEP 2005 102

measurenent tinme can be expected. |In_addition, beCﬁgse maferfdevelopnent
or the like will nofnb&heegdnhede tRELE1S 8S5Hsdah advERTEge8F exposure

apparatus 10 being_.able t erforma so-called,self-nmeasurepent in a state
where 5 mavefFéﬁ@géﬁer?aFF%ﬁ%ﬁégguP#ﬁéeuﬁFtp§8VF§egt95cﬁe5 nge%afer st age

above onbodi ENELoRE o CORtT G el 00 2o e alcl St £ and BLSSIy the
targeted 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



aberration (inmage form ng characteristics), and 10 furthernore,
automatically performadjustnent of the image formng characteristic of
proj ection optical systemPL. In the above enbodi nent, the case has been
descri bed where the first program which converts the 15 positional

devi ati on anobunt neasured using neasurenef8 reticle RT into cde&fFtPceimt s
of each termof the Zerni ke polynomal, the second program which conputes
the adjustnment anount of the image form ng characteristics based on the
coefficients @ﬁee@ﬁggéeﬁmaﬁé,the Zerni ke 20 polynom al that were converted
inthe first program the third program which converts the coefficients
of each term of theexejnmkénpobytoailakrcéfverted wafehlestiagst WSAr odram
into various aberrations (including index of such aberrations), and the

dat abase t hat wgfes witbet Heisecpndti®B poograthadr Ehel supstlkagdadlin a
single CD-ROM Such a packaging, however, is not a mandatory. That is, the
first progranpenh@rseéoﬁéepﬁﬁgrgﬁﬁ(Qﬁdwﬁﬁ§fé§P§b&§§YFaéﬁ@n 18 S
program are progranms that have different 103 28 SEP 2005 purposes, which
means t hat5 t hepisl BOhgeénsdpesciéit ant MOy FaFTad s rﬁ’&éﬁ’é:nd'gﬁrley.a“
Especially with the third, program part, of it ha kes t.he Zerni ke
vari ation tabP@aGEOPfeépBﬁgFﬁgetBH %h§t86§%f6f Fﬁ&&&éﬁnﬁfff%ﬁﬁ? ¢'used as

a single progr%g]eggé]dieggu%téi?gp\é%rsieﬁ?g)lit %ﬁse’?f fiisnff%rrgk%tdi or‘}qhii cél udi ng

i nformation of tion’of "the targeted i mage

formng charagteristic, LREORLLON QA he ) arokection oplical system and
. grven~10 aberration froman input unit such as a keyboard
Into a 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 is 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



conputer that has such a programinstalled, the Zernike variation table of
the targeted inage formng characteristic is made. Accordingly, the

dat abase consisting of the Zerni ke variation table made in the 15 nanner
above can be suitably used in other exposure apparatus as is reg'pqﬁky
descri bed. For exanple, when the wavefron®Saberration neasuriﬁ& u%it
referred to earlier is used, a program different fromthe first programis
nornal |y prepared 20 that converts the positional deviation anpunt of the

i mage form ngtpeknbpefathenspehei pagesd thatfaareofepsoriedtiont optaekii ci ents
of each term of the Zerni ke polynom al, and even when the second program
and its dat abagetean@dl tlserehieyddptogmamralensoativayd8diet hasdchhgn
conversion 25 program it is obvious that the second programand its

dat abase, anddiinédehli thepedbyranisantBenfibyemdfl) saBH ei®Renrt capability. In
addition, especially with the second programand 104 2 8 SEP 2005 the third
program theymd6radenge@ssayr B¢ hihe 6SpectdgrbPrédsnécsusertresed

pur poses differ greatly. The purpose of the forner i

h f f t ke th
oper ati on ®f f P& RE PROLOLessFilon SECHRiICE &F GEetHQBEPQgtggFS8Pnan repair

5 and adj ustnent on the e sur, the i f i .
characteristi & e@?“ﬁheaﬁﬁé?&@#ﬁ%ﬁa8%$%§;ﬁ§§y§§ékgﬁ%§e8r%gggggggfﬁgfég,

wher eas, the E%é 0se oft%%e gatter ié%fb %%&%%E@[a simulation to confirm

whet her the t FEG &g PEPTOSS (T 8% SASEE of the projection 10

optical systemis suyffigj;gnt QROUgh When iR aRer 3Rk cal stBeehi ke 9k the
exposure apparatus I1n a sem conduct or
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
parallél beams incident on microlens array 84e is
supposed to be a plane wave that has an ideal wavefront.
15 In 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 B84e.
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 fhe 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



manuf acturing site exposes a subject pattern. Wien taking into

consi deration such differences in their purposes, in the case the second
program and its database and the 15 third programare in the same software
package as in the above enbodi nent, for exanple, two types of PRSFRONS is
settable. In such a case, the second and tRPrd program may be supplied as
a different information storage nedium such as a firmvare, and only the
database may be recorded 20 in a storage medi um such as the CD-ROM |n

addi tion, in tehe st e asthodinfeRl e e o B RN Ot et H Halt? $ 6 ng
characteristic of projection optical systemPL, the first to third program
mas.|nstalIed‘%ﬁn%ﬁ%w%ﬁﬁ?ﬁﬁﬁﬁtﬂz fromthe CD-ROM and the 25 database was
copied to storage unit 42. The present cinvention i

ts?o£ gigz, uﬁin? 2(2) :c;)g?:hteﬁ“s' dhs ]tlrﬂ;‘tt;]ijvrécti eg’tt i c?dpqrg?ﬁm(éeéﬁé%srjlerlsq ang?tJa[%t!T ren.olt gﬁ
e . the

to be copied P i ﬁéo%%%—ta%élcﬁ ?ﬂ?@g%gzﬁégﬁﬁi d‘%ﬁ%%{%g%g%%?d??xg

uni t struc%gre%)s%#ﬁ‘eoﬂ éeag%%ggatof_g%t - 2baY S &podi nent, the case has

been descr ere se is made up of” paraneters 5 correspondi ng

to the unit drgrﬁteé‘é%%m rﬁ%% able,d ensgsat 13e tpndudredifoetions of

each degree of er, the present inventionis not limted to

this, ‘and in &g%ﬁén@é’c%ﬁ& W10 1154 1 e Of r 1 BechBRST B NGl gia L T @EECE i ON

optical system can be_easily exchanged, 10 paraneters that show the
change of the isgmgecd i NGkohBd B £r56IVES €los rebporiageci octhe. t hi ckness

of the Ilens nmay be included. In such a case, the optimal |ens

Based on the photodetection conversion signals, main

10 controller 50 calculates the image forming position of
each spot, and furthermore, calculates the positional
deviation (A£, An) using the calculation results and the
positional data of the known reference points and stores
it in the RAM. On such operation, the measurement values

15 of laser interferometer 54W at that point (Xi, Yi) are
being sent to main controller 50.

When measurement of positional deviation of the
spot images by wavefront aberration measuring unit 80 at
the image forming point of the focused pinhole image is

20 completed, main controller 50 moves wafer stage WST so
that the substantial center of opening 82a of wavefront
aberration measuring unit 80 coincides with the image
forming point of the next pinhole image. When this
movement is completed, main controller 50 makes light

25 source 16 generate the laser beam as 1is described above,
and similarly calculates the image forming position of

each spot. Hereinafter, a similar measurement is

sequentially performed at the image forming point of



thickness is to be calculated as the target adjustnent anount. Besides
such paraneters, the database may include 15 paraneters that show t he
change of the imge formng characteristics corresponding to the reticle
rotation. In this case, for exanple, when reticle Rrotates as is shown
in Fig. 2F, such rotation may be in a + (positive) direction2g®BEPtZ unit
rotati on amount may be 0.1 20 degrees. In this case, according to the
calculated reticle rotation, for exanple, only at |east one of reticle
stage RST andotaker pdhage eWehalyas .t o be rotated. And, other than such
paranmeters, details whose change affects the imge form ng characteristics
of the 25 projectioihept addl theshemeasd riys nelasa ratjenst dblsebean al so  be

i ncluded in the database, such as center wavel ength of the illum nation

i ght, or thecpogileited,ofint tder &AlMclod owrint lentided lier e ofpttiacain dhies
direction. 106 28SEP2005 In addition, in the above enbodi nent, the case has
been descri be®owiéienadi devdattion dAls0Aa0t ofneirchl Pynhadeusmegeheti rhge
form ng characteristics of the projection optical systemPL via inmage
formi ng 5 Thartd@Lsr fSEMdS I HOHES PG Vel IS 4dPshased dhethe target

he. Second or GPAATGR"neatar bt &4 PabERaA (% Hhigu LS TRorfstieed. accor di ng
thi s, and t he FRRGE ST 18 Leiedr 26t SRR B FGIRRtgn > bt il Taystem P
, _ g ng ~char act sti ¢ of projection” optical stem PL
TR D, ) U SR PR Tt B8 OTALOD AR B 2
only in 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 (Af, 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’ is
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 is 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



t he adjustnent stage, but also in the manufacturing stage, 15 which allows
production of a projection optical system whose imge formng
characteristics are adjusted. In the above enbodinent, the case HgsepPeiNs
descri bed where reference patterns are praqvjded on neasurenent reticle RT
al ong wi th neasurenent patterns, 20 howevglr2 the reference patterns do not
have to be provided on the neasurenent reticle nasks (nmeasurenent reticle
RT in the case of the above, enbodi nent) for aeasurln opti cal gropertles

e

Tﬂat is, ;he rBF 27 _REBEN hat {BF NS e bB*BRGYFHed th 20U TP ent=rAYRS or
t 25 ded k d
prgvi deaeoﬁrfﬂéae mﬁ%%?:iom%?ﬁc’svrs?a% PYkEoRs®? hofe 5ere%éa%spy“‘ch§re
1 1
e 05% 20  cobs hbeb gD, AlBantRbE 8508, BBLLEL 8BRS LAL TRY, bR AGVARge | 0 2
used, and by ??a‘ééPgoﬁnr Séélcgi‘%é{i séf%%sggﬁéeveﬁ'& int Eaﬁﬁg%rrm%rtehe

measur ement pa As~ on t e resrst Tayer opi ng the patterns, and

then by measurjngekhsno QB%&EAQB@% ﬂ@xgazaﬂg hgt vesn Egeaﬁ%ﬁbﬁEd'%%ge of
the neasurenent pattern that can be obtainéd after developnment and the

reference markgarédbstagtigbty tiheen s rﬁﬂﬁ‘dﬁta aSrddeidesabo¥8ing
enbodi nent can be perfornmed. 10 In ‘addi tion, in the above enbodi nent,

after the measur@rrpabc@@ht@r§1xaﬂﬂatheoreﬁerabeeepambealmbas beadn
transferred onto wafer W the wavefront aberration of projection optical
system PL was cahtnbhled basednovalbelatreasndedenplagsthestatgehedresi st
i mage that was obtained
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



15 by devel oping the wafer. The present invention, however, is not limted
to this, and the projection inage (aerial inage) or the neasurenent
pattern can be projected on the wafer and the projected inmage (aerial

i mage) may be neasured using an aerial image nmeasuring unit, or the 20

| at ent i mages of the measurenment patternsl@hd the reference @t SEP 805
formed on the resist |layer or images that are obtained by wafer etching
may be neasured. In such cases, as long as the positional deviation of the
measur enent ppttposssfremithemeahsr ehee posiyt kA hswehsagf26iehe desi gned
projection position of the neasurenent pattern) are neasured, the
wavefront abentafiom whltike ipdepectieomlypti cal system can be nmeasured in
the procedure simlar to the above enbodi mrent based on the 28 SEP 2005 108
measur ement resul t sEspesbdalimsvéal ohet thastleprieagamhea measupénmefit pattern

onto the wafer, a reference wafer on which the reference pattern is

al r eady forneﬁhﬁﬁymﬁéeSpﬁ@ﬁa?één#ﬁeaﬁﬁéﬁ@é10§n&apﬁé (EPELeseeNFANgefR may
be 5 transferred ontq_its resis yer d t he positional . deviation
measured, o &ReRar t4k tﬁg@egheégag Fgnu “Friaf s %4 i PGy <Ot
apertures cor&espondln suremne sed to neasure

t he positionaPYd&PPEE® gﬁgbgPﬁéSHs gpgﬁe?&uﬁgs 3t§ %8% ger nce
pattern FUllRRERRIE: iR oneaaE%%ge%%bggeeeqa ﬂHF%ﬂ%%%ﬂa oRal chgvi ation
e

previously de was “neaslre erlay neasuring un

however, Otheég BQE%E TRY Qefg§ﬁ9ngs%%gr%%t ease&enph%foe%ael'gn%%nehe

sensor prOV|d the ex osure appar at us addi'tion, in the above
enmbodi ment, tBQOJectlon optical system, and 1nformatlon 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



coefficients of the terns of the Zerni ke polynom al were used up to the
37th term however, the 38th termand higher terns nay be used, such as
using the ternms up to the 81St termso that the high order conponent of
each aberration 20 of projection optical system PL may be calcuéﬁgﬁﬂj &ggt
is, the nunber of ternms or the nunbers usexdin the Zernike pol af y
be any nunber. Furthernore, because the aberration of projection optical
system PL may be positively generated depending on the illumnation 25
condi tions or thhethiike, progithe, abaeg esbadinmeetestheilgphiaval tel eeent s of
projection optical systemPL nmay be adjusted so that the targeted
aberration becenkinad peredeter thréd ypalveseisndaddietri gmetd lyhe Thegeted 109
28 SEP 2005 aberration being either zero or a mniml quantity at al

ti mes. Furt hepompesei pft hbealioraeentisditienmakea tber vpeeattiechrifdilignent
perfornmed the installation of the prograns 5 previously described. However,
for exanple, tfhe pregranse raghbécinst altl sdei Aikesperdoradngedeed itthr ough
the Internet or the like to a host conputer that totally controls

manuf act ur$ ng a8quipgiestnenth oas tERpEFRPS UrEp PRPATES USr tAendA@P&ct uri ng | i ne

including a large 10 nunber of manufacturing equi pnent, or .the prograns may
be  installcd IORTERE ERACSGLETATHALE GF. T PROSSEASEN ORE :Cagerdtoe my

t th tt i_nf I. d
bt ai n the’ pafEah 4 RPoPHICESR by "PRRIAY 5 BaP (EBRE of Ta o Wtretsi onal
15 code of a el el g.on M h LR 1BALLEr A 8 R LEANRLEHEST cngt 0 a wafer

is formed, so“that thée exposuiré appara
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 in 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



the server can automatically performthe nmaking of the Zernike variation
tabl e described earlier, deciding the optinmm exposure condition
(conditions such as 20 illum nation condition and the nuneri cal APSES 2008S
of projection optical systemPL), and adjusting the imge forfling
characteristic of projection optical syst£%5PL, wi t hout any interveni ng by
the operator or the service technician. On such autonmation, when, for
exanmpl e, the 25 measurenent reticle described earlier is used when
neasuri ng t hehasigetookt gloeiest iteon stoads iugrrferfi systehh18f Cafer ekPBsure
apparatus may detect the positional deviation of the |atent inmages of the

measur enent pSPrBPN £€6 N8 t8Ep UGS Morifed I G YES {9 SFarage ¥Nddfer
hbove. enbodi mont, {8 SB8r 2P6H 0 TORG LR 1 (5N GANpe ARG Rher 1 at | o
oystem (such desarided vhegkudte MRkanadd dimias o oF BRelidge | o°
ot 80, 19t fetasarereRare St S0 e, SN BN JRaR T2
present | nvenilon.Bagsbegn PP %ggoﬁg o SLERPELyrDOVEY Cf reddign Pr esent

i nvention is not to t and the present I nvention can al so be

suitably apphigdid 23RNSR ity B RHROUH & AR alivs ddked hdisgne
di scl osed in, fbr exanple, United States Patent No. 15 5,473,410 that

transfers a pahienm ofase ISk wherS W@t & MWiHee 1A itakicds up movi ng
the mask and the substrate.
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. In
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 iliumination light, or the position of the reticle or

the like in the optical axis direction.



The use of the exposure apparatus is not linmted only to the exposure
apparatus for manufacturing 20 sem conductor devices, but the present
invention can also be widely applied to an exposure apparatus for

transferring a liquid crystal display device pattern onto a n ar
gl ass plate and an exposure apparatus foriggproducing thin-fi Iﬁ%gn@tﬁl C

heads, m cromachines, DNA 25 chips, and the like. Furthernore, the present
invention can be applied not only to an exposure apparatus for producing

m crodevi ces such agpsSgalcONGNCt Of €RYi g8Sve béhbogame gt Sothe apptikdsto an
exposure apparatus that 111 28 SEP 2005 transfers a circuit pattern onto a

gl ass pl ate opeshl HE9ArivBEENNE Be PRONCEcAt PBEkeOr 50ebutbratisedlin a |ight
exposur e apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, anag@lestsothbeamagsposunenapphaatoseristand ohetheke. In
addition, the light source of the exposure apparatus in the above
enbodi nent i sppotiebthbhedptdcah subtemvPbl eiapuinggel EghmiBeurce such as an
F2 laser, an ArF exciner laser, or a KrF exciner laser, and an ultra-high
10 pressur®e meheusytkaipténst cPngeahieni sensroling 4Behbasedgoni hBe(a
wavel ength of 436nm or i-line (a wavel ength of 365nn) can al so be used.
Edcey EhEPEP

I n addition, éaﬁaﬁﬁnﬁﬁ&Uﬁévénﬁaémﬁénﬁs@é R&t SP§cibhfaPh Png a

si ngl e-wavel ength | aser beamin 15 the inf d isib i d
by 3 DFB som COMBUEES: “FASAIIBE FPOERSI SEEPPaWPEROA2Fi Ber L ampHrBF6F doped

with, for exa r.bi um

converting thé legéﬁéﬁatﬁméﬁﬁggoggmgh E ”Ee%%%dX%&e%EbEH€7th%98 by
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 Ry 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



ultraviolet Iight using a nonlinear optical crystal. Al so, 20 the

magni fication of the projection optical systemis not limted to a
reducti on system and an equal nagnification or a magnifying system may be
used. Furthernore, the projection optical systemis not |imtefdstp #05
refraction system and a catadioptric syldt’'emthat has reflection 25
optical elenents and refraction optical elenents may be used as well as a
reflection systemthat uses only reflection optical elenments. Wen the

cat adi optri c systespondihbetpefthectdmrny eisitcemmagniseitcasi @r of@et Penugptli ca
112 28 SEP 2005 system PL, the inmage form ng characteristics of the

proj ecti on opandabysgsétimgre adplustednbyhehargengnchevwapésivti on or the

| i ke of the reflection optical elenments (such as a concave mrror _or a
reflection mitranpfenaing sepvdeasurenedie @t e bt i ¢al tlef ehBALSEpravrdusl y
descri bed. In addition, when the F2 | aser beam the Are |aser beam the
EWV |ight, oranfedpvréopsndseheaBatirrnsi nahfohPighy BE2SHENEctién
optical systemPL can _be a,total reflection systemthat has only

refl ectior® 10P65ﬂFéQPaél@ﬁﬁﬁ?§?n9b&€§¥F?“wﬁgﬁ %ﬁélﬁﬁelW§§§r°5e§bF the EW

light, or the like is used, reticle R also needs to be reflective type
reticle. |nci B8AEHFFFET eﬁFESﬁ&BCFEPtdgﬁpcgg 5%33%& g a&%&érgoing t he yP

okl oo "9 o BBk ToffikhEC aha FURCLEGULBRCLONIBARS doRIAAGTEPerR Mol L O @

maki ng ere reticle i's nmade based on t esigning stép, a wafer
making step waepe ﬂle‘é@h@%m{eﬁxt”@@e 1h @MeS iallo@N enRi@iedl, cant ensferring
e

step where the pattern o reticle is transferred onto the wafer by the
exposur e performed.

10 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

15 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

20 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

25 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



20 apparatus in the enbodi ment, a device assenbly step (including the

di ci ng process, bonding process, and packagi ng process), and an inspection
step. According to the device manufacturing nethod, because iﬁggggr i's
performed in a |lithographic process using the exposure 25 app t he
above enbodinent, the pattern of reticlel®is transferred onto wafer Wvi a
projection optical system PL whose inage form ng characteristics are

adj usted according to a subject pattern, or whose inage 2 8 SEP 2005 113
forning charastesisthestaresadiast sRilsw it himsgtagreti sTams LpREEHI ok e he
measurenent results of the wavefront aberration, and therefore_it is
possi bl e to t meashieemens pdstairhe@npat tBEnWakes waf EETRFRNCR WAGR o8 | ay
accuracy. 5 Accordingly, the yield of the devices as final rod%pts is

i mpr oved, mhi@hlﬁﬁkégeiFe68§§P5FePP6tFﬁﬁr&§eaﬂf§ad§rgﬁﬁEFFvBFy. FNDUSTRI AL
APPLI CABI LI TY 10 As is .descri bed above, .t he image form.n charagteristics
measuring net REGPEEechd NpREYERCE nGafk LB rF§e§%PF§bP5tF%rﬁe§%3r%%the
targeted i mage forrmn charact.eri sti ¢ qf roj.ecti i.¢al stem

Al so, the 5in§§én§gkﬁ&ﬁ& 8H§Pa&$§rfffﬁgg %%W%&tﬁﬁé %@%h%%gégapﬁ%i15 present
invention is suitabl.e to adjust, t i f,qrm. char.act,8hisSt of a
proj ection opf*%&@qé§§¥gﬁﬁsk%%g/ E%eagggggg%}elﬁ%@ﬁbgégg%fﬁggnggght

nvention s syitalg 0,10k PALENT AN Rrsiaglondiitg AlStnd he

exposure apparatus of prese invention is suitable to perform 20
exposure wi th the i Ree  YartRG G801 vsldd T Omdalshirepredjecct i on opti cal

system adj usted accurately. Al so, 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°¢
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



prograns and storage nedium of the present invention are suitable for use
in the above exposure apparatus. Furthernore, the device manufacturing

nmet hod of the 25 present invention is suitable to nmanufacture m crodevices.
114 WHAT IS CLAIMED I'S: 28 SEP 2005 1. An inmage form ng char %

measuring nethod in which at | east one iTtege form ng charac§e¢ EF @bs‘s of a
projection optical systemis neasured, said nethod conprising: a nmeasuring
process in which information related to wavefront aberration of said

proj ection opgheakasysheprify BRaBdredeab opeanmasunalenuapeiny at the
least in a field 10 of said projection optical system and a cal cul ating
process in wht¢heat | east one targeted imge formng characteristic is

cal cul ated, based on said information related to wavefront aberration and
a Zernike variati onfFtabhernbreai tnt hgeskdvéSenbhadémbotni rgsehaiget eristic
that is prepared in advance, as a linear sumof coefficients of each term
in a Zernike tpohymomaalpehépraeé tbei dpatbadedion 94 dhenbPsedEEINGN

related to wavefront aberration and said Zernike variation table. 20 2.
The i mage ¥ or pragienatdclesrsibed . nebvryes, FRT hedamREsr dFhg PEOCralf 1

wherein in said calculating process, when said tar formn
characteristi@aVnEPuaésFﬁégédf6Pn?n§er§§rcﬁ8P§€F§F sFﬁé?uggag Iurali?y of

: st i |
ypes. said iqage, Loraing, chargeterl sl of A pLUAliLY QhlyRgs 1 nel uded

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



in said targeted i mage form ng characteristic are each calcul ated, based
on sai d neasuring of wavefront aberration and a Zernike variation table
for each of said 30 inage form ng characteristics of a plurality of types.
3. The image form ng characteristics neasuring nethod accordi g SBP @6y M
1, said nmethod further 2 8 SE P 2005 115 tooprising: a nmaking process in
whi ch conditions are set in order to nake a Zerni ke variation table, based
on information on a pattern subject to projection by said 5 projection
opti cal systemcr@saird d afegatsad liaprge Jforamiwag e rC IFalcac ttérd Stitentand a

Zerni ke variation table of said targeted inmage form ng characteristic that
corresponds tdmagafsorafattihen nefleatesttd aatgirven aheaddttdoonj simatdee based
on information related to said projection optical system 10 and i nfornmation
rel ated to saiabagievembatsemreatti,orftheprdp@mratior s dheedsike fg ¥yecocess. 4. The
image form ng characteristics neasuring nethod according to Caim3
wherei n 15 saiwdgvaffrantatdar rad aredneas wai b pindtect  ohcopaifeal stegst 85T,
i ncludes nunerical aperture of said projection optical system
i |lumi nati®dn dOWEMSon, foah @ ARRdSendt FOTr 1499 wYSt&m disUGhgRs. 20aferThe
i mage form ng characteristics neasurin met hod. accordjng to Caim3
wherein in sai'®afed Ind HitoReEE O tfiFe ¥ rdqraW@efteéd%% SSHRNRG may
characteri sti incl%e i mge faqrm characteristics of a plurality of
Lypes, a Zer nitke 5% AT A Porcedh 61V T ARGE Ririfihg

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



characteristics of a plurality of types that correspond to said
information related to aberration is nade. 6. The inmage form ng
characteristics neasuring 30 nethod according to daim1l, further
conprising: a displaying process in which information rel at edgoé% §a10613
targeted image form ng characteristic thatlbas been cal cul at i g

di spl ayed. 116 28 SEP 2005 7. An image form ng characteristics adjusting
met hod in which at | east one inmage form ng characteristic of a projection

optical systersreoidrs g A rduiralgdit fn orogd iLall ed erEn e tdatsi nodewle a
specific optical element wused for adjustnent is adjusted, said nethod
conprising: aafeht damigpduaeessndgk wir cletaitc leastednin i aralgigitor m ng
characteristic of said projection optical system is obtained, by obtaining
i nformati on orexdpaghtreviappsaiatusl0 qov djBEte P Dpte calp et an cheray
measurenent point at the least in a field of said projection optical

system and &XPEEUHNFRRGEESES i RIWH G arkpae i ustsreanpa sapust  of
said specific optical elenent is decided by conputation using a relation
expr essi on® betAerFPaild X85 i mage forming characteristic that has been

obtai ned,  par anet efs,a RN &4, argR! & A Ustr Spsdif specific
I etﬁ%en adj

optical elenent, said paraneters denoting a relation ust nent of

sai d specific Qdealus et M Giienddt 1 TRGE TRy to an
characteristics of 20 said projection optical system 8. The inmage form ng

charact eri sti el tadjwistlidig pulRidad ocodling tudl aldnah sAaild et hag s her
conpri si ng:
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

obtained 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 1s used as projection optical



25 an obtai ning process in which said paraneters are obtained, prior to
sai d obtaining process in which said inmage formng characteristic is
obtained. 9. The inmage form ng characteristics adjusting 30 nethod
according to Caim7 wherein in said obtaining process in whiely sgpdggismage
form ng characteristic is obtained, imgezformng characteristics of a
plurality of types are obtained, and 2 8 SEP 2005 117 in said deciding
process, a target adjustment anount of said specific optical elenent is

decided by sorfuM atni oncrisSi Nthe el @t RN @Y Assd Onsdietaesn gad d i mage
form ng characteristics of a plurality of types 5 that have been obtai ned,

paramet er s, gl ectiiairgelpd cadj dsdtEnta vifusfe s ERegfie Rt i cal

el enent, said paraneters denoting a relation between adjustnent of said
speci fi c optdasilt isdreenttrandl iskec hahgehd ned fipges faar rpigi calhaslagteartist i cs of
said projection optical system 10 10. The inmage form ng characteristics
adj usting nEtywd sz coraimzpte nd mian o mbeeres Ml esatiicbr meiger or hiheg:
characteristic is a wavefront aberration expressed in a Zernike

pol ynomi al . SEXVElL asTHaq raRRC ¥ okar arf kil svhamdrsty areadjastlivng  net hod
according to Claim 10 wherein said relation expression is an equation that
i ncl udes a\ﬂﬁiﬂﬁ¥9&ﬂfuﬁ@t@@ﬁlﬁﬁ§Prp@Pﬁ@rﬁ@eméggh%$ﬁ§ eampothe cef fi ci ent

of any term.n coefficients of each termof said Zerni ke pol ynom al
y laser Gi)eam, the EUV laight, or the laike le used pas y

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



12. An exposure nethod in which a pattern is transferred onto an object
via a projection optical 25 system said exposure nethod conprising: an
adj usting process in which at |east one image form ng characteristic of
sai d projection optical system is adjusted using said i mage folri 6P 2005
characteristics adjusting nethod accordi@@3to any one of Clains 7 to 11;
30 and a transferring process in which said patternis transferred onto
sai d object using said projection optical systemwhose i mage form ng
characteri sti gdrinihlB 2@ rSlR e206% iadj uskeddjl3teAnwexpotiine pppaiatios t hat
transfers a pattern onto an object via a projection optical system said 5
exposur e appakatses! eonhes infegs ua emeaturieng lis bft the measdrestwavefront
aberration of said projection optical system said neasuring unit being
at | east part lapeatrtaddcivabl endo tére refpasurid dpp@ossid lemiion tixady ferclthe ng
said projection optical system and 10 a first conputing unit that

cal cul at es at dedastlesheatitargetcadd madef #r vilty dHahaoverilay @csasadYon
measur enent information nmeasured by said nmeasuring unit , and a Zernike

vari ati on PablPecsrdgid warde adelfagd ther feng ceRargc fédriedt PEOINSEE | i near
sum of coefficients 15 of each termin a Zernike polynom al that are

deci ded based SRR Sreadtiréie M K5 d'rtrré’ﬁs&ﬁbir‘?d%§ail@pf&"ﬁi RES variation

table. 14. The exposure .apparatus according to Caim 13, 20 further
conpri si ng: apsrtoéfuﬁewd?ﬁ}{)‘ that stores said Zernike variation

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. Also, 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.



tabl e in advance. 15. The exposure apparatus according to Caim13 25
wherein said Zerni ke variation table is a Zernike variation table of said
targeted inage form ng characteristic that corresponds to information on a
gi ven aberration on exposure of a subject pattern. 30 16. The %&&QU@
apparatus according to Caim 15, furtheﬁléonprising: an input unit used to
input information of various 2 0 SEP 2005 119 types including information
on said subj egHAMRIISr CLATIMED ESion on said targeted i mage forning
characteristic, information related to said projection optical system and
information on said given aberration; 5 and a second conputing unit that

formation on ' 5 and a secor |
nf or mati on_on Sai - Sub} ct> 8 RPN SR0- SAFHCT A HSLea. TReSaLFatming

characteri stigetipdtivi @hsehdat npghstinbhe 1flagadfbaseédgonhbpbotertisonc
related to said projection optical _systemand information related to said
given abérra®f on PHPIECHIANsAPHIFApUEYERPR, 18aM82SBESHY SébﬁpﬂFFﬁ@dunit
makes a Zerniggm%@{ggﬁ'pn table of said targeted image form ng
characteristic that corresponds to 15 information on said given aberration
on exposure of saida medjecinpaptrecassiin Fhacbxpofareadppar sebstadcdedi ng

to Claim116 wherein , . . . . .
wavefront aberration of said projection optical system is
measured at one measurement point at the least in a field

10 of said projection optical system; and
a calculating process in which at least one
targeted image forming characteristic is calculated,
based on said information related to wavefront
aberration and a Zernike variation table of said targeted
15 image forming characteristic that is prepared in advance,
as a linear sum of coefficients of each term in a Zernike
polynomial that are decided based on said information
related to wavefront aberration and said Zernike
variation table.
20
2. The image forming characteristics measuring
method according to Claim 1 wherein
in said calculating process, when said targeted
image forming characteristic include image forming
25 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
aberration and a Zernike variation table for each of said

30 image forming characteristics of a plurality of types.

3. The image forming characteristics measuring

method according to Claim 1, said method further




20 said information related to said projection optical systemincludes

nuneri cal aperture of said projection optical system illum nation
condition, and wavelength of illumnnation light. 25 18. The Z pﬂ:.ﬁs,u?@
apparatus according to Caim213, further conprising: a displ ? [ é\/ﬂi ch

di splays information on said targeted if@@§e form ng characteristic

cal cul ated by said first conputing unit on screen. 30 19. The exposure
appar at us ac%gngglr}&j'g L aim13, further conprising: an inmage formng
characteristics correcting unit 28 SEP 2005 120 that corrects at |east one
i mage formng char atmerkistd erofesaiih privi@ctdaorddpidnala sy sie based on
cal cul ation %gdsults of sal d arrg@bed |ma e. formkr)’uﬂec aracéerl stic by said

first conputi it° osut e aplp%r%aE%s atcordrng Yo Claim 19

wherei n said ﬂ{ﬁbﬁﬁ‘éﬂﬂfh Qm | £3pa SYSERMB IS St UES UsBSH e EOIPH | 15§ Nga Bd
plurality of optical elenents that include a 10 specific optical elenent
used for &dj @nmﬂtl%@g@@al neyEterandgsairrieeiadi Heagorfeening unit

has 2 storagemiidcidL i ol PAATEISLIALE MM cadhanse Lhay denotes

a relation between sal specific optica enent and a
change in i magerdddarimage charettercsd rastof isaid praf ecoroaspphdsato
system and a C ércnlezii?llczl)r?nre Eeé hat gaglgf\lfjelr?tggerarét?{gr?tls made, based
on information related to said projection optical system

10 and information related to said given aberration, prior

to said measuring process.

4. The image forming characteristics measuring
method according to Claim 3 wherein
15 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
characteristics of a plurality of types, a Zernike
25 variation table for each of said image forming
characteristics of a plurality of types that correspond

to said information related to aberration is made.

6. The image forming characteristics measuring
30 method according to Claim 1, further comprising:
a displaying process in which information related
to said targeted image forming characteristic that has

been calculated is displayed.



adj ust rent anount of said specific optical elenent using a relation
expression between information on said inage formng characteristic that
has been cal cul ated, said 20 paraneters, and a targeted adjustnent anount
of said specific optical element. 21. An exposure apparatuggtdmrt 2005ansfers
a pattern onto an object via a projectiahéoptical system said 25 exposure
apparatus conprising: said projection optical systemthat conprises a
plurality of optical elements including a specific optical elenment used
for adjustnent; a storage unit in which paraneters are stored in 30
advance that denot €k a Arelimadam frotmisen i usttanistofcs ssdustprd fic

opt | cal el ereote a0 & SANge LN UBge oo ARLACKETRL s of s el d

proj ection oﬁ?lca system a’ heasurtng uni neasur es
at | east one éfMegerdEdi igh et BEd Brd wd tt €m odordst s i@ £ 1 wha DPt § caf
system said nmeasuring unit being at |east partly attachable to an

exposur e ppaRREtE? href FemRiefs | R tudi gl 43k P pIRF @bt BrrP Bl opt i BPMeREt em
and a_comput i . kg . U, S 8 £5:8 L 68! ecl RS TR ATPUIInOf Sal d

specific optica enment” using a relation expression between an aé?ual
measur enent data measkrteityng ghrbarsss urn nghich tat skeabspareareireags and a
10 targeted adjustnent annqgg of said_specific optical elene

. 22. Th
exposur . appal ST BCUM TG T 67 ) i 210 10 (R THEY - LohpPbstagL SvStem

is obtained, by obtaining information on light via said

10 projection optical system at one measurement point at the
least in a field of said projection optical system; and

a deciding process in which a targeted adjustment

amount of said specific optical element is decided by
computation using a relation expression between said

15 image forming characteristic that has been obtained,
parameters, and a targeted adjustment amount of said
specific optical element, said parameters denoting a
relation between adjustment of said specific optical
element and a change in image forming characteristics of

20 sald projection optical system.

8. The image forming characteristics adjusting
method according to Claim 7, said method further
comprising:

25 an obtaining process in which said parameters are
obtained, prior to said obtaining process in which said

image forming characteristic is obtained.

9. The image forming characteristics adjusting
30 method according to Claim 7 wherein
in said obtaining process in which said image
forming characteristic is obtained, image forming

characteristics of a plurality of types are obtained, and



15 an inmege formng characteristics adjusting unit that adjusts at |east
one image formng characteristic of said projection optical system by
adjusting said specific optical element according to said cal @y gEpcus
targeted adjustnment amount. 20 23. The exposure apparatus according to
Claim21 wherein said neasuring unit carlrfeasure inmage form ng
characteristics of a plurality of types of said 25 projection optical
system and said copuding detidioed ptedessa 4 atgeged adgipssnernt anount of
said specific optical _elepent usijng a rel%mf expressign b t\é\e n an
actual nmeasurdieiftt daf Sabl PG FHAGRPFOTHT NG %‘H%&éci‘%rag??‘sg ogya
plurality of 30,0ypes;dpastisd byropd(l gRASKSLEGs DA besRbanPaaaneEl el s,
and a targete dj ustnent anount of said specific optical elenment. 28 SEP
2005 1f22 24. ﬂ'dnﬁgeexixmsmimga@parmmrhstbcdi af eopDhaghiRy ofhty¥eRA said
i mage form ng characteristic is a wavefront . aberrati,on expr din a
Zer ni ke pé!yh%m?%J?a%eZQQGWh%bﬁﬁb%%gfepﬁﬁig?g?ﬁi’a E%r%iﬁag g% aim 24
wherei n sai d 1@} @4 R8n EXPRESSE OPf | Sa 8l SEYBLEDD bpeicalneluseatn weighting
function that perfornms weighting on a coefficient of any termin )
coef ficients piramehererdenPting @ relakkenpbeyNeanafdlptaentACHeifie
F??ﬁ;gf;g;:29s885P99c'QﬁéfgéfgefeméhﬁhQQ&thbﬁa9580§ﬁSim§68f%me&Hgsa'd
characteristics of said projection optical system.

10
10. The image forming characteristics adjusting
method according to Claim 7 wherein said image forming
characteristic is a wavefront aberration expressed in a
Zernike polynomial.

15
| 11. The image forming characteristics adjusting
method according to Claim 10 wherein
said relation expression is an equation that
includes a weighting function that performs weighting on
20 a coefficient of any term in coefficients of each term of

salid Zernike polynomial.

12. An exposure method in which a pattern is
transferred onto an object via a projection optical
25 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 11;
30 and
a transferring process in which said pattern is
transferred onto said object using said projection

optical system whose image forming characteristic is



process exposure is performed using said exposure apparatus according to
any one of Clains 13 to 25. 15 27. A programthat nakes a control conputer
of an exposure apparatus that transfers a pattern onto an object via a
projection optical systemexecute a predeterm ned process, s?id am
maki ng said control 20 conputer executell@ condition setting 6rg§£g®5e in
which conditions are set for nmaking a Zernike variation table in response
to an input Qfgjudftidqrati on on a subject pattern and information on a
targeted inmage formng characteristic; 25 and a maeking procedure in which
a Zerni ke variation table of said targeted inmage form ng characteristic

corresponding to infornati | . arratd ﬁ;@gﬁyr j

subj ect pattern isqr%(s)idéri’?] ie%og&p%nsaﬁaﬁﬁfsgnﬂ%}pﬁ%ao in or%totzéafrrgl at ed
to said proj exiticon aropbeadt syist emmre e atf isriredptaincah swd toeny, Ve d
aberration. 28. The program according to Caim?27, said 28 SEP 2005 123
program f ar t IFEPIRRIGSH FRRA P bt TP ot 'er execute: a cal cul ating
procedure in Wi ch sl dAGRS Gff MY AfdE G SDAIAR B! [8b O r 50 ¢h
projection optical systemis calculated in response to an input of actual
5 neasur enentofiatad dbfpwajeftrioimt @bierealt | s tofm s adall priogasu i omg aptital
system based on sahg act ual SLN{gﬁﬂﬁﬁéig and said Zernike variation
Labl o 29, TIREPHbGHam SEtori g | ¢ GaIAoE Saidl TG dRTTrT et

maki ng sai d eitd WodbPMHBRId X PEHE Bl projection optical system; and

10 a first computing unit that calculates at least one
targeted image forming characteristic based on
measurement information measured by said measuring unit
and a Zernike variation table of said targeted image
forming characteristic, as a linear sum of coefficients

15 of each term in a Zernike polynomial that are decided
based on said measurement information and said Zernike

variation table.

14. The exposure apparatus according to Claim 13,
20 further comprising:
a storage unit that stores said Zernike variation

table in advance.

15. The exposure apparatus according to Claim 13
25 wherein
said Zernike variation table is a Zernike variation
table of said targeted image forming characteristic that
corresponds to information on a given aberration on
exposure of a subject pattern.
30
16. The exposure apparatus according to Claim 15,
further comprising:

an input unit used to input information of various



a di splaying procedure in which information on said
characteristic that has been

control conputer execute: an adjusting procedure in which saidzﬂr
optical systemis adjusted so that said faRgeted i mage formng
characteristic that has been cal cul ated becones 20 optinmal. 31. A program

according to {(Jaidn 31 G £ PHLOAS AM e { dH Lders IBKi figs padd Sont&Hh, conput er
execute: a maKi'ng procedure in which said Zerni ke variation

made in respadrsormtiputonfsaid flargrted nfrrgmt formirg ated to said
proj ection opt.ical syst m and, %g$ut of information on.éaiq%?ivef
2 .

aberrati on,

optical syst®iic¥l asyesd ) adndoipf Oedtd ¢én | dn Wi Ch $oveh t &b @et £6li oh mage
form ng characteristic of said projection optical
each différemd nformation related to said projection optical systemin

28 SEP 2000 Jef ddlie Qg agtualc fRasite Ondgtgfl%l%fir‘{"ave”om

response to
aberration
nmeasur ement
in which an
related to

charagter 1C n matlon refﬁ eqd t sal ection
by eac d]ﬁ er’eth 1 ormation rela edoto Sal%r Oj ectlon

of said projection optical system base ctual

25 table is

targeted i nmage formng

calcul ated is displayed on a display unit.

30. A program according to Claim 28, said program further making aiﬂ]5
$teMBon

15

systemis cal cul ated by

datdeanch e ik Zerie kel karvat 1anl drabt a1 @nch sedleen dsangd pr ocedur e
mum exposure 5.condjtion is decided by, finding informtion
fo b g t2d

O IR BT Pl St ST tha e dt359

form ng charagiffd stdmmid@tchdsabeer sad culmded voecomed ophpd®lunit,

10

15

20

25

30

and based on information related to said projection
optical system and information related to said given
aberration input via said input unit, said second
computing unit makes a Zernike variation table of said
targeted image forming characteristic that corresponds to
information on said given aberration on exposure of said

subject pattern.

17. The exposure apparatus according to Claim 16
wherein

said information related to said projection optical
system includes numerical aperture of said projection
optical system, illumination condition, and wavelength of

illumination light.

18. The exposure apparatus according to Claim 13,
further comprising:

a display unit which displays information on said
targeted image forming characteristic calculated by said

first computing unit on screen.

19. The exposure apparatus according to Claim 13,
further comprising:

an image forming characteristics correcting unit

i mge



10 32. The program according to Claim 31, said programfurther making said
control conputer execute: a setting procedure in which said optinum
exposure condition that has been decided is set. 15 33. A program t hat
makes a control conputer execute a process, said program nmakd gSEé’ams
control conputer execute: a procedure oft2fal culating a targeted inmage
formng characteristic of a projection optical systemin response 20 to

an input of ig{or i ied el Al efod O S {REQST B IBYEChARFAEPIristic
characteristic and an i nput of actual neasurenent data of wavefront

aberration ofokaalprojertdicompidal sygieen based on caldubatbean
measur enent data and Zercﬂl ke vatrégltl on ta CI)e of s%grég{geiggiér@ge

. resil .0L .Sa arge 1Mma . r I C
forming 25 characteriStict ard i prepared i h-advance,“as a TThear um of

coefficients &fi®afirdterddrputti dgrike, pol ynomal that are deci ded based
on said actual neasurenent data and said Zerni ke variation table. 30 34.
The progra@m according to Caim33, said programfurther making said

control conputer e ut ey j i fg%ﬁ%r i i L nkp ti®n on
said targeted i na)g%p'f o(rarrﬁéﬁl‘g&ci%g%% QC-%I)EBS)%I ct a%c%%%%%ﬂt%% 52{8}98%5% 2005
cal cul ated | ssltksgirayed on a display unit. 35. The program according to

Claim33, said programfurther, maki ,sg@d contro] conputer execute: 5 an
adj usti ng procedur \ﬁﬁ?ﬂ??ﬁﬁ?ﬁ[ﬁéﬁ&ﬁﬁ (ﬁys%ﬁﬁi%%Jsggg?%ﬁF?g adj usted so

that said targehesidimge d0irNo:Eher agterést i €1éhant Hashbeemerhgal at ed
becomes optimal. 10 36. program that makes a control conputer of an
10 specific optical element used for adjustment, and
said image forming characteristics correcting unit
has a storage unit in which parameters are stored in
advance that denotes a relation between adjustment of
said specific optical element and a change in image
15 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
forming characteristic that has been calculated, said

20 parameters, and a targeted adjustment amount of said

specific optical element.

21. An exposure apparatus that transfers a pattern
onto an object via a projection optical system, said
25 exposure apparatus comprising:
said projection optical system that comprises a
plurality of optical elements including a specific
optical element used for adjustment;
a storage unit in which parameters are stored in
30 advance that denotes a relation between adjustment of
said specific optical element and a change in image
forming characteristics of said projection optical

system,



exposure apparatus that transfers a pattern onto an object via a
projection optical systemexecute a predeterm ned process, said program
maki ng said control conputer execute: 15 a cal culating procedure in_which
a targeted adjustment amount of said projection optical sys@énS§R 2005
calculated in response to an input of acfi@dal neasurenent data of inmage
formng characteristics of said projection optical system using a

rel ation expression hetneen ipithi20 Afdtale IPas et It aopd 4
form ng characteristics that” has been input, paraneters, and a targeted

adj ust ment anberning ol ohpref betiobpid tdl pxybeehi o adplt 1 pak ases ke,

denoting a relaﬁﬁon bet ween ad}ngnent of faid §%£@f0ti0n g@téfg]tsystem

t st . tta . .
and a change TH Said image 25 Form ng° characteristics of “sai o proj ection

optical syst®rimexdosiie OO B0 AEDT 6l gd § 01 K2 Rl 139, s SEdl Jo r PF O B
further making said control conputer execute: 30 a displaying procedure in
whi ch i nf 8r @R okCdh TEFEPMt ARfet ed adj ust nent amount that has been

calculated is dis aé/&,gpa%@gpqlﬁpg i al&?l%l':é:‘s 2005, S$. The program

according to Claim 36 rogram further making sai ontrol conmputer
execut e: an afjjisttingntprac@duwr eof nsavd cspsai i prapectabrel apencahsmygtem i s
adj ust ed based qgksajd ta&?et 5, adj ust nent anount %Pat has been_cal cul at ed.
39. The progrant ST ordt ™ T 50 FB-Wieh ei'h 2SEIY paramet gPenhréate

p?r a”e': ers gqgéﬁédhge@ Eﬁ's”éi&ﬁné@éﬂ@ﬁﬁb agh sf netq %a@arﬁ@@@féj Cadpta cal
el enent use or
10 targeted adjustment amount of said specific optical

element.

22. The exposure apparatus according to Claim 21,
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

23, The exposure apparatus according to Claim 21
wherein

salid 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
of said image forming characteristics of a plurality of

30 types measured by said measuring unit, said parameters,
and a targeted adjustment amount of said specific optical

element.



10 adjustnent that structures said projection optical system and a change
in said image form ng characteristics, and said targeted adjustnent anount
is an anount of said specific optical elenent that needs to fg ﬂ:ﬁg ged.
15 40. The program according to C aim 36 wherein said inmage r 'ng@
characteristic is a wavefront aberrationl2é&xpressed in a Zernike

pol ynom al. 41. The program according to Caim40 wherein said 20 relation

expression is an equati ofhd halpdNeldldgpa-eigdagrdingtioncidat perforns
wei ghting on a coefficient of any termin coefficients of each term of

sai d Zerni ke o naioni sdid 28nape  fithvem I gt leavr acicor U thic t bs G avavySbrostai d
program furt h%] rnaakt-iinc% sa}i{ dré:s()sné[é oilrl comput er, execut e Jz_aafondi tion setting
procedure in T cH condi Tions - ar e s e or rraefd%g 't %r ke variation table
in response to an input of information related to information on a 30

subj ect pattern and an input of information on a targeted inmage formng
characterPstic; a raki ng it CECRARES RRAIALH B AFTRIE VArFattbimimtabl e of

sai d target ed, L1 N LA ACt BRI 61 58 SEFa R 00Rdeiogophgeponding to

information on aberration Is nade, In response to an’ I nput I nformation
rel ated to saintlytes extwaigloping af ursytst @m @mat | pé 0f ot s one dyh Al gy vem

aberration; and 5 %caj cul atl%n%(P procedure in eted inmage
C I

ich said far
form ng char &t ETC T At AT - 5P c’f%nt%n#n %‘f’hojfeg&t%
measur ement  daf iy ofe Mevied reft yn@beg{r ati on of said projection optical

system based on
10
26. 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 13 to 25.
15

27. A program that makes a control computer of an
exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, said program making said control

20 computer execute:

a condition setting procedure in which conditions
are set for making a Zernike variation table in response
to an input of information on a subject pattern and
information on a targeted image forming characteristic;

25 and

a making procedure in which a Zernike variation
table of said targeted image forming characteristic
corresponding to information on given aberration on
exposure of said subject pattern is made, in response to

30 an input of information related to said projection

optical system and information on said given aberration.

28. The program according to Claim 27, said



sai d neasurenent data and said Zernike variation table. 10 43. A program
according to Caim42, said program further making said control conputer
execute: a displaying procedure in which information on said 28r8ER éW5

i mage formng characteristic that has been_ 15 calculated is displayed on a
display unit. 44. A program accordi ng toléPai m 42, said program further
maki ng said control conputer execute: a converting procedure in which
information 20 med-tred ighting assid do@noielt compoper cakesyseem at  one

nmeasurenent point at the least in a field of said rojection optical
ZﬁZﬁ?g}:i conerFS@JQﬂ¥9Qﬁﬁﬁkﬂg e %ﬁﬁw&“d@?%?%?s%gﬁdtﬁéﬁ%?gint

n ol =i £d¥dd WLy PP £RLL SYSEEMa2e (Po]EBLiBhO '
st orage nedldhf%#%p canlﬁg(%eaéﬂﬂ%y a conputerain Qh?%h % péog?g%$§£cording
to any one ofsysiem nss 2Yalauldsltéd ircoesiponsgotdean Alnakt ngf neehedlof an

exposure apparat us_t hat é%%ansf rs_a pattern ont ohipeglt.yia a
projection  GHITHICRL € t%a?g %%ﬁ?ﬁ@oﬂ%t%%%rﬁgﬁgg?sgﬁgggéﬁ adj usting
process in Wi cdy Sai thidr@herta pns ¢S SEP 89954188 spiticatteystemis adj usted
using said image formng  characteristics adjusting nmethod according to any
one of O ai megsurenant sdafa amé $ahgel $HR fgveharhePBr FaPLEs neasuring
met hod according to Claim1l wherein said Zernike variation table is a table
in which a

29. The program according to Claim 28, said

10 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.

15 30. A program according to Claim 28, 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

20 optimal.

31. A program according to Claim 28, said program
further making said control computer execute:
a making procedure in which said Zernike variation
25 table is made in response to input of different
information related to said projection optical system and
input of information on said given aberration, by each
different information related to said projection optical
system;
30 a calculating procedure in which said targeted
image forming characteristic of said projection optical
system is calculated by each different information

related to said projection optical system in response to



predeterm ned val ue of aberration is given to each term in a Zernike

pol ynom al and said targeted image form ng 10 characteristic is cal cul ated
for a plurality of terms in said Zerni ke polynomal. 48. The inage formng
characteristics nmeasuring nethod according to C aim47 wherei8 BEPa2fi r st
information related to a pattern subjectl1tda projection by said projection
optical systemand a second information related to a projection condition

of said pat tie;{gh@rcﬁfagcg@esﬁ%M%é@!&a@;% k@aV@flati oot AL £o0 20 49.

The image formng c stics neasuring nethod according to Caim48
wher ei n sai d sfeconid ipfayastion opicl arless ysireni ded sapert us@id odicseal

proj ection optical syste nd an illum pation 25 condition of said pattern.
B0 The | mag@9eR HaRE R 1ot 1 AT kR T 2 R Tt sceor e md b G i m
47 wherein when di ff efntqira) e Bl eac i @i st eshb DimeRi dkpSHure
projection optical system said targeted inmage formng characteristic is
cal cul at e bycantkitigPm Zerds Kded Y af inhinabl ef o prateheh wtlaed patterns.

28 SEP 2005 %9id5rlﬁrT & SIPe, 107 1 N, rf’f‘cérféé Shd £85 MBABYT L Dy {ES hod
according to Ual erein en sai argeted 1 nage Tormng

char act eri st iignadgenci arheisn nch amges 401 91t g it dcd erbhsém ccalcal ptedal ity 5
of types, a Zernike varjatjion table is made for each of said imge formng

char act er i st iREETY AT sai d

10 32. The program according to Claim 31, said
program further making said control computer execute:
a setting procedure in which said optimum exposure

condition that has been decided is set.

15 33. A program that makes a control computer execute
a process, said program making said control computer
execute:

a procedure of calculating a targeted image forming
characteristic of a projection optical system in response

20 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
system, based on said actual measurement data and a
Zernike variation table of said targeted image forming

25 characteristic that is prepared in advance, as a linear
sum of coefficients of each term in a Zernike polynomial
that are decided based on said actual measurement data

and said Zernike variation table.

30 34. The program according to Claim 33, said
program further making said control computer execute:
a displaying procedure in which information on said

targeted image forming characteristic that has been



calculation. 52. The inmage form ng characteristics nmeasuring 10 nethod
according to Claim47 wherein when a plurality of projection conditions are
settable on projection of a pattern by said projection optical system
said targeted image form ng characteristic is calculated using the Zernike
variation 15 table for each of said proj&ebion conditions. 538 AirPatfusting
met hod of an exposure apparatus that transfers a pattern onto an object

via a projection.,optdsals sysdemysdi sh nethodyi felwding 20 a neasuring

process in which a targeted | ge form ng characteristic of said
projection optical system is measured using said inmage formng
characteristics uri nmet hod accor di to one % d al l1to6
and dains 47 to 52°25 5% BAPIHHYSL TG ]ﬂbgc*hoa ?Jé?lg 1 ¢¥° 4] usting

net hod in whigdo@ran nage: Heor rﬁlangm@aéaam eddst i1 OdordpuPs o) @ﬁédz@tﬂe opti cal
systemis_adjusted, said nethod including 30 a measuring process in which
a targeted i mage faot rﬁ%@l%ﬂﬂaﬁ%ﬁt@%@%e 1 sy e3P b i P B L hrage

form ng char i ainms 1
to 6 and d ai tEljfdfl?a‘sto 2 an 2%@35@%%@%&%&%%3% %19%(?0%%8 in which
sai d projectifsrmiopd |cdaelraacytsé1emtasc adharstleds Hased cmanla:mh;sm@mwctomesul ts

of said imge form ng characteristic. 5 55. The inage form ng
charact eri st i W Wibsti ng

10 36. A program that makes a control computer of an
exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, said program making said control
computer execute:

15 a calculating procedure in which a targeted
adjustment amount of said projection optical system is
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

20 actual measurement data of image forming characteristics
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 said image

25 forming characteristics of said projection optical

system.

37. The program according to Claim 36, said
program further making said control computer execute:
30 a displaying procedure in which information on said
targeted adjustment amount that has been calculated is

displayed on a display unit.



met hod according to C aim54 wherein said projection optical system
conprises a plurality of optical elenents that include a specific optical
el enent for adjustment, and 10 adjustnment of said projection fgt' k

is performed by deciding a targeted adjustnment anount of %%ﬁ W
optical elenment using a relation expressii@é between said neasured inmage
formng characteristics, paraneters that denote a rel ation between

adj ustnent of 15 sajgl spad fiioPRid Chc St SNt Qe &k hadgesd 1 | mage

form ng characteristics of said projection optical system and said
target ed adj ustommm afmeirte ofmakinh spedidort opt | cahpet @reexecand: adj usti ng

said specific optical_ elenment according to said . targeted ad] ustnent 20
amount that has beél’ &%%ﬁfn%é?roﬁe%%sm e“ﬂ?fecf}ho%‘%r% %?%%C%l%réttern i's

transferred

including 25 an adjusting process in which an image form ng character
of said pPoj &3] WHeNt cRMCwYistiermt shaadpest eerleiktedi d i nage forning

characteristics
process in which said pattern is

said projection op39.calTrsysimemvdmwsecdomtind oron Qlp tha3 @ ctlesrsinc i s
adj usted. 131 28 SEP 2005 57. The exposure nethod according to Cajmb56
wherein sai d i mage FOrFriBRF TSI A1SRTF IEC T TSP B9 @ relation

10

15

20

25

30

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
said targeted adjustment amount is an amount of

said specific optical element that needs to be adjusted.

40. The program according to Claim 36 wherein said
image forming characteristic is a wavefront aberration

expressed in a Zernike polynomial.

41. The program according to Claim 40 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.

42. The program according to Claim 36, 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

ystem
icC

PO AL Oy Sedm Vi D A PISL &St ASe@PSh Codid Syst@sr sai d met hod

istic

adj usting nethod according to Claim54; and a transferring
30 transferred onto said object using



deci di ng an adjustnment anount of an optical elenent of 5 said projection
optical system based on data of a relation between an adjustnent anount of
said optical elenment and a change in its imge formng characteristics,
and said neasured image fornming characteristic, and by driving &&E@ 2005
optical elenment 10 according to said adjagnent anount that has been

deci ded. 58. An inmage form ng characteristics adjusting nethod in which an

i mage form ng ShalQRId R 11 Ofn o dma O €64 | 00 OPL4 £8h Sy Sk | s;ad] ust ed,

said nethod 1ncluding: a neasuring process in which a targeted inmge

f orm ng char actsaydrsta ¢ samobiradute e U simigp sea i dmagel afed niggsaid
characteristics neasuring net hod actcordin to.any 20 one of Clains 1 to 6
and O aims 4FP19 52 %h e o r’r%% FOrt gl%%%lf%ﬁ]e?? Sl cai%l%%‘? ust ed by
driving an opibcadatel@ierdn®f said projection optical system based on
data of a relation between an adjustnment anount of said optical elenent
and a chafBge in 25 a&sEkquliadning dresadterin ivhiclresni ket oA al , and

sai d nmeasured f . abe ' 59.. An, ex h j '
attern s Crid Rt Rl e ek R e T B
sai d net hod iarclimpulg @i sk west inmgp proeesst | datwhi ch wave fuagret f or m ng
characteristic of said projection optical systemjs adjusted using said

i mge fornng kBT ¥ | AT Y dé%tla‘"d? s?Y%bé’Pr'etkPﬁﬁle c¥ording to

C ai m58; andaid measurement data and said Zernike variation table.
10
43. A program according to Claim 42, said program
further making said control computer execute:
a displaying procedure in which information on said
targeted image forming characteristic that has been

15 calculated is displayed on a display unit.

44, A program according to Claim 42, said program
further making said control computer execute:
a converting procedure in which information
20 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.

25
45. An information storage medium that can be read
by a computer in which a program according to any one of
claims 27 to 44 is recorded.
30 46. A making method of an exposure apparatus that

transfers a pattern onto an object via a projection
optical system, said making method comprising:

an adjusting process in which said projection



a transferring process in which said patternis transferred onto said

obj ect using said projection optical system whose image form ng
characteristic is 5 adjusted. 60. An image form ng characteri 2%l gFrsP )
adjusting method in which at | east one imge form ng charactefi'stic éf a
projection optical systemis adjusted, sakd nmethod 10 including: a
measuring process in which information related to wavefront aberration of

said projectigyt iRl GA)stpstiemd Sy udmasWLdig auh $airth ddregerd oidn ng

characteristic is adjusted by 15 driving an optical element of said

proj ecti on omhaxsEctenisitaims ki oimglaret lufd aacedzdinn tbetarwercrm of

adj ust nent arg)lunt of %i q1 optical elenent and a change in coefficients of
po

each termin aazléf}snﬂke 1y'nom' al, and said information related to

wavefront aberration. 20 61. The inmage form ng characteristics adjusting
met hod according to C aim60 wherein said informatjon related to wavefront
aberratiof is exprissdde imegte i N Shidm e T iafd &f MetBhting

wei ghting is o ned- oy P it of Sif4Bidn said Zerni ke pol ynoni al
to deci de sai“%ec;cfj%st ment la unt o]f sgjicisop}{?lcal el enent, in order to
adj ust an i mage forsainy Zexhdrka tverr isttiiproft bl ursala thalofe tiyrpeshioth sai d

projection optical syste 3%)162. An exposure net hod i \/\/nick&%1 attern is

bransterred GRS OHEA WIS B Gt 1on Obtl T VLY stbrt> Sk o Ht hod

i ncl udi ng in a Zernike polynomial and said targeted image forming
10 characteristic is calculated for a plurality of terms in

said Zernike polynomial.

48. The image forming characteristics measuring
method according to Claim 47 wherein
15 a first information related to a pattern subject to
projection by said projection optical system and a second
information related to a projection condition of said
pattern are used when making said Zernike variation
table.
20
49. The image forming characteristics measuring
method according to Claim 48 wherein
said second information includes numerical aperture
of said projection optical system and an illumination

25 condition of said pattern.

50. The image forming characteristics measuring
method according to Claim 47 wherein
when different patterns are each projected by said
30 projection optical system, said targeted image forming
characteristic is calculated by making a Zernike

variation table for each of said patterns.



28 SEP 2005 133 a cal culating process in which a targeted

characteristic of said projection optical

a plurality of exposure conditions settable when a pattern igggggL%ws
n

projected by 5 said projection optical system based on infor

rel ated to wavefront aberration of said peojection optical systemand a

Zerni ke variation table corresponding to each of said plurality of

exposure

_ condi tiorsy, anfk Lhayd redsi@id | d1th R QLSS 1t Ml 8@ 1Ky
is transferred onto said object with an optimum exposure

W th respect merhed egrridinrg tbasekbion Saivhereeted i mage form ng
characteristic that ,has begy_tcaug#%gted for.each of .said exposure

conditions. 15 63.V$he exposure

eIl Sal ar

net hod ac€or R YRFG @ I WrRrahlakien ttalyke et imade fFor nfagh ©

h teristic.i$ : I , ' : f |, Cd f h
Corm in o Zorh e B el K ey ded beac o Shi ¢ nf o mat i on
30 65.

term

related to wavefcwidHtiadrerrati on and said Zerni ke variation table

ynomi

The exposure nethod according to Caim62 wherein

10

15

20

25

30

52. The image forming characteristics measuring
method according to Claim 47 wherein

when a plurality of projection conditions are
settable on projection of a pattern by said projection
optical system, said targeted image forming
characteristic i1s calculated using the Zernike variation

table for each of said projection conditions.

53. An adjusting method of an exposure apparatus
that transfers a pattern onto an object via a projection
optical system, said method including

a measuring process in which a targeted image
forming characteristic of said projection optical system
is measured using said image forming characteristics
measuring method according to any one of Claims 1 to 6

and Claims 47 to 52.

54. An image forming characteristics adjusting
method in which an image forming characteristic of a
projection optical system is adjusted, said method
including

a measuring process in which a targeted image
forming characteristic is measured using said image
forming characteristics measuring method according to any

one of Claims 1 to 6 and Claims 47 to 52; and

i mage form ng
systemis calculated for each of

pattern
condi tion set

64. The exposure

ma%e .f:&armlr%% CtElaraC 1St1C . .

according aim efein said
exposure condiddoited NOd Udea qeiNBs e g agied £ 4k e r DSt BAI 6If Pl op BGEa DN @pt i cal
systemand an illum nation 20 conditjon of said pattern.



when different patterns are each transferred via said projection optical
system by calculating said 134 2 8 SEP 2005 targeted image form ng
characte_rl stic using a Zernike variation table for each of sg2@g SE® 2085 ns,
sai d opti mum exposure condition is set for each said different pattern. 5
66. An exposure nethod in which a patterﬁ3ps transferred onto an object
via a projection optical system said exposure method conprising: an
adlgstlng p{pcess iqhvfdjﬁsﬁﬂnéepmﬁcesmaimmwhicﬁﬂsibdn@n@j@@@ianteristic of
said projection optjcal system is adjysted ysing said inmage form

charact eri st i RE1ERY} u3YFH rﬁﬁfﬁﬁﬂ%&%%#d?ﬂﬁegoo% CAPUEFATIE 5977 §g61; and
a transf err i nge pLocessmdde hs £ 431 chapiespiseicls transferred onto said

obj ect using said projection optical systemwhose inage form ng
characteristic is adjusted. 67. The exposure apparatus according to any

one of 2Q d ains to. 20 whereipn said Zernike variafion .15 a table
in which predeté%%in .\&ﬂ?ﬂfc)oﬁﬂﬁﬁqafi%ﬁaggeg%%géégoa%§§%€%%$n1 ina
Zer ni ke pol ynpet gbd andcsad tnd af get Bdin nBgewhorging characteristic is

calculated for a plurality of terns in 25 said Zerni ke, pol ynom al. 68. An
exposure appar at us $&abd RP¥aiRtlelen Lphitet nSYDRED A BH}eeF Fia a

projection optigal) Byt SR oS8l da1 C¥PORYEEs APRAE AL HE16QBPAI $hBMific

optical element for adjustment, and

10 adjustment of said projection optical system is
performed by deciding a targeted adjustment amount of
said specific optical element using a relation expression
between said measured image forming characteristics,
parameters that denote a relation between adjustment of

15 said specific optical element and a change in image
forming characteristics of said projection optical
system, and said targeted adjustment amount of said
specific optical element, and adjusting said specific
optical element according to said targeted adjustment

20 amount that has been decided.

56. An exposure method in which a pattern is
transferred onto an object via a projection optical
system, said method including

25 an adjusting process in which an image forming
characteristic of said projection optical system is
adjusted using said image forming characteristics
adjusting method according to Claim 54; and

a transferring process in which said pattern is

30 transferred onto said object using said projection
optical system whose image forming characteristic is

adjusted.



30 a conputing unit that obtains an image form ng characteristic that
becones an evaluation itemof said projection optical system based on
information related to wavefront aberration of said projection optical
system 135 28 SEP 2005 and a Zerni ke variation table that corrgs@epdgiio a
pattern to be transferred onto said objetBland an illum nation condition
of the pattern , as a linear sum of coefficients of each termin a Zernike

pol ynomi al that 5 e ded dnased it iRl c&ddﬁﬁim%iw delateksto

wavefront aberration and said Zernike variation table; and an adjusting
unit that adjwsireigt | east one image forming characteristic of said

projection optical Sysf %nﬁaloe to 1 J.Lannsfc raltagc&e[)%s}teiw onto. s .tdeé)b:l ct. 69.
The exposure apparatus accé%ding 0 al m er el i sal o Zernt K

vari ation takleidimptal nadh dytngdnt Ngnout s Pr edetesid ced dbdmentofof
aberration to each termin said  Zerni ke pol ynom al and cal cul ating an

i mage for Ai nPLFAPRFAIGT T WEEHR Y PFojeet iSSPt AasYyserd i n each  of
a plurality tar.ng. i i i i 0.7 e

appar at us acg{)erl [ nlgﬁ (yb%érin] %{%@eﬁﬁﬁzﬁﬁ%ﬁrﬁ@u%%g suahlt:l? cal cul at es,
when said ildlemearet i agndendittarore i i chiangiedh gent o rreiges f or mi ng
characteristig that becomes said evg%yation ingnlusin a 25 Zernike

variation tatitraShEsponditg 38 3t ARHYEL Y i 1THG ne T B Condi tion. 71.
The exposur e @RpAH IS ACGEOF Hig B FiafiRPE&aid optical element

10 according to said adjustment amount that has been

decided.

58. An image forming characteristics adjusting

method in which an image forming characteristic of a
15 projection optical system is adjusted, said method
including:

a measuring process in which a targeted image
forming characteristic is obtained using said image
forming characteristics measuring method according to any

20 one of Claims 1 to 6 and Claims 47 to 52; and

said image forming characteristic is adjusted by
driving an optical element of said projection optical
system, based on data of a relation between an adjustment
amount of said optical element and a change in

25 coefficients of each term in a Zernike polynomial, and

said measured wavefront aberration.

59. An exposure method in which a pattern is
transferred onto an object via a projection optical
30 system, said method including
an adjusting process in which an image forming
characteristic of said projection optical system is

adjusted using said image forming characteristics



wherein 30 said conputing unit calculates an inmage formng characteristic
t hat becones said evaluation itemusing the Zernike variation table for

each said pattern, when different patterns are each transferred via said
28 SEP 2005 136 projection optical system 72. An exposure app rag @ﬁat
transfers a pattern onto an object via a3projection optical s?@t ﬂ?? id?5
exposure apparatus conprising: a storage unit that stores data related to a

rel ation bet ueen an AdiUSHRN AU, Pf Aot o), slement of said

projection opti'cal systemand a change in coefficients of each termin a

Zer ni ke pol ynom al ja dnchnBF eany iadj gstdawg auniint whiath odjicstmatdtedreast one

imge form chggacte i stic of, aidigrojeclion og%ical.s stem based on
aeﬁs

information r FHSNRTETT St BRIt ot 919 8 %rroo]eec%}r%rh opti cal
system and s&jgt idatia.s idr efd3 - whidie el o By aiiiSr AeCF i i ts G ai m 72
wherein said information related to wavefront aberration is expressed in a
Zer ni ke peol ydshivgtednd said adjusting unit decides said adjustnment anount
of said optical 20 elenment by performing different weighting on a plurality
of terms in said Zerni ke polynom al to adjust said imge formng
characteristic of a0nl wralinayeoff drypesy afhasad ot e yran) ieed iaody wptimpl system
25 74. An exposure apparatus that transfers a Eattern onto an object via a

proj ection oftSCHd systEmCdtd L8 osUte HUT YT ageeristic

of a projection optical system is adjusted, said method
10 including:

a measuring process in which information related to
wavefront aberration of said projection optical system is
measured; and

said image forming characteristic is adjusted by

15 driving an optical element of said projection optical
system, based on data of a relation between an adjustment
amount of said optical element and a change in
coefficients of each term in a Zernike polynomial, and
said information related to wavefront aberration.

20

61. The image forming characteristics adjusting
method according to Claim 60 wherein

said information related to wavefront aberration is
expressed in a Zernike polynomial, and different

25 weighting is performed on a plurality of terms in said
Zernike polynomial to decide said adjustment amount of
said optical element, in order to adjust an image forming
characteristic of a plurality of types of said projection
optical system.

30

62. An exposure method in which a pattern is
transferred onto an object via a projection optical

system, said method including



a conmputing unit that obtains a targeted image formng characteristic of
said projection optical system 30 for each of a plurality of exposure
conditions settable on projecting a pattern inage by said projection
optical system based on information related to wavefront apgr§ft 206h of
said projection optical systemand a 28 SgP 2005 137 Zerni ke vari ation
tabl e corresponding to each of said plurality of exposure conditions ; and

an exposure contr ol unitgtg%ﬁc%qggi%%égggkggg!i%xggi%%eapQg@dgé% for said

pattern, based on said targete orm ng characteristic at has
been cal cul atierchdfeorf cgacimopfclsaiat texpicsiree odforedhiitd @ 5 i dheopexipasiur e

apparatus according .to C.aim74 erein. 10 sai d.expasyre conditions
i ncl ude nunersiyé:’g:le“gdﬁr t%u%tesda%rprecﬂc&tq%r‘? dptd lu(s’ﬁlsq 2
i11um nation czRnidiildren Rfttsai ik patdrer i pAttelhe eI Ure PRPRaldes bdy

according to Caim74 15 wherein said conputing unit cal cul ates sai
target ed Pradg@id AEAIRF R fRtterdask iYyStely PAFatbAN s fsfreadefdn ci ent s

of each term.i r.nj 5H¥ﬁ ; j s - sai d
i nformati on rrle (:‘?t%eegletegJ mk\lgavv%#@}%nt a e%%galdtacltlod;l}{ Sooéjgsﬁédlqgg?réa%z% e variation
table. 77. Theteqads wyes Epparat us Zecoarkd ngprtietGal maklle wherei n sai d

computt ng UL caleul ohes, s34 L1 ogf g e, 2%,k g charact or st
different patdiiti®m; and
10 a transferring process in which said pattern is
transferred onto said object with an optimum exposure
condition set with respect to said pattern, based on said
targeted image forming characteristic that has been
calculated for each of said exposure conditions.
15
63. The exposure method according to Claim 62
wherein
said exposure conditions include numerical aperture
of said projection optical system and an illumination

20 condition of said pattern.

64. The exposure method according to Claim 62
wherein
said targeted image forming characteristic 1is
25 calculated, as a linear sum of coefficients of each term
in a Zernike polynomial that are decided based on said
information related to wavefront aberration and said

Zernike variation table.

30 65. The exposure method according to Claim 62
wherein
when different patterns are each transferred via

said projection optical system, by calculating said



transferred via said projection optical system and said exposure control
unit sets an opti mum exposure condition for each of said different
patterns, based on 30 said targeted inage form ng characteristic that has
been calculated for each of said patterns. 28 SEP 2005 138 78.g Acrlegisce
manuf acturing method including a |ithogsdphic process, wherein in said

| it hographi c process exposure is perforned 5 using said exposure apparatus

according to_any one of O aink. 68 L0, [{-+dDisH

t Or Q8L A 4 hatrABkes a
control conpﬁﬁﬁgé%ﬁsaﬂmé ?pgéﬁ$% gppa?a%%s t hat transﬁ%ﬂs a Eattern onto an
10 obj ect VigafiPtOpECtiadhe 0pbi cahchyst esa s epattenns pr eded et H8EMpr ocess,

sai d program making said control co ter execute; Aa. I d
" whi ch i nf SFREREH FERAE BHONL bS WA bY F SRt SABAr TAEToRL 6T S proj ection

optical systgmidpnis nmeasured; and an adjusting procedure in which at
| east one inage formng characteristic is adjusted by driving an opti cal
el ement & said projection optical system based on data of a relation

bet ween an adeStQEEF ggnggéﬁggréaﬁgtﬁgdoﬁﬁi@ﬁicﬁl§”§QEté9H &schange in

coefficients of e term _ erni ke polynom al, and said information
related to waygEkFertedbentat aanobg8ctAvprogr anotikat ienkeptacadnt r ol

conputer of an 25 exposure apparatus that transfers a pattern onto an
obj ect via aSPPbFBet F8AY0FEPES r?y@?%ﬂ?@x&@ﬁ?élﬁlngfedeternined process,

said program meki ngnsghquseihgObrocess in which at least one image
10 forming characteristic of said projection optical system
is adjusted using said image forming characteristics
adjusting method according to one of Claims 60 and 61;
and
a transferring process in which said pattern is
15 transferred onto said object using said projection
optical system whose image forming characteristic is

adjusted.

67. The exposure apparatus according to any one of

20 Claims 13 to 20 wherein
said Zernike variation table is a table in which a
predetermined value of aberration is given to each term
in a Zernike polynomial and said targeted image forming
characteristic is calculated for a plurality of terms in

25 said Zernike polynomial.

68. An exposure apparatus that transfers a pattern
onto an object via a projection optical system, said
exposure apparatus comprising:

30 a computing unit that obtains an image forming
characteristic that becomes an evaluation item of said
projection optical system, based on information related

to wavefront aberration of said projection optical system



comput er execute: a calculating procedure in which a targeted 30 image
form ng characteristic of said projection optical systeg1is calculatgd in
SZEPG?L a pIurgllty QL exposure conditions settable when projecting a
i mge by said projection optical system based on info EPr2oss

SEP 2005 139 related to wavefront aberrat3on of said projectionzqggfgcal
sYster]and a Zerni ke variation table corresponding to each of said

P .U&a ity of afi\épgsHE?n}j.%%nqg&'igrﬁbnaﬂgbieat%%%n%f&rﬂééﬁﬂ)rﬁfs)ﬁﬁdlﬂe i n which
said pattern ~transferred onto said object with an optipmum exposure
?ond!tlonhsepa%téhnrespeettman$ibdrpdtp@¢@,S@é§b@hﬂ?%ﬁﬂ%ﬁdt%ﬂgeted i mge
orm ng characteristic¢ that has .been | cul or f i osu
condi ti ons. iélST?nﬂtﬁP8gF§ﬁF?% onnﬁﬁég%f gﬁ%%%fidoﬁ%ﬁ%ﬂﬂggF§§%Qﬂg§Bosu;Z
appar at us thgtr tharsfienient spaift eathonieamann @hjZestnike polymojeial dmapt i cal

system execute a predeterm ned process, said progra Ki S

1‘\; conput®r execdesidad HHrSEhiIHy S&%éd\%“ﬁ?plvﬁ‘ﬁ c%erTaaﬂP? n%% ?Io(rjmpggt ol
el acteri st 'éu%.vtﬁr%%tonbe% AN SYaliatd oy i1 ofe Sad ik a i ©f ecdb ey opt i cal
systemis obtaine ased on information related to wavefront aberration of
said 20 proj egid on optical systemand a Zernike variation table that

corresponds to a patter J%ﬁg\gpé{rﬁe”tf;&{a;tgdaaﬂoﬂsotssaé‘g lé);)é,?cgn@ngng&

illum nation condi &of [
( _ I near sum of coefficients of
each termin &, 4680y kfharacteristic of said projection optical system

10 to transfer the pattern onto said object.

69. The exposure apparatus according to Claim 68
wherein
said Zernike variation table is obtained by giving
15 a predetermined value of aberration to each term in said
7zernike polynomial and calculating an image forming
characteristic of said projection optical system in each

of a plurality of terms in said Zernike polynomial.

20 70. The exposure apparatus according to Claim 68
wherein
said computing unit calculates, when said
illumination condition is changed, an image forming
characteristic that becomes said evaluation item using a
25 Zernike variation table corresponding to said changed

illumination condition.

71. The exposure apparatus according to Claim 68
wherein
30 said computing unit calculates an image forming
characteristic that becomes said evaluation item using
the Zernike variation table for each said pattern, when

different patterns are each transferred via said



pol ynom al that are decided based on said information 25 related to
wavefront aberration and said Zernike variation table; and an adjusting
procedure in which at |east one inmage forming characteristic of said
projection optical system is adjusted to transfer the pat t er n 20htS6P s&Y
obj ect. 30 82. An exposure nethod in whildlé a pattern is transferred onto
an object via a projection optical system said nmethod conprising: 28 SEP

2005 140 deci9$$%$g¥§%f%%£§g£§ of seagh termin a Zernike polynom al based

on i nformati®dh _ wavefront aberration of said projection optica
system and cal culating an imge formng characteristic that 5 becones an

eval uation item of id jecti tical i i
coefficients of ea%i?;%?ﬁég %gﬁkgg?ﬁgﬁtgggfyﬁ%%ﬁg ,agﬁgggsggrégkgeggf:g??on

table that gRrsespopEsete @ipakht prBjkethent bpostelr egsontp said obj ect
and an illumnnation condition of the pattern, as a 10 linear sum of said
deci ded doef KBPE8HES BPPRABRUEeFRIPRIEINEer ni ke pol ynomi al and said Zerni ke

variation table. 83..lhe,cspanyte REnedopesondtagrboathal 182 wherein 15
said Zerni ke variation table Is obtained by giving a predeterm ned val ue

of aberrati opelatéanhbeewrennasaad]jugemankeapobphionifaknar@tégPeul ating an
2plur al | 1y GFoRePis Ofn=eafaPP8IR ke Boryarral siagen ant 8 ERahBecarl o
coefficients of each term in a Zernike polynomial; and
10 an adjusting unit that adjusts at least one image
forming characteristic of said projection optical system
based on information related to wavefront aberration of

said projection optical system and said data.

15 73. The exposure apparatus according to Claim 72

wherein
said information related to wavefront aberration is

expressed in a Zernike polynomial, and said adjusting
unit decides said adjustment amount of said optical

20 element by performing different weighting on a plurality
of terms in said Zernike polynomial to adjust said image
forming characteristic of a plurality of types of said

projection optical system.

25 74. An exXposure apparatus that transfers a pattern
onto an object via a projection optical system, said
exposure apparatus comprising:

a computing unit that obtains a targeted image
forming characteristic of said projection optical system

30 for each of a plurality of exposure conditions settable
on projecting a pattern image by said projection optical
system, based on information related to wavefront

aberration of said projection optical system and a



84. An exposure nethod in which a pattern is transferred onto an object
via a projection optical system said method conprising: optimzing a

wei ghting function to conpensate an 25 error of a pattern ina 3 Epjzﬁﬁted
onto said object via said projection optical system and calcgla i'ng
adjustnent information in an adjusting ugi7t that adjusts an inmage formng
state of said pattern inmage, based on information related to wavefront

aberration of said 30_proj [ t] nd,a nike iation
table that %%??é Pon glggfgﬁpgg?ggn&§gkﬁggéﬁggg€e??egggﬁtgbsggga obj ect
and an illunppataDitgondi ékposatet benpatiens; ;aadd controlling said

adj usting unit based on said 28 SEP 005.%4épcglcu at ed ad{ustgent
information to traRRfeXPPRBRIPabPRFAC- oNEbT shI'Y oﬁf£§t§n8gp The"exposure

met hod aCCOrg%ﬂ@s&?eCE@hngﬁon5f8@eé§EH patttbhg, cphegbabhopadtl said
adj ust ment i nformation, the |east-squares method is used. 86. The exposure
met hod accor tangetedCimpgessorndngheharacksei pEérefbatoha8abRPermin a

Zerni ke pol ynom.a e Ci sed:gn Ld.,i-af : elated to
naver ront  abarrairakEaaRaEr SHE BRC e R B LR ok SR e ot
information, 15 the decided coefficients of each termin a Zernike

ol ynom al are used, 87, The exposute TeLbad aeesrding 8 Ehaim §g wherein
wherein
10 said exposure conditions include numerical aperture
of said projection optical system and an illumination

condition of said pattern.

76. The exposure apparatus according to Claim 74
15 wherein
said computing unit calculates said targeted image
forming characteristic , as a linear sum of coefficients
of each term in a Zernike polynomial that are decided
based on said information related to wavefront aberration

20 and said Zernike variation table.

77. The exposure apparatus according to Claim 74
wherein
said computing unit calculates said targeted image
25 forming characteristic using the Zernike variation table
for each of said patterns, when different patterns are
transferred via said projection optical system, and
said exposure control unit sets an optimum exposure
condition for each of said different patterns, based on
30 said targeted image forming characteristic that has been

calculated for each of said patterns.



20 said weighting function is a function that performs weighting on said
deci ded coefficients of each termof a Zernike polynomal. 88. The
exposure nethod according to Claim87 25 wherein said Zernike variation
table is obtained by giving a predeternined value of aberrati @ §6P 286h
termin a Zerni ke polynonial and cal cuhasts ng an image form ng
characteristic of said projection optical systemin each 30 of a plurality
of ternms in said Zerni ke polynomal. 89. The exposure method according to
Claim84 wherein 2 8 SEP 2005 142 for the cal culation of said adjustment
information, data78el Aat@dvioecamarhfibcbnrbegweehhad adfdstiedt aanmount  of

said adjusting unit and a change in coefficients of each termin a Zernike
pol ynoni al i%lEQQEFthQG.pfﬁﬁegipogﬂ?ﬁeﬁﬁthod according to Claim89

wherein said data ifckydgsiathbgasphéat preekakedxposarer ebapeafiobmtdeen an
adj ust nent anount of an optical 10 el enent of said projection optical

system arfid aushaggeaid epeSRIei 8RP3ITakUEaBRCPERMENt8arBYZENRI RE

polynonial._ﬁig.Theﬁgxggsqﬁe met hod according to Claim84 wherein 15 said
[

. 1ms . .
adj ust nment rmation 1ncludes an adjustnment amount related to at | east

one of noverment of an optical elenment of said projection optical system
and a Characterlst58.0£ b&%g?%%aikg@ hgggg gréggk%%?dcg%p%%gq of an
exposure apparatus that transfers a pattern onto an
10 object via a projection optical system execute a
predetermined process, said program making said control
computer execute:
a measuring procedure in which information related
to wavefront aberration of said projection optical system
15 1is measured; and
an adjusting procedure in which at least one image
forming characteristic is adjusted by driving an optical
element of said projection optical system, based on data
of a relation between an adjustment amount of said
20 optical element and a change in coefficients of each term
in a Zernike polynomial, and said information related to

wavefront aberration.

'80. A program that makes a control computer of an
25 exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, said program making said control
computer execute:
a calculating procedure in which a targeted
30 image forming characteristic of said projection optical
system is calculated in each of a plurality of exposure
conditions settable when projecting a pattern image by

said projection optical system, based on information



pattern. 20 92. The exposure nethod according to Claim384 wherein by
controlling said adjusting unit, at |east one of novenent of an optical
el enent of said projection optical 25 system and change of a
characteristic of illumnation light irradiated on said patter%aiggp 2005
performed. 93. An exposure apparatus thasaransfers a pattern onto an
object via a projection optical system said 30 exposure apparatus

conprising: gp, adiystlngayBitohhakyadiyetsnapsi BrYE HebbRgiontate of a
pattern inmage projected onto said object via said projection optical

system and 3Bt HER12805t&m3aadcenparnhgeunbriehapnopebiiezes a wei ghting

function to conpensate.an error of said.pattern.i |.cul ates

adj ust nent iﬁ?gpﬁﬁPPBﬁlpﬂ ggiaaggjﬁitﬁﬁég %Pfél%g§g§f03§P§F§?ﬁation
related to wayghtenbns;ahaaration of said projection optical systemand a
Zerni ke variation table that corresponds to ,a pattern to be transferred
onto sai & obj ect aﬂdtéﬁnﬁﬁﬁﬁﬁiﬁatPéﬁceéBﬁﬁi%Poﬁthhtﬁ@lBaPFEFﬁFn16594. The

exposure appar3huscacear dhig §a:0l 86782 waker ghnchetnie ciglulzat i on of

t he adj ust nmen nformation, the |eaSt-squares nethod is used. 15 95. The
exposur e appavatiisiacceedi Wgtho réispemtozo whédebatteaht i bireros obf séach term
'na Zernlketggg @ggi?hage forming characteristic that has been
calculated for each of said exposure conditions.
10
81. A program that makes a control computer of an
exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, said program making said control
15 computer execute:
an obtaining procedure in which an image forming
characteristic that becomes an evaluation item of said
projection optical system is obtained, based on
information related to wavefront aberration of said
20 projection optical system and a Zernike variation table
that corresponds to a pattern to be transferred onto said
object and an illumination condition of the pattern, as a
linear sum of coefficients of each term in a Zernike
polynomial that are decided based on said information
25 related to wavefront aberration and said Zernike
variation table; and
an adjusting procedure in which at least one image
forming characteristic of said projection optical system
is adjusted to transfer the pattern onto said object.
30
82. An exposure method in which a pattern is
transferred onto an object via a projection optical

system, said method comprising:



are deci ded based on said information related to wavefront aberration,

20 for the calculation of said adjustment information, the decided
coefficients of each termin a Zernike polynom al are used. 96. The

exposur e apparatus according to Claim95 25 wherein said wei @& SBg 2005

function is a function that perforns waigghting on said decided

coefficients of each termof a Zernike polynom al.

30 97. The exposure

and

appar at us accordingeég%%e%2€%g§fi§£gég%ngg%g%%e£g£%¢iﬁagigggggkéable i's

obt ai ned by gi ving

rmn

28 SEP 2005 344y<enbbkeppsbynoni ahfantlacaboukalahgdahoi magefionki ng

characteristic of said proje¢tion optic¢

erration to each termin a

in each of .a plurality of

: al t
terns in saiﬁbZéFﬂFk@npeﬁyﬁ@ﬁpap?ogegé?o?hgggigggu?@s SBar 8"ds according to

A aim93 wherein foi.thgr¢abcahatihggeokosnl gadhuskeatiknier kakton,
related to a relation between an adj ustnent anount of said adjusting unit

and a changebenomesef Ahceynilvashon)isa®hofepmifnPEoZeckiike PBILYRGH al i s

dat a

used. 99. The expesupe apparatys ageondbndcha-Eiaiihid opherehntsakd data
a°rel at'e 0 a 1 6

i ncl udes at Pé3

m
ta relation

amount of aniaphki gaknigkkepenynofisdi dapopeceiran kepiacdatdpst sabdrd a
change in coefficients of each termin sai%oz%rnike p%% nom al

10

15

20

25

30

that corresponds to a pattern e trans réd onto said
object and an illumination condition of the pattern, as a
linear sum of said decided coefficients of each term in a

Zernike polynomial and said Zernike variation table.

83. The exposure method according to Claim 82
wherein

said Zernike variation table is obtained by giving
a predetermined value of aberration to each term in said
Zernike polynomial and calculating an image forming
characteristic of said projection optical system in each

of a plurality of terms in said Zernike polynomial.

84. An exposure method in which a pattern is
transferred onto an object via a projection optical
system, said method comprising:

optimizing a weighting function to compensate an
error of a pattern image projected onto said object via
said projection optical system, and calculating
adjustment information in an adjusting unit that adjusts
an image forming state of said pattern image, based on
information related to wavefront aberration of said
projection optical system and a Zernike variation table
that corresponds to a pattern to be transferred onto said
object and an illumination condition of the pattern; and

controlling said adjusting unit based on said

et ween an adj ust nent



100. The exposure apparatus according to Caim93 20 wherein said
adj ustnent information includes an adjustnent anount related to at | east

one of novenent of an optical elenent of said projection oEtigéy 2 stem
and a characteristic of illumnation light irradiated on sa § S5 Bﬁttern.

101. The exposure apparatus according tQ4@ aim93 wherein said adjusting
unit perfornms at |east one of 30 novenent of an optical elenent of said

proj ection opti Si gk ak . Ghargc hSkl i bhdakpation
R e e R T P I ok
appar atus acentdi sgitooiacm 93, further conprising: an illum nation
systemthat includes a shaping optical systemthat nmakes said illum nation
condition 5 variable, wherein said conputing unit uses, when said

illumnation condgsionThe ehppggde ReZRbAi kecyadinyi oo Cablim 84
corresponding to the changed illum nation condition for the calculation of
sai d adj st neherghfor mati on. 10 103. A devi ce manufacturing nethod

i ncluding a Iitho@égpbhg.Bé?%@igtiﬁﬂeaﬁieaka sakdsthbhegr apbirhaRiBaeSS,

exposure i s perforne usi ng sai d exposure apparatus according to any one
of 15 C ai nstA83 Leatb2sfldreA devhod menubadturi ng net hod including a

86. The exposure method according to Claim 85
10 wherein
coefficients of each term in a Zernike polynomial
are decided based on said information related to
wavefront aberration, and
for the calculation of said adjustment information,
15 the decided coefficients of each term in a Zernike

polynomial are used.

87. The exposure method according to Claim 86
wherein
20 said weighting function is a function that performs
weighting on said decided coefficients of each term of a

Zernike polynomial.

88. The exposure method according to Claim 87
25 wherein
said Zernike variation table is obtained by giving
a predetermined value of aberration to each term in a
zernike polynomial and calculating an image forming
characteristic of said projection optical system in each

30 of a plurality of terms in said Zernike polynomial.

89. The exposure method according to Claim 84

wherein



| i t hographi c process, wherein in said |lithographic process, exposure is
performed 20 using said exposure nethod according to any one of Clains 62
to 65 and 82 to 92. 105. A programthat makes a control conpu% r @;Zag
exposure apparatus that transfers a pattern onto an 25 object ?‘é
projection optical systemexecute a predeterm ned process, said program
maki ng said control conputer execute: a deciding procedure in which

coefficients of eagh. Lelmin.a Zelnhkee polyaosial s arendeshdotnbased, on 30

information rel ate wavefron erration of s proj ection optlcal
system and @a@algylateagtpracedMaelon mataheanannagéusbmﬁhhgamount
characteristic that becomes an evaluation jtem of sa d 8 SEP 08? 146
proj ection opfiealdsydpBaTiedcyrihl apdq? BhgﬂgeoﬁnsgPa dS&Fagg

coef fici ent s,9feaghyt €nMui Re@nZRENpKeyRBYAOMi 8l usaad a Zerni ke variation
tabl e that corresponds to a pattern to be transferred onto said object and

an 5 illdmnation condition of the pattern, as a linear sumof said

deC|ded coefficien of c n n noRI d id Z i k
Tari atton tabl o 180: CATRECOxBEEkE mBLEBANLKEC-ROYNDE BLaBRAsHA 0 200N ke

exposure appahatusnthat transfers a pattern onto an object via a projection

optical system execut redet erm ne roc sald r king said
control conputer ?égug@tg 184 Egﬁﬁtﬁg 95?8 e§8F8 i mhg%h%g]%2|ghtlng 15
function to ¢carpensat efelhr Qh @Hj@s@ﬁbhtr@mbﬁhgeof an optical

10 element of said projection optical system and a change in

coefficients of each term in said Zernike polynomial.

91. The exposure method according to Claim 84

wherein

15 said adjustment information includes an adjustment
amount related to at least one of movement of an optical
element of said projection optical system and a
characteristic of illumination light irradiated on said
pattern.

20

92. The exposure method according to Claim 84
wherein
by controlling said adjusting unit, at least one of
movement of an optical element of said projection optical
25 system and change of a characteristic of illumination

light irradiated on said pattern is performed.

93. An exposure apparatus that transfers a pattern
onto an object via a projection optical system, said
30 exposure apparatus comprising:
an adjusting unit that adjusts an image forming
state of a pattern image projected onto said object via

said projection optical system; and



projected onto said object is optimzed, and adjustnent information in an
adjusting unit that adjusts an image formng state of said pattern inmage
is calculated, based on information related to wavefront aberration of
sai d 20 projection optical system and a Zerni ke variation t&Bl%P £t
corresponds to a pattern to be transferrieid onto said object and an
i1lumnation condition of the pattern; and a controlling procedure in

whi ch sai d adj ustingodfbhel SoCORLEOLhSY BaseRlioBssal deegheuhat ed adj ust ment
25 information to transter t%e pattern onto said object.” 107. An

i nformati on §uocagennedi sampRnwhitehanherrprogfamradcprdicrgnt émadg one of
Sl 79 1o BE (102,30¢es1 28318 cheRe" §RFLRAL16AN 1 Re sh9RdaBY L GRGPUL €T
unit, based on information related to wavefront

5 aberration of said projection optical system and a
Zernike variation table that corresponds to a pattern to
be transferred onto said object and an illumination

condition of the pattern.

10 94. The exposure apparatus according to Claim 93
wherein
for the calculation of the adjustment information,

the least-squares method is used.

15 95. The exposure apparatus according to Claim 94
wherein
coefficients of each term in a Zernike polynomial
are decided based on said information related to
wavefront aberration, and
20 for the calculation of said adjustment information,
the decided coefficients of each term in a Zernike

polynomial are used.

96. The exposure apparatus according to Claim 95
25 wherein
said weighting function is a function that performs
weighting on said decided coefficients of each term of a

Zernike polynomial.

30 97. The exposure apparatus according to Claim 96
wherein
said Zernike variation table is obtained by giving

a predetermined value of aberration to each term in a
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Zernike polynomial and calculating an image forming
characteristic of said projection optical system in each

of a plurality of terms in said Zernike polynomial.

98. The exposure apparatus according to Claim 93
wherein

for the calculation of said adjustment information,
data related to a relation between an adjustment amount
of said adjusting unit and a change in coefficients of

each term in a Zernike polynomial is used.

99. The exposure apparatus according to Claim 98
wherein

said data includes at least data related to a
relation between an adjustment amount of an optical
element of said projection optical system and a change in

coefficients of each term in said Zernike polynomial.

100. The exposure apparatus according to Claim 93
wherein

said adjustment information includes an adjustment
amount related to at least one of movement of an optical
element of said projection optical system and a
characteristic of illumination light irradiated on said

pattern.

101. The exposure apparatus according to Claim 93
wherein

said adjusting unit performs at least one of
movement of an optical element of said projection optical
system and change of a characteristic of illumination

light irradiated on said pattern.
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102. The exposure apparatus according to Claim 93,
further comprising:

an illumination system that includes a shaping
optical system that makes said illumination condition
variable, wherein

said computing unit uses, when said illumination
condition is changed, a Zernike variation table
corresponding to the changed illumination condition for

the calculation of said adjustment information.

103. 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 93 to 102

104. A device manufacturing method including a
lithographic process, wherein

in said lithographic process, exposure is performed
using said exposure method according to any one of Claims

62 to 65 and B2 to 92.

105. A program that makes a control computer of an
exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, saild program making said control
computer execute:

a deciding procedure in which coefficients of each
term in a Zernike polynomial are decided based on
information related to wavefront aberration of said
projection optical system; and

a calculating procedure in which an image forming

characteristic that becomes an evaluation item of said
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projection optical system is calculated, based on said
decided coefficients of each term in a Zernike polynomial
and a Zernike variation table that corresponds to a
pattern to be transferred onto said object and an
illumination condition of the pattern, as a linear sum of
said decided coefficients of each term in a Zernike

polynomial and said Zernike variation table.

106. A program that makes a control computer of an
exposure apparatus that transfers a pattern onto an
object via a projection optical system execute a
predetermined process, said program making said control
computer execute:

a calculating procedure in which a weighting
function to compensate an error of a pattern image
projected onto said object is optimized, and adjustment
information in an adjusting unit that adjusts an image
forming state of said pattern image is calculated, based
on information related to wavefront aberration of said
projection optical system, and a Zernike variation table
that corresponds to a pattern to be transferred onto said
object and an illumination condition of the pattern; and

a controlling procedure in which said adjusting
unit is controlled based on said calculated adjustment

information to transfer the pattern onto said object.

107. An information storage medium in which the
program according to any one of Claims 79 to 81, 105 and

106 is recorded that can be read by a computer.



