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FPO6- 0501- 00 DESCRI PTI ON LI GHTI NG OPTI CAL DEVI CE,
REGULATI ON METHOD FOR LI GHTI NG OPTI CAL DEVI CE,

EXPOSURE SYSTEM AND EXPOSURE METHOD 5 Techni cal FP06-0501-00

Field [0001] The present invention relates to an
illumnation optical apparatus, an adjustnent nethod
of illumnation optical apparatus, an exposure '
apparatus, and an exposure nethod and, nore

particularly, to an i Ibﬁg’@ﬁlmogﬂti cal apparatus

suitably applicable to exposure apparatus for

M AGYNG NOPTIRE AESDESACE URESUEATION AWETHOD  FOR
devices, image pickup devices, liquid-crystal display
deFETINGd OPTICAT. | DRYICH, | CERPOSURY SYSTEM, AND
| i t hography. Background Art [0002] In the typica

eHXPOSURFPMETHOPR! this type, a |light beam 15
emtted froma light source is guided through a fly's

eYRcheriéal Pieldm crol ens array) as an opti cal
integrator to forma secondary |light source as a

sfpe0antlihee praskar einvertiomardlatgnsiost amg ilbimanatddn ofoptical

| ight sources. Light beanms fromthe secondary |ight

s appaeatas.can nadjdstnteritomathed ek gnination. ogficlofppdratus, an

The |ight beans converged by the condenser | ens

| lelkpobmat epparatess kand 4 exposerke eethod ethdpahorr particularly, to

thereon in a superposed manner. Light having passed

t anoutlantinatipat topticabf apparates ksuitablyl sapphicablgh ta exposure

projection optical systemto forman inmage on a wafer.

| apphratusmforermanhfactuiskg paiceodevisepr speht el femiconductor

transferred) onto the wafer as a 25 photosensitive .

sdyices; emageqfitkap devpess,liguiderysial dispapadeveees, and thin-

formed on the mask is of high integration and a

udilmomagnetighaesgdscby lithography.

Background Art

[0002] In the typical exposure apparatus of this type, a light beam
emitted from a light source is guided through a fly's eye lens (or
microlens array) as an optical integrator to form a secondary light
source as a substantive surface illuminant consisting of a lot of light
sources. Light beams from the secondary light source are incident to a
condenser lens.

- [0003] The light beams converged by the condenser lens illuminate a
mask with a predetermined pattern thereon in a superposed manner.
Light having passed through the pattern of the mask travels through a
projection optical system to form an image on a wafer. In this manner
the mask pattern is projected (or transferred) onto the wafer as a
photosensitive substrate to effect exposure thereof.  The pattern formed

on the mask is of high integration and a uniform illuminance

.-. 1 -"
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FPO6- 0501-00 distribution nust be achieved on the
wafer in order to accurately transfer this mcroscopic

pattern onto the wafer. [0004] Furthernore, attenti OB P06-0501-00

is being focused on the technology of formng the
secondary |ight source of circular shape on the rear
focal 5 plane of the fly's eye | ens and changi ng the
size thereof to vary the coherency a of illumnation

( GistAibYsion. Hhadehe a@ﬁm@@daﬁﬁrg&?’é SwaftrOR POy {3%( to accurately

di aneter of a projection optic system or

e | um nation
’ﬁlafnsfé[ﬁﬁls iis, sbS?ic n@zﬁ’t@ix}n(‘j%ﬁo%eéwafek

opti cal systentent nunerical aperture of

t ne004 PiFesftiePmore! 'a&éhtléﬁsfseﬁh ég "foéﬁ%d bﬁ”thelQechnolo y of
attention 1s also focused on the technol ogy of form ng

t FSrRREL Ak ¥ cond it 11%1@9 566 ofiRiuddr SWAREoArthe rear focal
quadrupol e shape on the rear focal plane’of the fly's

eytanee0f the flyRr eye 1eRs ARPthanfintothes shirdthieeel tbndary the
power of the projection optical system D sclosure of
t ehérereyt iorofl SllHnthheoht gcbezaﬁm veddinmetee bfivent aperture
[0005] In this case, in order to accurately transfer
t bplpapid shiamieter qsfad pesjectibntdigica slysiem,cont bevaled erexit-side
it 1s necessary to adjust a light 1Intensity

dinatneriosl i aperifire hef sa&noﬂhnnmdt1oghtq§tmﬂlceysﬁtenﬂedtrance side
the rear focal plane of the fly's eye lens, i.e.
pnpidericah aperteredicdt the uriogection ropicad pyﬂdm)er rim a:ﬂdltlon
| um nance distribution formed on the illum nation
pefientiopl ianalsotiocased i ¢hie dhelpeolagy ob farthing teackcondary
pupi | lum nance distributions about respective points
olighhesonate rofagnanlar relapeunt apmdropole shapemabedean focal
bei ng al nost_ uniform |If there |s variation in

uplansr of the flyfs efie lpupite improwartbe diipthra bﬁquér@chtesolvmg
respectlve points on the wafer, 25 the line width of

t BOWSAI: éhﬂmpjelcn@arqptméémtm upon positions on the
wafer and it wll result in failing to accurately

t Diselpsure pE the dnyentione
- Problem to be Solved by the Invention

[0005] In this case, in order to accurately transfer the microscopic

- pattern of the mask onto the wafer, it is necessary to adjust a light

intensity distribution of the secondary light source formed on the rear
focal plane of the fly's eye lens, i.e., a pupil luminance distribution with

a predetermined luminance distribution formed on the illumination pupil

| plane, to a desired shape and to adjust each of pupil luminance

distributions about respective points on the wafer as a final surface to be
illuminated to being almost uniform. If there is variation in uniformity
-of the pupil luminance distributions at respective points .on the wafer,
the line width of the pattern will vary depending upon positions on the

wafer and it will result in failing to accurately transfer the microscopic
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-2 FP06-0501-00 pattern of the mask in a desired line
w dth across an entire exposure region on the wafer.

- [0006] An object of the present invention is to FP06_0501_00

provide an illum nation optical apparatus capable o

adj usting each of pupil lumnance 5 distributions at
respective points on a surface to be illumnated to

bei ng al most uniform while maintaining or adjusting

a C [ [ :

AT Bel 1S e I WAIPUIAE ol gt cxposr

oﬁ.e%ila)%&;ﬁ.?@waféﬂjventi on is to provide an exposure

appar atus and exposure net hod capabl e of accurately

tgao%]em 0Bkt T HeChRIEAP IbvarRdE It P prévitBsdn ilfuination
desired linew dth across an entire exposure region
_O%Pﬁc_al PAEPABANS| Edpabls UFt hdj@stinS! 8schaNef pupil luminance
il fum nati'on optical apparatus cadpabl e of maintaining
odigteibusiond it #8spddtii® peites onth stiFfhbeltod ®R idingingitdd 8 Being
to be illumnnated to being al nost uniformand capable
otlmditstniformdy piwhile mmdncaniligst o batjismeatan  illuminance
respective points 15 on the surface to be 11l um nated

t digigbotioal omshe unirfavento Meaiilurhiat&d ltei gng helnssiblirgifiorm.
[0007] In order to achieve the above object, a first
agpeitheofolijbet pfettentpresentemventiqur dyi theprawide an exposure
illum nation optical apparatus for illumnating a
sappamatus arde expbamienaethodwicapatael ofraccoestely oansderring a
l'ight source, 20 the illumnation optical apparatus
camprossiopic pattein ofi s madkuin andésired hnenwidih dcnoss an entire
formng a pupil lumnance distribution with a L
p Espesweniagion |antd raphetasessitivesibsirate, asing an illumination

~illum pation pupil plane; and an adjuster for

i Aptipelh apparajus djapebla @femantainipgppr adimstingga 1lbgminance
di_strij buyti ons abouyt resgeqt ive points on the surface
t disabutipnamatssafacedecpeillumisated) issbeingnalmest uniform and
plurality, of, adjustnent surfaces ,ea,%h . . .
capable of adjusting pupil luminance distributions at respective points
on the surface to be illuminated to being almost uniform.
Means for Solving the Problem
[0007] In order to achieve the above object, a first aspect of the présent
invention provides an illumination optical apparatus for illuminating a
surface to be illuminated, with a light beam from a light source,
the illumination optical apparatus comprising:
pupil distribution forming means for forming a pupil luminance
distribution with a predetermined luminance distribution on an
illumination pupil plane; and

an adjuster for independently adjusting each of pupil luminance

'_ distributions about respective points on the surface to be illuminated;

* wherein the adjuster has a plurality of adjustment surfaces each

-3 -
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.independently adjusting each of pupi

-3 FP06-0501-00 of which is disposed in an optical
pat h between the pupil distribution form ng neans and

the surface to be illum nated, and wherei n each of tPP06-0501-00

adj ust ment surfaces outputs light with a |[|ight
intensity distribution different froma I|ight
intensity distribution of 5 incident light. [0008] A
second aspect of the present invention provides an

| b uphiat isoaisfja_%{e& gh APRMLREY e beltie b that hisi] Aistribution

surface to be” illumnated, with a |Iight beamfroma

| iFhhi cafls ahd/hk IsuvfceabiNilRphingded, anriar at us

conprising: 10 pupil distribution formng neans for
form ngwhepeil bathindhane eidjditpleritbstidfaceswotitputs light with a

. predeterm ned | um nance di Stribution on an

| lipheimehkiep dseibutidpditferent ﬁ&ﬁn&ﬁli%ﬁf fttehgity distribution of
uni nance

dirsdidebtliglns about respective points on the surface

to be illum nated; 15 wherein the adjuster has a

p[0068) By sécoad] uagpenit ofurflrcepresenh imfentiorehprsvides an
di sposed in an optical path between the pupil
dildumitmtioronoptioali apparatus ford ilhenmatingceat subface to be
illum nated and has a predeterm ned transmttance
dildumimated pwithra Hght beannfremmiadighitsouies, and wherein

the plurality of adjustnent surfaces are |ocated at

20 r esptut illmiasion opiscali dpfparatus donoprisiagh ot her

al ong an optical-axis _direction of the illumnation,

opt i cal pappatistributiqrofogning meang fos ferming atpupil luminance
present .invention provjides an jl]lumination, optical
agistributions owith| |aunpresdatergninedur lsgimanse palistribution on  an
illumnated, with a |ight beamfroma light source,
2dlymanation pupddlane:and cal apparat us conprising: a

first adjustnment surface isaose in an optical .ﬁlth.
bet weenaB@@djuster for independently adjusting each of pupil luminance

distributions about respective points on the surface to be illuminated;
wherein the adjuster has a plurality of adjustment surfaces each
of which is disposed in an optical path between the pupil distribution
forming means and the surfacé to be illuminated and has a
predetermined transmittance distribution or reflectance distribution, and
 wherein the plurality of adjustment surfaces are located at
respective positions different from each other along an optical-axis
direction of the illumination optical apparatus.
[0009] A third aspect of the present invention provides an illumination
optical apparatus for illuminating a surface to be illuminated, with a
light beam from a light source,
- the illuminat_io_n optical apparatus éompriéing:

a first adjustment surface disposed in an optical path between an

-4
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-4 FP06-0501-00 illum nation pupil plane of the
illum nation optical apparatus and the surface to be

illumnated and in an optical path on the |ight SOUr §806-0501-00

side wth respect to a conjugate plane optically
conjugate with the surface to be illum nated, and
having a first transmttance distribution or first 5
reflectance distribution of transmttances or

rqﬂhﬁﬁh@ﬁaﬁm&ﬂ fRBROof BfC AlsnTtatich idpticdeMParatus and the

positions; a second adj ustment surface drsposed in
t RerfRkitede AdihindedweRNid b8 d tida[fgﬁg‘i oRNthRUREAt fh@ee side

and t he surfaceto beiIIu_mna _ed in an_otlcal

PaYith @Bspdee 16 W E@giachit PRmiel dptiedIRt ednRigdee Withhthe surface to
respect "10 to the “conjugate plane optically conjugate
Wibjieh ilﬂlﬁlﬁiﬁatéﬂ,a%d ‘Plabﬁ_lg id |ﬁi@’t ft?drﬁﬂnit@i‘ﬁehdi@nﬁbuﬁon or first
second transmttance distribution or second

r ekflectanne e diktsibutiowt i o teAndrnataivett ancesfloctances different
reflectances different according to incidence

pastoiding to[iffitlkhcé positidns; aadect of the present

i nvention provides an illumnation 15 optical
appar at as stoond | hdjastmentgsarface f disposed ben the optical path
illumnated, with a [|ight beamfroma |ight source,

t betweenthaalluminefioh gaipihpianatnd thenurifaientp ba iliunsinated
adj ustment surface disposed in an optical path between
aandiihl ambpticalopatbug the barfacefottesillumindted sidn with respect

~optical apparatus and the 20 surface to be

i to uthienaosgugatd planen aptidatlyl conjugata with | thghisustagecto be
side with respect to a conjugate plane optically :
c bihpmdaatedwiand haneingua fsgcendotranymittanae distebutigndor second
having a first transmttance djstribution or first

r seflectaner e dintgbutipn: idn teansmidisases t ohcselleptances  different
refl ectances different, according to incidence angl es;
afgconsling d@ dacidenes POSHONS. sur f ace di sposed in the

HROEG) AL Roulity asmectat theresent mvention provides’an Murhihation
optical apparatus for illuminating a surface to be illuminated, with a
light beam from a light source,

the illumination optical apparatus comprising:
a first adjustment surface disposed in an optical path_between an
illumination pupil plane of the illumination optical apparatus and the
| surface to be illuminated and in an optical path on the light source side
with respect to a conjugate plane optically conjugate with the surface .to
be illuminated, and having a first transmittance distribution or first
reflectance distribution of transmittances or reflectances different

-according to 'incidehce angles; and

| a second adjustment surface disposed in the optical path

‘between the illumination pupil plane and the surface to be illuminated

- 5_ :
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-5 FP06-0501-00 and in an optical path on the
surface-to-be-illumnated side with respect to the

conj ugate plane optically conjugate with the surfaceprppg-0501-00

to be illunminated, and having a second transmittance

di stribution or second reflectance distribution of
transmttances or reflectances different 5 according

to incidence angles. _ [0011] A fifth aspect of the
Pra@geiRt ath 6}’)@1’&&1 Pﬁtfp_bﬁ\th_é' earfteltbl b Madiffteduilé edth respect
apparatus for ifTlumnating a surface to be

| lth utehadcifugiitet blane | dpstitalBeagprijngatea withhthes QuifRe to be
the illum nafion"optical apparatius conprising: 10 a

f iilaimiadieds taikhhasing acsecdngpragsmittaide dixtribatiopadbh second
between an illum nation pupil plane of the

i Ireflettaate odlistpibution apharahsmitendesher sofleemacts Oeferent
illum nated, and having a first transmttance
diastordingitorinoidenteraniglesef | ect ance di stribution of
transmttances or reflectances different according to

i 100 HiEhde fifds iaspectsof el pidseat dpeentior ¢jrosidesmn illumination
surface disposed in the optical path between the

i loiptacah appanatpapfdr plumnatmg ahsurdacd 4o e ollbminated, with a
illumnated, and having a second transmttance

dilight beam tiwmom lsghieuireef | ect ance di stribution of
transm ttances or reflectances different according to

i nci dentle pbaminaiten opticahappraratus ¢ombrisingim si ze at a

| ocation where _a light beamto arrjive at a

pr edet eBnfiiisé@dpsitmens surfase slispessd incam epticalipaibapeisveen an
passes through '

difipeieafion rﬁ%ﬁlhtpqae@qaitorfié@ﬁﬂﬁrgtmggn Z)lfqrtlf@g ?api@;f@mé ragid the
e T B e s, BSOS LD P 50
o e e UBRnR QLRPEEICENOF LI gRRhohe Ororp igetandes different
according to incidence positions; and
a second adjustment surface disposed in the optical path
between the illumination pupil plane and the surface to be illuminated,
and having a second transmittance distribution or second reflectance
distribution of transmittances or reflectances different according to
incidence posiﬁons;
wherein a light beam size at a location where a light beam fo

arrive at a predetermined point on the surface to be illuminated passes

- through the first adjustment surface is different from a light beam size at

a location where the light beam to arrive at the predetermined point on
the surface to be illuminated passes through the second adjustment -
~ surface. | |

[0012] A sixth aspect of the present invention provides a method of

._6'__.



10

15

20

25

-6 FP06-0501-00 adjusting the illum nation optical
apparatus of the first aspect to the fifth aspect, the

adj ust nent et hod conprising: a pupil |umnance FP06-0501-00
I

di stribution calculating step of calculating 5 pupi
| um nance distributions about a plurality of points on
the surface to be illum nated, based on design data

of the illum nation optical apparatus; a distribution

deidgusﬂhmﬁ% tige SlemiRitistebptichhapsaraaubf 81 first aspect to the fifth
transmttiance distributions or refl ectance

diggpectutions to be given to the 10 respective
adj ust mrent surfaces, in order to independently adj ust

each of theheljustpidnt methodesmptising:but i ons about the
plurality of points; and an adjustnent step of form ng
and pl aad pupthdimihandee distvibaiticny calfulating ssteprof calculating
surfaces with the respective required transnittance

dipatpil bhamimarsceodistiebiieonsabeutaspluirhlityi ofi poirits ¢r0iSkurface
A seventh aspect of the present invention provides a
méohbd Blumimitedt based hen i désign ndataoof dhei dhimination optical
apparatus of the first aspect to the fifth aspect,

t lPpatist nrent net hod conprising: a pupil |umi nance

di stribution nmeasuring step of nmeasuring 20 pupil .

| uni nande disxibntioni offerponinga sepr adt t detsrnpoing s required
the surface to be illumnated; a distribution .
ddransmitiange shistsibwtionst ey reftlactangesdistiibuations to be given to the
transm ttance distributions or reflectance .
ditespeabiMe slstrae%w%w, B arfer to sagepandgatly adjust each of

RS S G A TR W) 0

o el SR BOLei o S VoL EenL D 8 oL O ey
of adjustment surfaces with the fespective required transmittance
distributions or reflectance distributions. |

[0013] A seventh aspect of the present invention provides a method of
adjusting the illumination optical apparatus of the first aspect to the fifth
aspect,

the adjustment method comprising:

a pupil luminance distribution measuring step 6f measuring
pupil luminance distributions about a plurality of points on the surface
to be illuminated;

a distribution determining step of determining required
transmittance distributions or reflectance distributions to be given to the
respective adjustment surfaces, in order to independently adjust each of
the pupil luminance distributions ébout the plurality of points; and

an adjustment step of forming and placing each of the plurality

-7 -
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-7 FP06-0501-00 of adjustnment surfaces with the
respective required transmttance distributions or

reflectance distributions. [0014] An eighth aspect ofgppg-0501-00
g

the present invention provides a nethod of adjustin

the illum nation optical apparatus of the first aspect
to the fifth 5 aspect, the adjustnent nethod
conprising: a pupil lum nance distribution acquiring

st afjuspssiit! isigfaeePi With UtHenaessedtvi ricduirednsratighitance
a plurality of points on the surface to be

| | digtritnai@k olfefRetany distdibations.st ep of approxi mating
each of the pupil |um nance distributions about the

pl [@mugtAnca‘ighﬂi atpectafuiheeprdsent evertidi prdwidesaneethod of
di stribution acquiring step, by a predeterm ned
paldjostii@thad hamingtidr opticil @ppiratusoef thenfitse aspectt toethe fifth

illum nation pupil plane; 15 an eval uati on step of
“ewaspeat,i ng the pupil |um nance distributions about
the plurality of points by a pupil |um nance

di st ri bithe adjystiemd methodsccamprisiig:on of i mage- pl ane
coordinates and the pupil coordinates on the surface ]
to be ild pupildusdnanes distoibutionea¢quiriog stepfof acquiring pupil
respective ternms in the predeterm ned polynonmal; 20 a
stluminanehdigtribug ons abous|aapluelite ofigurintshen the surface to be
transmittance distributions or reflectance

dilBemipatadons given to the respective adj ust nent

surfaces and changes of the pupil |um nance .
di stri b@i GPProxmeaiion hefepl Of aRpPyO>dmatisigiteacha of the pupil
f oiet erm ni.ng requj rgd.
gralityr pé paiptse acquired in the

di.stri bution determ ning step

2BURBARGR CHsiFbmtSt Abokk tan ]

di strjbutions to pe given to the respective )
aaaqpéi H@@FPaéﬁ%tFl%uﬁm@r REQHEINEn RN dent By Prefletermined
each o

poiyn(f)mial as a function of pupil coordinates on the illumination pupil
plane;

an evaluation step of evaluating the pupil luminance
distributions about the plurality of points by a pupil luminance
distribution polynomial as a function of image-plane coordinates and
the pupil coordinates on the surface to be illuminated, based on
coefficients of respective terms in the predetermined polynomial;

2 step of obtaining a correlation between the transmittance
distributions or reflectance distributions given to the respective
adjustment surfaces and changes of the pupil luminance distributions
‘about the plurality of points; |

a distribution determining step of determining required

transmittance distributions or reflectance distributions to be given to the

| respective adjustment surfaces, in order to independently adjust each of

-8-
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-8 FP06-0501-00 the pupil |um nance distributions
about the plurality of points, based on a result of

the evaluation in the evaluation step and the FP06-0501-00

correlation; and an adjustnent step of form ng and

pl aci ng each of the plurality of adjustment surfaces
with the respective required transmttance 5

di stributions or reflectance distributions. [0015] A

nithé bupsitieeinghcé BseiRERMs dBD(RThe PluRllRY Sfesoiats, based on
met hod of adjusting an illum nation optiCal ‘apparatus

f arrcbgh HfAe @vAlRitlon Inufien@ntation sfedpPand e YoirBlaion; and
predeterm ned | um nance distribution on an

i 11 um nahi atjustepént stepnsl forniihg ek pacihg @achabl tHeepharality
froma light 10 source and for illumnating a surface

t ofbedjusttennagedaced twith Ithghtespeetivef requiréé mapkmittance
| um nance distribution, the adjustnment method

c digiribsitiogs oz rpflpctance distaibagiotisst ri buti on -acquiring

step of acquiring pupil [umnance distributions about
a[@0 15 A nynthf agmeottaf tre tpresentrfiveation preovidds a method of
illum nated; a distribution deternining step of

datdprsting ran r dhuinieationt r aptioalt tapparatiiss tor b formmsg oa - pupil
reflectance distributions at a plurality of positions

i lnmimawe distribation ovith e preédetermimddlimmanscg] distribution on
apparatus, in order to independently adjust each of

t o ibwshinationi papid eplanston fheikasis of (e dghtitbeama from a light

plurality of points; and an adjustnent_step of_ formng.
- esewrcsf and plorr dluminaging, @) suitaesito beitlususatad, nwithea light

rgspec ive requi,rffd transm ttance distributions or
r Bepckrgnt thegpupil lwainanes distriputiening t he adj ust nent
surfaceg at _the plurality of pgsitions. 25 [0016] A
tenth a Justmenemstaae ROMMVERET on provi des an
exposur e apfﬁ; atus co ri.ﬁi ng the ilLlum nation ., .
opt i cal @4PpAt SimEnagice; gistitbylden acquiring step of acquiring pupil
luminance distributions about a plurality of points on the surface to be
illuminated;
a distribution determining step of determining required
transmittance distributions or reflectance distributions at a plurality of
positions in an optical path of the illumination optical apparatus, in

order to independently adjust each of the pupil luminanée_ distributions

about the plurality of points; and

an adjustment step of forming each of a plurality of adjustment
surfaces with the respective required transmittance distributions or
reflectance distributions and placing the adjustment surfaces at the

| plurality of positions.

) .[0016] A tenth aspect of the present invention provides an exposure

~ apparatus comprising the illumination optical apparatus of the first .

9.
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-9 FP06-0501-00 aspect to the fifth aspect, or an
illum nation optical apparatus adjusted by the

adj ustment et hod of the sixth aspect to the ninth gpgg.0501-00

aspect, the exposure apparatus being adapted for
projecting a pattern of a mask illum nated by the
illumnation optical apparatus, onto a photosensitive
5 substrate to effect exposure thereof. [0017] An

elagpedt o eap€dth afpddie op @SHNImInNtR bptichl dejé)ﬂ‘%@u@ﬁdjusted
exposure nmethod conprising: an illum nation Step of

| byuthenatljurgment masthod bl thbesikt aspedt iothortihtahspect, the
apparatus of the first aspect to the fifth aspect, or
wieikkposirel bppatatas ibeing pidapaéd dopasrefetsiradiaupatemb it denask
10 adj ustnent nethod of the sixth aspect to the ninth
ashentinateddythe élposnatios toppical apparatas,i ogtoaa phictesensitive
of the nmask onto a photosensitive substrate to effect
espbstuate toredfextfexpBiiieecthenéof he | nvention [0018] The
illum nation optical apparatus of the present

i BO@hT] dm heleventh t aspeatij 0§t the f present ejroredtion yprovides an
adj usting each of the pupil |umnance distributions
alBBposites prethpdecomipnissngin anhdlwnifadiom wsteppeof illuminating a
illumnated, .e.g., a plurality of adjustnent surfaces
esgskowithhthe) idumination i apticali apparatusi efhthe dirshaspsct to the
distribution different fromthat of incident |ight.
ThdHepspect, ohevipeanilgmisptioncopticalaapparatss adjusted by the
adj.ust nment surfaces ich 20 this adjuster conprises
cAdMstmenh angigt afuthe Sixdy @speetate e nirthpaspect; and an
I um nance distributions at respective points on, the

sEXPaREC YR O RIOYRFHIR LRATIEN Y W Bagsanton pbp?ﬁsensitive
AR R GAh ERRESWE SRR o be 11| uni nated fo bei ng
¢ FReis of Be BVt LSt 25 cach of the pupi 1 I am nance
T b2 Sa ISR SE L Sredat 258nton e
"Bl b8 independently adjusting each of the pupil luminance
distributions about respective points on the surface to be illuminated,
e.g., a plurality of adjustment surfaces each of which outputs light with
a light intensity distribution different from that of incident light.
Therefore, the operation of the plurality of adjustment surfaces which
this adjuster comprises enables the apparatus to adjust each of the pupil
luminance distributions at respective points on the surface to be

illuminated to being almost uniform, while maintaining or adjusting the

illuminance distribution on the surface to be illuminated to being almost

 uniform. The present invention also enables the apparatus to adjust

each of the pupil luminance distributions at respective pbints on the

surface to be illuminated, to a desired distribution while maintaining or

~10 -
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-10 FPO6-0501-00 adjusting the illum nance

di stribution on the surface to be illumnnated, to a

desired distribution. [0019] Since the exposure FP06-0501-00
apparatus and exposure nethod of the present

invention use the illum nation optical apparatus

capable of 5 maintaining or adjusting the illum nance

di stribution on the surface to be illunm nated to being

al atpasting ithe i Huaidased ditebotiondon she Rarfhe toPbeiilluminated,
| um nance distributions at respective points on the

subfaadesitar] detribbiign nated to bei ng al nost uni form

they are able to accurately transfer a mcroscopic

pd00¢Ph Sifica thes kexiposard esppagdtusi aadwiestpbsay aastlwd of the
entire 10 exposure region onto a photosensitive

s\rssert mwention ruseuthe illamimatiohaopticel gpp@iraiesi capable of
wi th high accuracy. The exposure apparatus and _
expastaiaing droatljusting ¢hprilseninanoe ehstributiore oal the surtface to
to accurately transfer the mcroscopic pattern of the
miek illuminatedi toebeirighalmiogt nifrno swdacapabler ef adjusting the
exposure region onto the photosensitive substrate, by
1pupdl lsninapcsadistabutions phpespectivienpeings dins the isurfacado be

~at_respective points on the surface to be

i ifluminateddo being almwst saitoret itheyitareablhto eccurately transfer
mai ntai ni ng, or adjusting the illumnance distribution
0§ MRFOSEPPKcRAtYN Gbaimaskhihatdasiredoline weith @gross an entire
di stribution, BRI EF DESCRI PTI ON . OF THE DRAW NGS 20
[ G&pOFuLS Jegion sontadravwphotosenukixei shbsifatehcamithg iantum, to
over al confi gur at.i on qQf ap.exposure apparat us
alRPHRRBITE Eoal @aises math high a‘t‘%%)’-es&%@ GXRASHLS 8Rparatus
Fig., 2 is a draw hematically show ng, a
c S SRosurs methad BIEF Aressnt dpvéntian Areflsoble dpiassurately
filters j;n the enbodinment. 25.F g. 3.is a draw ng.. .
o LS G R FCERRigARAG BANER IS gnask iana fiesitb dine widh
distributions given to a ioai r ftﬁorre%ti on.fil teBs.

aCross an entire exposure region onto the photosensitive substrate, by

adjusting each of the pupil luminance distributions at respective points

on the surface to be illuminated, to a desired distribution while

maintaining or adjusting the illuminance distribution on the surface to
be illuminated, to a desired distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Fig. 1 is a drawing schematically showing an overall
| configuration of an exposure apparatus according to an embodiment of
the present invention. |

Fig. 2 is a drawing schematically showing a configuration and
‘operation of a pair of correction filters in the embodiment.
Fig. 3 is a' drawing schematicaﬂy showing an example of

transmittance distributions given to a pair of correction filters.
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-11 FPO6-0501-00 Fig. 4 is a drawing schematically
showi ng anot her exanple.of transmttance distributions

given to a pair of correction filters. Fig. 5is a Fppg-0501-00
l e

drawi ng schematically showi ng a nodification exanp

using a pair of correction filters with transmttance

5 distributions of transmttances different according

to incidence angles. Fig. 6 is a drawi ng schematically
showi ng Eigeldid acdiawing hempticallsi sovivig eanotli¢greexafiple of
filters wth transmttance distributions of

t rteansmittancead sibdtemsrgivan toradpaig of eormetidaniikers.
positions. Fig. 7 is a drawi ng showi ng cross sections

of an orFigxi§ s ghtdratinpeachemdtieallpf shewirg | 4 ghtodification
beam passi ng t hrough each of the correction filters

i rextaneplepdiigingat & opagx aopl eoofeckion. fltefs gwith i sramsmittance
flomchart schematically showi ng steps in an

adlissthdiansnef transmittardes diffaténdracoprding] todppidemcasangles.
according to the enbodiment of the present invention.
15 Fi g. Hgi s6 aisdraavdrayisghechamatically sslowing saa modification
configuration of an apparatus for nmeasuring pupil

| exenaHedising thiesurarseticb Slferpwithatrangmiittarceodisiributions of
surface to be jillumnated, Fig. 10 is a draw ng

s drammitieacey diflersnt gceorsling itg imeidenee ppsHiPNsappar at us

for neasyring.an |llymnance distribution on_a surface_,
to be X08i [/] itndrewdng showing ¢rps§ JacHNesef an on-axis light
steps in an dj u trregt t hod

schemati cal | y_showi a ]
-G AR ALOR-pe St deasn pagsing drepgh wac i GRRection

S iRG® oTRARN SO GRGR B ane. 25

opti cal Tdgatnts P pllonsHRst e E G iipein an

Ofadﬁrt?s Prfe% trlﬁreﬁ{](gd of illumination optical apparatus according to the
embodiment of the present invention.

Fig. 9 is a drawing schematically showing a configuration of an
apparatus for measuring pupil luminance distributions about plural
points on a surface to be illuminated.

Fig. 10 is a drawing schematically showing a configuration of an

“apparatus for measuring an illuminance distribution on a surface to be
illuminated. |

Fig. I1 is a flowchart schematically showing steps in an
adjustment method according to a modification example of the
embodiment of the present invention.

Fig. 12 is a drawing to illustrate a relation among image-plane

coordinates and pupil coordinates in a projection optical system.

Fig. 13 is a flowchart of a technique of manufacturing
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-12 FPO6-0501-00 sem conductor devices as
m crodevices. Fig. 14 is a flowhart of a technique of

manuf acturing a liquid- crystal display device as a Fppg-0501-00

m crodevi ce. Best Mddes for Carrying out the Invention
5 [0021] Enbodi nents of the present invention will be
descri bed based on the acconpanying drawings. Fig. 1
is a drawi ng schematically showi ng an overall
cahmigonductor ddvieds &xpastodevaggar at us according to

an enbodi nent of the present invention. In Fig. 1, the
Z-axi s iBigsd# isad dlugvehatt o€ e techndjua ofienambfatturing a liquid-
waf er W being a photosensitive 10 substrate, the
Y-ayital displgy aledicesas 2 onicpadevicel to the paper of Fig.
1in the surface of the wafer W and the X-axis al ong
a Bestddiddes ﬁm-r(r}arrymg dinethppheventioki g. 1 in the

surface of the wafer In Fig. 1, the illum nation
od0023] BEppadamests ef zihc grgsetitt mviempioananll bodestribed based
circular illumnation. 15 [0022] Wth reference to

Fign the aceoroppayinge deppingst ustigh 1his prdweving schematically
enbodiment is provided with a _light source 1 for
s heWinga epeall eonfiggration of emaxposure pppaaus Feeording to
i ght source 1 used herein can he, for exanple a Krk
el AEbadiment | gigthe prracat m@sen‘ré@@m wmiga ilg eoZ -34i@ is set
wavel ength of, 248 fnm an ArF excingr Iaser lig

RS 3 gHregiinn wing narmalgie Hfwa \mné&ga rphsxtoae;@nwe
'nm or the |i ear | y par all el beam em
a|88h§ gife the aﬂ&@r Al p%ql §8Jh§d’apeﬁd§ft Elg lin

TR e
5”21@‘3&? Goob Fitne ﬁ%'nﬂ& Seficpaobihnavele’ SZJ%?@ige-‘”ﬂ the
r d géﬁﬁbpﬁap&%\%e%l %EOSI AN ref r]?x(@e%erﬁ normal circular
illumination.
[0022] With reference to F ig. 1, the exposure apparatus of the present
embodiment is provided with a light source 1 for supplying exposure
light (illumination light). The light source 1 used herein can be, for.
example, a KrF excimer laser light source for supplying light of the
wavelength of 248 nm, an ArF excimer laser light source for supplying
- light of the wavelength of 193 nm, or the like. A nearly parallel light
beam emitted along the +Z direction from the light source 1 has a cross
section of a rectangular shape extending oblongly along the X-direction
and is incident to a beam expande“r 2 consisting of a pair of lenses 2a

and 2b.

| [0023] The lenses 2a and 2b have a negative refracting power and a

positive refracting power; respectively, in the paper of Fig.' 1 (YZ
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-13 FP06-0501-00 plane). Therefore, the |light beam
i ncident to the beam expander 2 is expanded in the

paper of Fig. 1 and shaped into a |ight beam having #pgg-0501-00

cross section of a predeterm ned rectangul ar shape.
The nearly parallel 1|ight beam havi ng passed through
t he beam expander 2 as a shaping 5 optical systemis
then deflected into the +Y direction by a path folding

mplane). anfhekdorgitherlightabedm invidetahtoatl beamcexpander 2 is
optical element 3 for circular illumnation to enter

a expamdedns the paparnéf E?el sindf stexpedf into aﬂighbbéhm kaving a
eye lens 5 is positioned near the rear focal plane of

t hrogosentidreof apredSefMdR] réctangular shape. dilfhermezriywparallel
optical elenment is constructed by formng steps at a
pilight beamohavimagepgsseduthirought the bearal exparnderf 2 tasea shaping
exposure light (illumnation Iight) in a substrate,
araptioah systens is chenlidefleatstd mtoithei-t¥rdir¢dtyint byempatit folding
desired angles. Specifically, the diffractive optical
elmeireor agd dhexeaifies travelp shedugh aldigiactienoptitaliglement 3 for
rectangul ar shape incident along the optical axis AX

i wirsudanilieningiton {0 gnterezaoanlensgdta Amestrenee isurfase of a
a cjrcular shape. The djffractive optical elenent, 3

i NP dHge @ye deme S1ip positionpsbneaythenicgr decalalane oddhe zoom
from the illumnation optical path and to be

rdeftafteabl e with another diffractive optical elenent

A e e B bl o RB  Bon?eica by
SRR e BBl TR BB, il e
oSN AR, T Ao 1
YR BATERIBLY, OLTRENR. TR ghET CISRSSBlLy. e
Zﬁgﬁg{é&ﬁﬁ: :c%gjﬁ%;c%'\/aetlﬁ%@tn% Ot NEY apoalg'gllérl %}gchqi_'?a%’am of
rectangular shape incident along the optical axis AX, into a divergent
light beam having a cross section of a circular shape. The diffractive
optical element 3 is arranged to be freely inserted into or retracted from
the illumination optical path and to be replaceable with another
diffractive optical element for annular illumiﬁation or diffractive optical
element for quadrupolé illumination. |
[0025] The micro fly's eye lens 5 is an optical member comprising a lot
of microscopic lénses (optical elements) aﬁanged vertically and
horizontally and densely. In general, a micro fly's eye lens is
constructed, for example, by simultaneously forming a number of
microscopic optical surfaces in a plane-parallel glass pléte by applying

.t_he MEMS technology (lithography + etching, etc.). In this way, the
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-14 FP06-0501-00 |I|ight beam having passed through the
diffractive optical elenent 3 travels through the zoom

lens 4 to form for exanple, a circular illum natiorEpoe-0501-00

field centered on the optical axis AX, on the entrance
surface of the mcro fly's eye lens 5 as an opti cal
integrator of the 5 wavefront splitting type. [0026]

The size of the circular illumnation field forned

helighth beane havifig palisadetiaougheteofdiffractivs drivindeleghent 3
upon the focal Iength of the zoom lens 4. The |ight
beavélsctltenght thd heoomctensf 1dy'te Gyign) €08 Exdrdpleyoa circular
di mensionally split by a lot of mcroscopic | enses and

t hidluspinatiohi fleld ldenberads ohothe roggjvattaxie ABghonsthe eesrance
on the rear focal plane of the mcroscopic |Ienses
whwrfacehefithei neato Iflydhteywedensedt as san laptichl Sntematwar of the
a substantive surface illum nant of a circular shape

( heaeeivant splittingftypeed to as a "secondary |ight

source”) having a light intensity distribution
adPPa%i rehesizeafithe arcwlantlhwhingttor: fieklifenmed herein (i.e., the
illumnation field 15 forned by the incident |ight
betipmegen theraodr vames depepdinghpos the fagahdengtbnof the zoom
rear focal plane of the mcro fly's eye lens 5. [0027]

Lilgns 4oeakbe flighh berm siastdanirtp thegmickw flyte eye lens 5 is two-

~circular shape _forned on the rear focal plane of the
'<{z aﬁ@@gﬁﬁhr @ig

mensign s aslogref snisresqopie lensesugndgthe split light
¢ Rt darmzerectvenBent #aWSe 1% Aas mear cpeabplane cof the
P gie s L s g Mk s M ana the
'+ e bSlRE R ires Haiiard ot fcufershape (hereinafier
SRR LS RSSO BTSSR 2 T Cinensit
PR S LT S A TR
lcgﬁﬁﬁggrbSﬁHgﬁgm}&%t q&% B Yo nd Qlick %lynsaes;)ife Flded is formed
on the rear focal plane of the micro fly's eye lens 5.
[0027] Light beams from the secondary light source of circular shape
formed on the rear focal plane of the micro fly's eye lens 5 are subject to
focusing operation of a condenser optical system 6 and thereafter
illuminate a mask blind 7 disposed on a plane optically conjugate with a
| mask M (and the wafer W eventually), in a superposed manner. This
-results m forming an illumination field of a rectangular shape similar to
the shape 0f each microscopic 1ens forming the micro fly's eye lens 5,
.on the mask blind 7. A first correction filter 8 is located in front of the

‘mask blind 7 (on the light source side) and a second correction filter 9 is

 located behind the mask blind 7 (on the mask side). Configurations
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-15 FPO6-0501-00 and operations of the first
correction filter 8 and the second correction filter 9

wi |l be described later. [0028] The |ight beans havi f906-0501-00

passed t hrough an aperture (light transmtting
portion) of a rectangular shape in the mask blind 7

are 5 subject to focusing operation of an imaging

optical system 10, are deflected into the -Z direction

byind gpérativak difthenfirstatorredtibrt fdtee el tad thel desdndat@rection
the mask Mwith a predeterm ned pattern forned

t Htadhwillibe desttiledolas@d manner. In this way, the
i magi ng optical system10 fornms an i mage of the

r ¢0028p Wtwer lagietr heamofhaving mpaksed ithebuigtonan hapdrure (light
mask M supported on a mask stage MS. Nanely, the mask
bitramgnitting pxirtiond esf a fécthnpdeoshipe tethaimgslarblind 7 are
illum nation region forned on the mask M (and the
watibjectV tev docusihgy ppefade@o of Aan i iphagingaoptical mystems skl are
through the pattern of the mask M travels through a
pdeflectedomtopthieced disestiom by a patho felding imirger, aind Beereafter
15 mask pattern on the wafer Whbeing a photosensitive )
s ibaminate. thranesk Mtwithpapredetermingsl pattemy farmed thereon, in
rectangul ar .region on_the, wafer Wsupported on a

waf supeipeged vibassens I this saypothe timagieg eptdealngystem 10
illum natjon fielntg on the nask M In this way,

p&oras gn brage of thewertangulagapertieg pf the @@é{ biurffini’ on the
ek Spociaoona ek xEsk S, WNABEDudhe mask blind 7
oPERBSP ek ajomn B Srbin g an umeiiolpreiian fned,gn the
1Sk M EIERRUART W SRt Sh can be. i mpl erent ed by
2 Bl B BB R B L TR b i
CLEVEN th%ohghtahﬁrci)jlelz 15nﬁnoaﬁt.ic% s%%eirﬁ Eﬂ‘L RS tfgi*ngg image of the
mask pattern on the wafer W being a photosensitive substrate.
Namely, the pattern image is formed in a rectangular region on the
wafer W supported on a wafer stage WS so as to correspond to the
rectangular illumination field on the mask M. In this way, the pattern -
of the mask M is sequentially projected into each exposure area of the
wafer W by performing one-shot exposure or scan exposure while two-
dimensionally dfiving and controlling the wafer W in a plane (XY
plane) perpendicular to the optical axis AX of the projection optical
~system PL. |
[0030] It is noted that annular illumination can be implemented by

setting a diffractive optical element for annular illumination instead of

‘the diffractive optical element 3 in the illumination optical path. The
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-16 FPO6-0501-00 diffractive optical elenent for
annul ar illum nation converts the parallel |ight beam

of the rectangul ar shape incident along the optical Fp0s-0501-00

axis AX, into a divergent |ight beam having a cross
section of an annular shape. Therefore, the |ight

beam havi ng passed through the diffractive optical 5

el ement for annular illumnation fornms, for exanple,
andiffrhctivan aptienl efdredrdt fofr aamudanillanishinecosnies dee parallel
the optical axis AX, on the entrance surface of the -
miloght béarm ofethe teetandulaAshape éscident alomg decoptiealyaxis AX,
i ght source of the annul ar shape having the |ight

i ihtmaidiyergtretlightubéam leppingyd oeissl sectipnadf to darmatarnshape.
the annular illumnation field 10 forned on the

entheneteres dhé dighti tseamh having padsadh throsghethe ddtactive optical
plane of the mcro fly's eye lens 5. [0031] In o
addéemienh , foguamrulpo liBuniinatidon aforms, (fgenexanple, an illumination
multi-pole illumnation) can be inplenmented by

sdieldngf sanyianmuat ishepe pesrgared am?egﬁtopmalqamr 4p%) en the
illum nation, (generally, for nulti-pole 15

i [engFANGSt sarfapﬁcogon%ﬁg ngickd| BY'so€yaptans, or disheér result, the
illTumnatign) instead of the diffractive optical ]
elsépendary ﬁgllt $eUres o thet awntlapshape hating tsﬂﬁellght intensity

di f.fractjve optical elenent foy quadrupole . ..

i | 1%%%&%@15@%@%%&%3& 5@&%@ 31@ amiulge dyminatien field

rect anqul ar, shape i nci dent .al ong.t he tical axis ,

| HOERaR R s eniFaed Swans inapograd badhesent Brabpidne of

Zglgqua.dru lLe shape._Therefore, the |ight beans having

p %%#%E&@ﬁyefﬁé‘i Miffractive optical el ement for

q e iJlumnatiopn form.for. exanple, a .

PES T 2T adchidha rdhopglel: Shindiip el Sinetivy wHlti-pole

th Qpt . C axi on.th ntrance.surfa of . the .

itlaiRa6R) (G Mo gl by ] Nefiidea S Biesivg” optical

[ ur of ..th adrupol e .shape _havi 2 he .

| efihefy 6E; ekl Gp eI IE S el dat "agulti-pole

tk he . i i pat | onaf| :

X E@ﬁ%lg{x?lg%g éﬂ@ﬁ?ﬂ% @ﬁ%@eabé@ﬂo’f& &P0tHek ShfnfifhIES) Rltead of
the diffractive optical element 3 in the illumination optical path. The
diffractive optical element for quadrupole illumination converts the
parallel light beam of the rectangular shape incident along the optical
axis AX, into divergent light beams having a cross section of a

quadrupole shape. Therefore, the light beams having passed through

- the diffractive optical element for quadrupole  illumination form, for

example, an illumination field of a quadrupole shape centered on the
6ptical axis AX, on the entrance surface of the micro ﬂjf's eye lens 5.
As a result, the secondary light source of the quadrupole shape having
‘the light intensity distribution approximately equal to that of .the

quadrupole illumination field formed on the entrance surface is also
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-17 FP0O6-0501-00 forned on the rear focal plane of
the mcro fly's eye lens 5. [0032] Fig. 2 is a drawi ng

schematically showi ng a configuration and operationgppg-0501-00

of a pair of correction filters in the present
enbodi nent. In the present enbodi nent, as shown in
Fig. 2, the first correction filter 8 5 is located in
front of the mask blind 7 (on the Iight source side)
arfdrinled ors treoredr focalgsiane v ffthe teicrd fhedhiend 1édes mask
blind 7 (on the mask side). Nanmely, the first
cq0082i iKig. @i ist ardréwdng schensgvably slmwvﬁ? laogortfigtetioth and
are positioned at respective positions different from
eaperatiterofa pay oheorreptiondiliersiia ther ptseonentbodiment. In
illum nation optical apparatus. Each of the 10 first
cbhe gresent dmbodimentarmd shoavis én diig. 2othe dirsboorrettien Hter 8
has a formof a | ane-parallel plate and has a
t Aishecdted andeonk ef theootaskrblind 7t (camthe hghhs@s;rce 51de) and the
di fferent accordlng to_incidence positions.
déﬁ@@n(mcmqﬁqu filtey % bahisk they masksblindch (omthmmask side).
ron1 m oxi de, or the |ike |s forned as

e firsheomeetion fiarR and thesacond aﬂrmstlcptﬁtlm 9 are
surface of the first correction filter 8 on the mask
bPosHIones gk regpretivie ppsitioms diffgrsst from; ﬂ%Cl'Sé?é]@‘itdalong the
correcfion filter 9 _.on the pask blind .7 side. Nane
t RBt lsat 2%t diggeien of ghe {amination pBHEaLAPRATERS. ¢ eEacsh of the

mask e and the opti sur.f.ace
| %@S%%%ﬁeﬂ% %ﬂéﬁ'@?& BﬁaftﬁF {SEFON ceﬁrq%ﬁl@mﬁgrer Bihase %orm of a

ust ment surface 20 [ 00 33
g?ﬂefs'g%é Cfi e@tl FTI“ ] distriptipn  of

i g S RIS, S s -

B A R S,
i< e© )

D B Ny BGHA o ot

R e P e 8 417

hﬁﬁd Mo 'SAPRTEARE Selbill o ﬁftela9 on the mask blind

7 side. Namely, the optical surface of the first correction filter 8 on the

mask blind 7 side and the optical surface of the second correction filter

" 9 on the mask blind 7 side serve as adjustment surfaces.

[0033] Specifically, the first correction filter 8, as shown in Fig. 3 (a),

- has such a transmission distribution of a quadric concave pattern that

the transmittance is minimum at the center of the effective region along

~ the Y-direction and that the transmittance monotonically increases

‘toward the periphery in accordance with a quadratic function of distance
from the center, for example. On the other hand, the second correction

filter 9, as shown in Fig. 3 (b), has such a transmittance distribution of a
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-18 FP06-0501-00 quadric convex pattern that the
transmttance is maxi mum at the center of the

effective region along the Y-direction and that the Fppg-0501- 00

transmttance nonotonically decreases toward the

peri phery in accordance with a quadratic function of

di stance fromthe center, for exanple. 5 [0034] In the

first correction filter 8a difference between the

@Mm comves patteandeati thetthengraitiaer ¥ mbxiham at the center
ctive region and the mninum transmttance at the

coftthe effestive régionexilanp| the Yodit8otéorsl and thae theeengmittance

correction filter 9 a difference between the m ni num

t mosoiditieaite devreades wwamhehy péripheryeiif eaddovdance with a

region and the maxi mumtransnittance at 10 the center

| sjuselrati¢ funetiempf distancetfitoniNahe cgnterhforfaxasiple.

correction filter 8 has the transmttance

di[803#bdritha fofst chrregtiadriiltert8a diffesamcepbetveren thermhaximum

the second correction filter 9 the transm ttance

diteansinmittanee infthe periphess rofcthevs Feetiex regioneamd ths mainimum

result, the first correction filter 8 and the second

c &ranganittence iat the centasnis s, Fravexample, tarfdi andiie éhe s8cond

d| stributi ns conplementary to each other. [0035] In
serEscEoanllteriSai didferenes betpan she smirinsemsensmattance in

tance, bet n the first correction filter 8
éﬁ% Begiphgry Chahe pifectivesipgion @Iﬁh@ee@amaﬁm fangayttance at

S|de as_an adj ment film a blind 7 is

el CORST 18 S@Jc ﬁaﬁesmw@eﬁ) ii@oﬁr%wnon filter

f|| er 9 eci, I|cal 0 surfac her eof on

t ﬁe 75 ghe (U%&ﬁ %a@L 53&! .ﬁstﬁ%madm 0-§ARCRYfe pattern
ttentlon 0

d 7. NO
wAnd M Seohid fBReetiSh faiter 8 C ERi R }ﬁéﬂﬁpﬁﬂn of the

.ﬂuaﬁﬁﬁa%accz%‘f@& PRty or A #‘é%‘éam ﬁ?{%ﬁr Sﬁ%@c&l% ljgt 8 and

ofishobeirih b botiBefiafc dlgsnrg *sefd *lehite Gihecippsmittance

RSB O bR VL0, 2 o

At ﬁ?f)fﬂnh? thé Bf&tenP eflnbodlment, the apparatus is so set that a distance

between the first correction filter 8 (precisely, the optical surface thereof
on the mask side as an adjustment film) and the mask blind 7 is equal to
a distance between the second correction filter 9 (precisely, the optical
surface thereof on the light source side as an adjustment film) and the
mask blind 7. Now, let us focus attention on rays arriving at a center
point P1 as intersecting with the optical axis AX on the mask M as a
surface to be illuminated (or the wafer W as a final surface to be
illuminated), rays arriving at a point P2 a predetermined distance apart
in the +Y direction from the center point P1, and rays arriving at. a point

P3 the same distance apart in the -Y direction from the center pdint- P1.
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-19 FP0O6-0501-00 [0036] It is assunmed herein that in
a state in which the first correction filter 8 and the

second correction filter 9 are absent, a pupil FP06-0501-00
| um nance distribution about the center point P1, a
pupi | |um nance distribution about the point P2, and

a pupil lumnance distribution about the point 5 P3

all are uniformas indicated by hatched regi ons above

t §60Bo6} dt is assurmed iterei tHatringa istat&iig. wRichTtias fizstperirbction

| um nance distribution about a certain point on a

silterc® and the sddoudi catrections filtérf @ rare iabsent, i py ﬂLIUmmance

that a light intensity distribution forned on t

i Idistmibugitonoabpupithe meater potgP], shpupdauninaake pdhatrebutlon

of the mcro fly's eye lens 5) by rays arrivi 10 at

t aboupshetpadist BEi fandna HL@ﬂBh}memeodisynbhhoma%mut the point

correction filter 8 with the transmttance

diP$t ralbare cmiderm has doditated by dmtched regions mboyve the first

present, the pupil_. lum nance distribution about the

c ERTIECtioni ﬁltelpﬁ larﬁl@gé’s f That amapilihimiranceadistribution about

a concave pattern, the pupil |l um_ nance distribution 15
Bo@ﬁﬂalné)q;at N PSUE ﬁg@sbep idwininatedrisrnifoiatis erathing but

to an inclined attern, and the |I | um nance
athata bght élﬁteagmd?stﬁ@%mmfomse@ﬁ el lumpimaiioRepupil plane

i for patt rn.into inclined _patterp in ned in

¢ k& BopPecicat To %ldvnlaﬂﬁtq heamica g e Femé fhéy.rﬁga arriving
hmn of , I he, 0| nt P2, as indicated by hatched

é §%EW§€H‘?‘P§%flrst correction filter 8 and the

gﬁ@@ﬁoé’ﬁléﬁdﬁﬁa ﬁﬁ %?t%frmgg?m?ﬂ%”ﬁfteﬂ [V@@b? arﬂﬁrﬁz@ﬁgnttance
L e
d Lgnf%%qcswdaél”bﬁﬁﬁaeeﬁogi dhengeher i Eschan%q%s%f the
" hRLOER b f9a dils’ SR LY fﬁb@ i b“%ﬁmbuuon

bﬁﬂ&?ﬁ h@ Dol Pt cHAESCALA the uniform pattern into an inclined

‘pattern, and the pupil luminance distribution about the point P3 changes

- from the uniform pattern into an inclined pattern inclined in the opposite

inclination direction to the inclined pattern of the point P2, as indicated
by hatched regions between the first correction filter 8 and the mask
‘blind 7 and between the mask blind 7 and the second correction filter 9
in Fig. 2. | |

[0038] Namely, the adjustment film of the first correction filter 8
outputs light with a light intensity distribution different from that of
incident light, and effects the following changes: a change in light

intensity distribution from the uniform intensity distribution into a

- concave intensity distribution when a light beam to arrive at the center
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-20 FPO6-0501-00 point Pl passes through the
adjustnment filmof the first correction filter 8; a

change in light intensity distribution fromthe FP06-0501-00

uniformintensity distribution into an inclined
intensity distribution when a |ight beamto arrive at
the point P2 passes through the adjustnent film of the
first 5 correction filter 8; a change in |ight

i toins Pl ypaised thriouighothef adjustrhent filinfeff the fit@nsortattion filter
distribution into an intensity distribution inclined

i 18; 4 ehanpposi (ighdi ineaisign digribbeonnflonmetiei nhiost jhtensity
di stribution corresponding to the point P2 when a
| id$tribérmm troant incdiretd itengity distriBatipasshentd tigh¢beam to
the adjustnment filmof the first correction filter 8.
1G@r{19034] theupoindr BB reasseb dhravgh ske adjustmerdcfilmnof the first
filter 9 with the transmttance distribution of the
qeadrectionvdidieny8x spahange ins light ointensite rdistribuitti trom the
to the first correction filter 8, the second . i
c ket dntensityt distribuiéen into eet ntensifie distpibiution inclined in
l um nance distrjbutjion of the concave pattern about
t fide cePpROsifsoi whiraetiono dounthieor inplinedr ninderasityy cdiatigaition
t he 15in§_lined patterns_of_ the Fuil | um nance .
diCotiespORdiBngs ton g poieP 3 gvhen o lggh beameigparmive g the point
inglined patterns wi . h enhanced degree of =~
| B3 panses hrough e actisizarms lllﬁiépgﬁ]é%i %.réfgwﬁ@cw Hidign 8.
t nd, correction filter 9 and the . inmagjng )
oiﬁ@iﬁf %ély@@glﬂﬁom (\Hﬁemnﬁgﬁ r?&ceﬁai garrecpn; $HHieto 9+ with the
proj ect.jon opt.ical system PL) and,.be en the inaging
DS aR BRI At AT (A e O AV also
proj ecti.on ppt.ical .system PL) and.the k M(or, the .
ERE R et To Bl Couedt. Fltee Saaeserand datrsation
of~the,second corregtion filJter 9 al.sp.,output i ght
WD G B fflhte, Blp, kiriinanse GRRSHISR' o, e Concave
th f wlnchdent |ight effects the follown
cRalrgBL bl Bintet B2l o GrvEbrin pilieufhap 10 Shange the
di ' ' f .1 Nt engi Lstribution .
e g o aRENE TRl tigied 500 i point P2
bEAD HPe af)f)in\feP%t o"SnERALET pQ&'eH{s R¥ith enhanced degree of
inclination, as indicated by hatched regions between the second
correction filter 9 and the imaging optical system 10 (or imaging optical
system 10 + projection optical system PL) and between the imaging
optical system 10 (or imaging optical system 10 + projection optical
's_ystem PL) and the mask M (or the wafer W) in Fig. 2.
[0040] Namely, the adjustment film of the second correction filter 9
also outputs light with a light intensity distribution different from that of
incident light, and effects the following changes: a change from the light

intensity distribution of the concave intensity distribution into a uniform

~ intensity distribution when a light beam to arrive at the center point P1
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-21 FPO6-0501-00 passes through the adjustnent film
of the second correction filter 9; a change fromthe

light intensity distribution of the inclined intensi{pyg-0501-00

distribution into a further inclined intensity

di stribution when a light beamto arrive at the point

P2 passes through the adjustnent filmof the 5 second
correction filter 9; a change fromthe light intensity
dipsisses diriowgh tife adustmeht fideh bFthe Sietyndi soreéditn Giter 9; a
into a further inclined intensity distribution when a

| iochlangbefhom dher light iatersity distribufi8npefthe irviimedhintensity
the adjustnment film of the second correction filter 9.

- [ ahsttibutiomimter anfintser ivéinedopeensity rdisfrituteor iwlsén a light

correction filter 8 and 10 the second correction

f iteaer t©® achue gé she peintnP2 passqsuihirbughthe adpestment film of the

di stribution about the point P2 (and points having the

s areond cooragiiont Sltend; R2ghange from ithe dight intensityi distribution

pattern_and changes_ the uniformpupil |um nance )

dicdt thepin¢lorechnotensityedisttibutios itdoda forthes inwlined ittensity

sajye . Y-coordinate as P3) to the linear inclination

p&tisteibrition, whgnt »dight beam to&enua atithepoioh Pdppassesghrough
clination pattern ahout the point P2

to that of the_in

aﬁ@ﬁa@%@ﬁﬁt@é@@@}@fsqcﬁﬂﬂim¢ﬁmn flterQut change in

t i f il lum i stribut.i b th

cdfioalT sorodherbiopdndhe sopReEaiien PhE Hestserasction fiter 8 and
Y-coordingte as Pl). .The degree of adjusinent q )

| B asecord F%?P’%ﬂz‘loﬁlt?he‘) F0ges (ihen YRkorm puplf luminance

A R eSS i
8 2L gl hd SRR o o
et Bisiabuibe tour dhe pEF R (arel bATHS havine the same
Ve BREpals 4R D 3PCaRE BB, nerAE atErran daving  the
ciintelatphinBeibh rdigsfte BBl oB 1% FofTiidiah phlietyt 808l the
t BofiIB2catd Mk LA’ digee of inclination, without change in the

uniform pupil luminance distr_ibution about the center point P1 (and

points having the same Y-coordinate as P1). The degree of adjustment

- of linear inclination of the pupil luminance distributions about the point

- P2 and the point P3 is dependent upon the distance of the point P2 and
the point P3 along the Y-direction from the center point P1. |

[0042] Namely, the degree of linear inclination adjustment for a pupil

luminance ldistribut_ion about a certain point increases with distance

from the center point P1 along the Y-direction. It is also apparent with

| r_efereﬁcé to Fig. 2 that a size of a region where rays to arrive at each

‘point on the surface to be illuminated pass through each of the first
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-22 FP06-0501-00 <correction filter 8 and the second
correction filter 9 (which will be referred to

hereinafter as "partial region") becones |arger as tl@Q6-0501-00

first correction filter 8 and the second correction
filter 9 are set nore distant fromthe mask blind 7,

and that the degree of linear inclination 5 adjustnent

for a pupil lum nance distribution about each point
alcporedtivnr ddterst ined ahet deconid corectiont Giteof9 qevkiisR will be
that the degree of linear inclination adjustnent for

a rpfepidd Itanhereedtati a¢ "phrtidloregdbo'lt beectnes dargdr as she first
i ncreases as the degree of change in the transnittance
dicerrdchtuon filtsr &f andhthef secindcoonrectioniltér ¢ are 8etanmbre kidstant
second correction 10 filter 9 (4% in the foregoing

extoml éhei maskt bliadgér, . andodelt Siencdegrbe of eldeear inclination
enbodi ment has the configuration wherein the first
cadjessment for aepussil auninaace edistribieaon ethdwneddh tpwin also
have the conplenentary transmttance distributions _
anacigpsesetherematly.i r Btis @ anatéen pbeouirse hatsthendegnee of linear

- second corregtion filter 9 are set equidjstant 15 from

t mackraion adjastmesk ot B pupld slupimasee, distribatien  apant each
above,@i%ﬁ . position and sjize of the partjal_region |,
abott ig6rensesnas Haes degease afo chaage | jurthaatrensmitiance
 AebthBong el 566 Kovicionofier v thasbondsyrrrion
t i l.um .distributj t h i nt
{ R s Bt aaifanttie) & sah gsesq 20 on & O

i nt-by-poi nt basis, b i f the first .
OROOLEFXIRE M BRER: BsRRB LR bR TS sohBEeFioh mhesein the
oSBT B, B ST BB S e
LS50k eSO Y P SRR TR R i
def j | bgh i t afirst. point ...
( Bolyeetlofifiet Bl I0E T nd oleeBle Reh. & hrd S Siwigistant
ARG MNBECAREGRNE 7 b8 both sides thereof, as described above, the

position and size of the partial region about each point on the surface to-

be illuminated, in the first correction filter 8 are almost equal to those in
the second correction filter 9. As a result, the pupil luminance
distribution about each point on the surface to be illuminated is adjusted
ona point—b_y-point basis by cooperation of the first correction filter 8
and the second correction filter 9, but the illuminance distribution on the
surface to be illuminated is maintained .almost uniform without
substantial change. |

[0044] In the present embodiinent, as described above, where a first -
light beam is defined as a light beam to arrive at a first point (e.g., the

point P1) on the surface to. be illuminated and where a second light
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-23 FP06-0501-00 beamis defined as a light beamto
arrive at a second point (e.g., the point P2 or P3)

different fromthe first poi nt on the surface to be FP06-0501-00

illum nated, a change state of light intensity
dlstrlbutlon i nposed by the first correction filter 8
and the second correction filter 9, for the first 5

I i ght beam passing through the first correction filter

8 teoagn tibedefaroahds o dighe ddaam thi drrbre 8t laSssd:lofnfdegaﬁit (e.g., the
froma change state of light intensity distribution

| muisedPDyort F8)f diffdrenprir@nt tien fisk tpoin8 @ndhehsurface to be
second correction filter 9, for the second |ight beam

paHsimgatdd, aucrartgeesthiter of 11ghb imtensity aistiibutionSinaposddhby the
second correction filter 9. This nmakes it 10 feasible
t ditishdepeactiont filtead} and theckeamdbapirectian ke ®, for the first
distributions  about respective points (e.g., the
f ilight Ipeﬂrntp@&smg Iﬂar(mgboﬂte piostnegrroetion dilteuB fand the second
be illum nat ed [0045] Nanely, in the Freseny ]
ereoseRokion filies |msd1ﬁ£@1en‘eoﬁronn af charge statandf tlight intensity
se(;on correction filter 9 constitute an adj ust er for

1$fﬁ3%1@@ibém0ﬁeddp)ﬂs¥h%é'lrébmftﬂc’fmpl filtaru®i aadcthe second
dlstrlbutl s about respectiyv ol nts on the surface

i dt%(f Behe

teath dior Mhe\gecond beam pagneg dhporgh dhe first
SRR B T et o ke
CRreuble e 18 ﬁ?erwiﬁrﬁﬁy AAURE g nT O Fioweil ymaneRcdistrbutions
o B LTS B85t o oim) o
e ?ﬂ’ﬁg%@ﬁfeiecﬂh?le%é?ﬁ‘:gﬂﬁsﬁaiLZrEn?Trtehe
GLROR ST SEREE o Ve B PRIt e st Goarech@n b 8
SRS o n 758,51 A e o
Sﬁ'ir(?e;fgnftﬁﬁttlyaﬁdjl{étﬁl%e ¢hof °9P I}ﬂ)%ll luminance distributions about

respective points on the surface to be illuminated (M, W). As a result,

the exposure apparatus of the present embodiment is able to adjust each
of pupil luminance distributions at respective points on the surface to be

illuminated to being almost uniform, while maintaining the illuminance

- distribution almost uniform on the surface to be illuminated (M, W);

therefore, it is able to accurately transfer the microscopic pattern of the

- mask M in a desired line width across the entire exposure region onto

. the wafer W.

[0046] In the above description, the first correction filter 8 and the
~ second correction filter 9 are set equidistant from the mask blind 7 on

both sides thereof, however, the same effect as in the foregoing
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-24 FPO06-0501-00 enbodinment is al so achi eved when
they are set equidistant on both sides of a conjugate

plane optically conjugate with the wafer Was a finalgppg-0501-00

surface to be illum nated, specifically, when they are

set equidistant on both sides of the mask M for

exanple. In the above description, the 5 first

correction filter 8 has the transmttance distribution
oferibed et is alse acltieved pahée theanet dteqeedieitht on both sides
correction filter 9 has the transmttance -

dicft a i doatjngateoplanteoptically corguysens witht then wdfenelWens a final
the sane effect as 1n the foregoing enbodinent is
alssiofame Hioebe dl liminateds spedi¢rcal lyhevHenr ey @er setadquidistant on
filter 8 has a transmttance distribution of a quadric

c botkxsidés phthemaskndwher examnplesechnthe aboee tdesoription, the
filter 9 has a transmttance distribution of a

quidt correotionvizltem8 thasnthe] ranghittanaehdistitbudon of the quadric
description, the first correction filter 8 and the
sgoordve pattem aod thelseeond dovectiomn filtearshas thantransmittance
di strjbutions of the -quadric patterns; however,
widistsibutionohthe guadricicanvex pattem; however the yaus effect as
nmpdi fication exanpl es can, be contenplated as to the

pai tBe deregoingemppdiiment isaalse aphievedun izonaseghere the first

the first rrection filter 8 and.the _.second .
¢ 6PFIEEtioBTileT fohana tepeemnittange Jistrbutien M quadric eonvex

al so possi bl to_contenp|late a podification exanple,
i where: theo FREatq SOTFIGH0S ﬁfl@rh shag gr transmittance
eﬁzﬁr{?lbe. such a transm ttance di stribution of a

q ogtignAf & AUadidc GRNCaYS PAHSENt he transmittance

[ s once, and t hen decrease fromthe cepter

MBS A TR g rbovie [deSCHPHORo 8 BEstyE Ple iR ikt 8 and the

B R S e S Sl b e

A e 2B TR A ETREER i, vty

e o B A BB b of e

 BenShi&hcd ARfiutions given to the first correction filter 8 and the
second correction filter 9.  Specifically, for example, it is also possible
to contemplate a modification example wherein the first correction filter
8 has, for example, such a transmittance distribution of a quartic M-

- shaped pattern that the transmittance increases once and then decreases
from the center toward the periphery in accordance with a quartic
function of distance from the center of the effective region along the Y-
direction,-as shown in Fig. 4 (a).

[0048] In this: modification example, the second correction filter 9 haé

- such a transmittance distribution of a quartic W-shaped pattern that the

transmittance decreases once and then increases from the center toward
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-25 FP06-0501-00 the periphery in accordance with a
guartic function of distance along the Y-direction

fromthe center of the effective region, as shown i NnEFpP6-0501-00

Fig. 4 (b). In this case, the transmttance

distribution of the first correction filter 8 is set

to be conplenentary to the transmttance distribution

of 5 the second correction filter 9, with the sane

efthe periphery ifi hechrlaggeiwigh acqiaticnanttioblafdistanceidiceg the
the first correction filter 8 and the second

cor-déection froht ¢he 2ehtareof tiee effeotive tregivng as shown in Fig. 4
di stributions of the quartic patterns, the

i ifb).i nht ithis ealeytheeninehitariceadistrimetion ofnibie fingt correction
i near inclination adjustnment, but cubical inclination
adjltext Sastset Ito bes camplemedtardyato thee tiansstittance elistridbmtion of
filter 8 and the second correction filter 9 may have

t ¢ secend eorractionr filteriQ, taithethdi same lwdfdctras wwhthee foregoing
patterns are higher than the quartic. The patterns of

t eenbodimant: t Aowvayiest sinee ithasfirsif comecpant diltes 8f and the
the first correction filter 8 and the second .

c6eeend japareatian dHtey Hebave dhei tiangmittancendistibutions of the
conmponent (Ilinear conponent). For 15 exanple,, they nmay
beuart, JHtteran cBedirelmation adiustaent ortiegti aehieyed is not the
conbi nation of an.inclination conponent with a .
qiw@aaﬂm%h%rﬁ;b Hstmest, Eutqgabtq ipelipqtapre @djustment. It is

GPOLRd BRRt RSt camedtians flist i b Be Secpndrcasragiion fer 9
e A B RS s
SRR B 7 B b i
(P RES wiafienh of Bk TR SORRGBL BTG & A the segond, cggrection
D 5 TR AR Tl 536 hen. o
SPERMLIE s Ry R0 Bl bR Paclf By Wiy s o
a0 G GE %'}d?n ﬁﬁéﬁ@%@{)ﬁ a'bﬁ&léf)f)ﬁéntg\mht 0 §E3REGL ¥Simponent

(or a quartic or higher component). The patterns of the transmittance

~ distributions of the first correction filter 8 and the second correction

filter 9 may also be odd-order components such as cubic components.

- [0049] In the above description, the first correction filter 8 and the

second correction filter 9 are provided with the respective one-
- dimensional transmittance distributions along the Y-direction, but it is
also possible to contemplate a variety of modification examples as to
change directions of the one-dimensional transmittance distributions.
It is also possible to provide the first correction filter 8 and the second

correction filter 9 with respective two-dimensional transmittance
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-26 FP06-0501-00 distributions, e.g., rotationally
symmetric transmttance distributions. The

transmttance distributions to be given to the first FPp6-0501-00

correction filter 8 and to the second correction

filter 9 can al so be defined according to other
appropriate functions. An exanple is, for exanple, to
define the 5 transmttance distributions of the first

c disteibutions id.ger rd@ationaliyesygrnmiric transmdttanee fdistrinutions.
9 by | ater-described Zerni ke pol ynom al s, whereby each
ofThehrapsmpittadeend istmbetioins to bbgivem o dbedirst esprection dilter 8
points on the surface to be illum nated can be
aadpdstoethesecomdicorrdsyiomofilter Bhsan dlso b defidad cacoording to
a variety of forms. 10 [0050] Incidentally, in the

f otlegyoappropmatelifectionsuheAa ¢xample & for exampi¢,dio define the
filter 8 and the second correction filter 9 are
pitianisgatiance idistribationaredhthet Arst e ogrestiam{iltes Ssand thw gecond
the use of _the dense patterns of _|ight-blocking dots

| crRErestiparilien A byslatertdessrihedodemnike polynemials swhereby each
transfer of each dot opto._the wafer Wand i pfl uence of

4PF 1 Wi PBH JWmiBaRGe: Kisfaibudienst 8bowt TeHECElivRs DeRTSagR the

dot,.the distances of, the first correctiqon filter ..
AR TS 19ckeAuBTARIES: Fan be pdstes! pno%nq%@t-gmmm i%@éls in
7, and, so on.. In the argk%ofye description, the first

céFf & With @cyargety (4 TOrRS- second correction filter

9 ovi,ded . wth the transm ttance ..distribuytion
KOO Fagidentalllyr m b dpseeqihe: embodiment, ' where' the first

1 PFeaioR ot} & nd $h8segbig rtiBitn, Al P abS péfeided with
L4

ol -ﬁ%ﬁaﬁigﬁg“?ﬁ isit?l??ﬁﬁ?)'sfﬁfﬂ%?@i ?@%%%2%@%? 8858 patterns of
fid e adi TN
c PP RFeRiRG, O AT R, oty 17 Bffoesmarsopo evatuate

PR o shif ARATOREL A VTG U R YR8 PliKtatBen

IR B AT L R
t QofrBEtibh iter 8 and the second correction filter 9 from the mask blind
7, and so on. In the above description, the first correction filter 8 and
the second correction filter 9 are provided with the transmittance
distributions through the use of the dense patterns of light-blocking

dots, but, without having to be limited to it, it is also possible to provide

- the filters with continuously changing transmittance distributions by

.controlling thicknesses of thin films as the adjustment films. In

another configuration, the transmittance distributions of optically

- transparent members themselves forming the first correction filter 8 and

the second correction filter 9 may be set to given transmittance

distributions.  The transmittance distributions given to the first
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-27 FP06-0501-00 correction filter 8 and to the
second correction filter 9 are not limted to the

“continuously changing transm ttance distributions, bl}iP06_0501_00

may be stepw se changing transmittance distributions.
[0051] In the foregoing enbodi nent, the transmttance
distribution of 5 the first correction filter 8 is

- set to be conplenentary to the transmttance

dicdirfddbidn fiftepB Al 1S SeOBECHR E8EELABNfilkdre9 aBé not limited to
however, w thout having to be limted to this, it is

althe pomathbbeslyo changRidp | tedesmittaieel digeibueioneX a5l enay be
wherein the second correction filter 9 is provided
wistdpwiser clemiging aneenditahed distijbationbst anti al |y

different froma 10 transm ttance distribution

cq0p5 eirdnt theyfdaregohg erdnsiitdmpdee teinstnittante aisteibution of
the first correction filter 8. In this nodification
estheplfest témrédtiami fikec e 8diist sebuta obbe ovotipdermentage to the
to be illumnated is adjusted according to the
ditfansnettance edistrebutione afr thes second ceorrectsen ifilter On ndwever,
the second correction filter 9 and the transmttance
15vighewt havingoie bodphised o dhis, ibis aksotpessihlettoacaemplate a
distribution of the first correction filter 8, )
wineedidication exanspls phereio thej wsondauhrestiarhfilien® is provided
| umi nance distributions at respective points, on the
swithica t Gapsmittaneeni distabutionpesubgtantiadist  diffetsnt from a
while adjusting, the illum nance distribution on the,
stiansaattepcee distribution e ccomplementiaynotd  (hef ofignsmottance

Rt B B e oiaion
5oL G e e i b e it
R Yo Berhal RS, I hodhance
Ot REbbOR B, b S Rehor vl e T 3] e EpBSitance
AR oA iRy 8BS A B e i
correction filter 8, whereby it is feasible to adjust each of the pupil
luminance distributions at respective points on the surface to be
-illuminated to being almost uniform, while adjusting the illuminance
distribution on the surface to be illuminated to being almost uniform.
[0052] Similatly, as a modification example of actively adjusting the
illuminance distribution on the surface to be illuminated, the first
correction filter 8 and the second correction filter 9 can also be set at
mutually different distances on both sides of the mask blind 7. In this.
case, the illuminance distribution on the surface to bé illuminated can be

adjusted according to the difference between the distance of the first

correction filter 8 from the mask blind 7 and the distance of the second
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-28 FP06-0501-00 <correction filter 9 fromthe mask
blind 7, whereby it is eventually feasible to adjust

each of the pupil l[um nance distributions at FP06-0501-00

respective points on the surface to be illumnated to
bei ng al nost uniform while adjusting the illum nance

di stribution on the surface to be illumnated to 5

bei ng al nost uniform [0053] In the foregoing

ecbocictiont filtareof fropi ther nepki dlind 7t eh8redyd it he eventually
second correction filter 9 have their respective

t feasibld taadimst dash oifbhié ipupdl himinaaeerdistrinaisns at respective
di fferent according to incidence positions, but,

wipoimetst o akie sgrfacete be niltednated to being almbstouniform, while
possible to 10 contenplate a nodification exanple
wadpnestmg the phiminshice aisteibuition ohithe susfaae ¢o frecilfugenhated to
wth their respective transnmttance distributions of

t bamgralmestoas foimif er ent according to inci dence

angles. In this nodification exanple, for exanple as

s } in the foregoing cothoditndrdnthe firstevorgection filteaeand the
on the |light source side with respect to the pupil
pbegrnd 5 cogeecsion; héilterad? ndravist i their syespaotive (wahsmittance
I's,a . conjugate plane  optically conjugate with the

i distRPHEONSn Quptengnitancesandifferenbt mecordisgr der i incidence
filter 9a_is |l qcated on the sk side wth respect to

t Resitigns, bug %&qvéaﬂwéﬂngﬁ@ ggdgnﬁgdotﬁt itc 1859§pemmb1e to
[0054] In this cgse, where a first light beamis )
ds@nmplg&e A |mgatfle%ém examplea wWheyeitathe palr sef weirgction

RS b B R e et Bt e (8550 ons of
s;cond.ﬁoi nt q%:f{fe_rent framth first 1E)_oi nt on the .
s HAPSTLURARCESe .eﬁﬁmwa?‘&i),r e alfy cidenes, Se uﬂ@n this
ARGl e o iR R Hp oS bbeion
P o100t S e O s R e o pane
L008 T3 'the itAgihB bpAGaP'sYShrh 10" Cuhich®ss 'd LWnjligAT plane

optically conjugate with the illumination pupil plane), and the other

“correction filter 9a is located on the mask side with respect to the pupil
plane 10a of the imaging optical system 10.

[0054] In this case, where a first light beam is defined as a light beam to
arrive at a first point on the surface to be illuminated and where a
second light beam is defined as a light beam to arrive at a second point
different from the first point on the surface to be illuminated, an angle

of incidence upon passage of the first light beam through the correction

- filters 8a and 9a is different from that upon passage of the second light

beam through the correction filters 8a and 9a; therefore, a change state

of light intensity distribution given to the first light beam by the
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-29 FP06-0501-00 <correction filters 8a and 9a is
different froma change state of light intensity

distribution given to the second |ight beam by the Fppg-0501-00

correction filters 8a and 9a. [0055] In this case,

therefore, the sane effect is also achieved as in the
5 foregoi ng enbodi nent and the foregoing nodification
exanpl es. Nanmely, by adopting a configuration wherein

t kertectioantfittean @a add s®4 iibudifferentffrdrhea peliangef state of light

correction filters 8a and 9a are set to be

c omfeheite rdistributiore givero tb ahe asedontielightbedd baitheoforrection
correction filters 8a and 9a are set equidi stant on
bdilters BdesidoPa.t he pupil plane 10a of the 10 i magi ng
optical system 10, it is feasible to adjust each of

t He0ppih thiswdseativarefret thedsamenasffedt isedpeachieved as in the
points on the surface to be illum nated to being
afosgoingi eortadinteint e andi rthai foregaing imodificatione examples.
di stribution al nmost uniformon the surface to be .

i Namelyat by. gdgaslg Waeconfiguration niwlhiensie the transmittance
distributions of the pair of correction 15 filters 8a

aflistuhutipas seft the) paik el seemestion \iltersobs| and Qaanse set to be
relation, or when the pair _of correction filters 8a
afempicmentaryt toaeach othen gndiwheseamthe gasr af cesression filters
LRI YN ORI T N
bt Ao S0 e 8RB S e i
) B B sE e B LA, S e 1o b
R MR LT R
TP L o SR b RE RS B TSORAR .,
O0SALRSRTo LPe BB0 2 HPHRD b 30g8con
f ﬁgtrﬁgi]%%?agﬁ:%é f@félsgﬂ.ﬂj P,(%PS?%}’CMIN] uflggﬁl%%ljn\éﬁtary reIation, or
when the pair of correction filters 8a and 9a are set at mutually different
distances on both sides of the pupil plane 10a of the imaging optical
sjzstem 10, it is feasible to adjust each of the pupil luminance
distributions at respective points on the surface to be illuminated to
being almost uniform, while adjusting the illuminance distribution on
the surface to be illuminated to being almost uniform. It is also
possible to use a correction filter with a transmittance distribution of

transmittances  different according to incidence positions, in

combination with a correction filter with a transmittance distribution of

~ transmittances different according to incidence angles, or to use a

_ '.cor‘rection filter pair (8, 9) with respective transmiftance distributions of
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-30- FP06-0501-00 transmittances different accordi ng
to incidence positions, in conbination with a

correction filter pair (8a, 9a) with respective FP06-0501-00

transm ttance distributions of transmttances

different according to incidence angles. 5 [0057] In

t he above description, the pair of correction filters

(8, 9; 8a, 9a) are provided with their respective

t ransmitthacese diferédtut ia@eéx;diﬁgt , to W ingRdéndeaVipt@iti¢hs, in
be limted to this, the sane effect is also achieved
asombinafien f aitgad nepresdtish nlter apdir t (8x,f 9aP oMY respective
nodi fication exanples, by using a first adjustnent

f tlansmittance edistribwtipns t of riradisrhittaticed  diférent Oaccording to
respective reflectance distributions of reflectances
dirididemee amglesr di ng to i nci dence positions, or by

using a first adjustnent filmand a second adjustnment

f [0067 I thérabove adgsecipition, thé |pait af cerdicsion fiitero(8, 9; 8a,
of reflectances different according to incidence

aflg) esc providedawdth posisinespective tsasanttange sisteibtuticnsmbut,
(correction filter) with a transmttance 15 )
dwgthaut having 60 ber Bmdtad tatlissthe same effecids @lsh aghieved as
I nci_dence positions_ or incidence angles, in
cBhthentaregring embodingnt sndethe faregoinig madification examples,
reflectance distribution of reflectances different )
ab¥ a5t g first pdpisteeat filpvandissrsond adjestiserelilingwith. their
[0058] .In the above. description, the pair_qf .
cEspeeive fellestense disiribytiogs of reflegtances éhgfgé@ﬂt gceerding to
the.pair of adjustment filns dj ugt ment surfaces) in
iSRS BSOS, GBaby s iBg 2, Sk AeAgReptHfIrn and a Sccond

<SRRG WE| Wil At e wENRg 8l REERCLiFgitRtons of
leCr TR AERRE, fioctiinishe TkitgRes pnilfnareds also possible
O e S 85, M 0 e Gnce
R dPord O AR ahc B8 i Y HecBRENE £ 1Ra8Re BbSHions
or incidence angles, in combination with an adjustment film with a
reflectance distribution of reflectances different according to incidence
positions or incidence angles.
[0058] In the above description, the pair of correction filters (8, 9; 8a,
Oa) are used, i.e., the pair of adjustment films (adjustment surfaces) in
other words are used, to adjust each of pupil luminance distributions at
respective points on the surface to be illuminated to being almost
uniform, while maintaining or adjusting the illuminance distribution on

the surface to be illuminated to being almost uniform. However,

- without having to be limited to this, the effect of the present invention

can also be generally achieved by means of an adjuster comprising a
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-31 FP0O6-0501-00 plurality of adjustnment filns
(adj ust nent surfaces) having predeterm ned

transmttance distributions or reflectance FP06-0501-00

di stributions. Nanely, it is possible to contenpl ate

a variety of nodification exanples as to the nunber

and arrangenent of the adjustnent filns (adjustnent 5
surfaces) which the adjuster conprises. [0059]

Spduidlityal lof, faadjustreeml e fAsmsshofedjusinférg. Gurfates)s having
al so possible to contenplate a nodification exanple
uspradetelmmaed dramsrhittamcei Gistributiéna-of réflettanceodistributions.
respective transmttance distributions of

t Mamswly, tibicpessibllef toecartengrater alvagetyoof nuodification examples
positions. In the nodification 10 exanple of Fig. 6,

‘t1as ol thet nuothescaridbarbnpement lof thedadjnstraenofitins (adjustment

correction filter 11b are located in order fromthe

| isytaceslivback thieadjustarecomprisesnl path of the

condenser optical system6 between the mcro fly

e;[QoﬁﬁhsSmcaﬂ@BlﬂYxeforrﬁganmlc ad shovanin Fig 6,1t rmlalso poss1ble to

correcti n filter, 11 c is located in the optical path

b&oREnplaie %Mﬁ@@ﬁoap@xamp esyeingniisearmprragiamélters 11a-
slk bl i.nd [0060] ,In this case, si nce t he

cancdmving theirrespeative faBsmidanes: dissab utlonﬁ@tfmnsymttances

rent posit.ons in th optical;axis tion of
ﬁgfgmnt rﬁCﬁgffilag dpt itBsl egssamsuson%s gh‘b uihe rpdgfication

7, ons ere an,on-. axis light b i gh e
nerPUTIE "5 M-S 6 cibSodire,poeediaem WAGH oblanid dhensecond

o geﬁr&&ilpvef"ﬁ%?f'e EP&?X% iR PE %iﬂtaﬁiﬁlegﬂgflP source side in the

d|°ip En?lﬁatﬁﬁb 33?%%??18# FYyeBr S Peueen, i micro fly's
glﬁtl%{}%asmaga |ons g/rb rﬂn ﬁ?e%(l rldlnc%g&ecg; amﬁ%r llc is

i A A i o

oﬁﬁﬁfﬁsﬁﬁﬁﬁ |7al regions |lab, 11 bb, 11 cb are also
di

erent anony the correction filters 11 a- 11 c.
[0060] In this case, since the correction filters 11a-11c are located at

mutually different positions in the optical-axis direction of the
illumination optical apparatus, as shown in Fig. 7, regions where an on-
axis light beam (a light beam arriving at an intersection between the
inask blind 7 and the optical axis AX) passes through the respective
correction filters 1la-11c, i.e., on-axis partial regions 11aa, 11ba, 11ca
| are different among the correction filters 11a-11c. Similarly, regions
where an off-axis light beam (a light beam arriving at a point on the
mask blind 7 distant from the optical axis AX) passes through the

_ respectlve correction ﬁlters 11a-11c, i.e., off-axis partial regions Ilab

o 11bb, llcb are also different among the correction filters 11a- 1le.
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-32 FP06-0501-00 [0061] In this nodification exanple,
it is feasible to adjust each of pupil |um nance

di stributions at respective points on the surface t O FP06-0501-00

be illumnated to being alnost uniform while

adjusting the illum nance distribution on the surface

to be illumnated to being alnost uniform by 5

properly setting the transmttance distributions of

t He06¢$ dachivmodifcatbst eramfple tiels féabiblelto.adjhst each of pupil
posi tions and sizes of the on-axis partial regions
arfdntihencd f dizkillsutpend i atl reggiotive qointse oresthecisuvface to be
correction filters 1la-l1lc, and so on. Furthernore,

t HHusfihetstd o6 beleg mlasmttuniforenwhite eajuditng ¢herilunjinance
achi eved by properly setting the 10 transm ttance
didistribitdroos thesurfeée ée bartlmminated tubeimgsalnudsttindform, by
respective adjustnment surfaces (adjustnent films), the
paeppedyis setithg stheestrafsmittanne adistrilpationsl of ethieorespective
and the off-axis partial regions on the respective )
agotsciion fidters déed Icathe possions andwjizesaat tho opnaxis partial
using an adjuster conprising a plurality of .
adeonseAnd siher atleaxisappitialngagions on |the) raspertiye correction
predetermned transmttance djstributions (or

réﬁteéét bhad 1cgiand ispupnonsiughernargs nihe ebrthe present

refl ectances) varying accor di to, |ncidence .
pABYSHLAR &AN; nee daebera |@§qu\cﬂ§isziay| nPtqpesly setting  the

el SHRH  HoERALSRbb ikt e
RECRTRN TALER S SR G L.
355 T PSS PR RT3 cbo on e
PRSP i PSS RGBT ELRLE e ke an
g T A T
T R PR A o octanc

distributions) of transmittances (or reflectances) varying according to

inctdence positions or incidence angles.
[0062] In this modification example all the correction filters 11a-11c¢
are located in the optical path between the micro fly's eye lens 5 as an
 optical integrator and the mask blind 7, but these correction filters 11a-
11c may be located in the optical path between the mask blind 7 and the
surface to be illuminated, or only one or two of the correction filters
(e.g., only the correction filter 11c) may be located in the optical path
between the mask blind 7 and the surface to be illuminated.
[0063] In each of the foregoing embodiment and modification

exaniples, if there is a change in the illuminance distribution on the
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- 33 FP06-0501-00 surface to be illumnated, the
change in the illum nance distribution on the surface

to be illum nated may be conpensated for, for exanpl FP06-0501-00

by additionally using a variable slit apparatus as
described in International Publication 2005/048326,

or an illum nance distribution controlling 5

apparatus as described in U S. Pat. No. 6,771,350 or

t hirfadeeto bOQHdmihatedh¢he bh‘aﬁ%é éfchefdlluatinahbe distribution on
adj ust ment surface (adjustnen film wth the
prihdesiefaventadbe iHomihtedneaydbs conipdnsated for, for example, by
reflectance distribution) s forned on the optical

s urdditienally ematg aorareatile chit fappaeatus avdergribed fohmteafational
the plane-parallel plate, but, w thout having to be 10

| iFntlezhtion t2005/048326 @i san pibshimanceo distributiaah controlling
adj ustment surface (adjustnent film on a surface of

a dppasatus ag destribediindJ.S. PadrNoi 66771,350 ar tholikex | ens
surface, a concave |ens_surface, a convex reflecting
suPpadé In the abovacdescripionctheqddustinans. sunface (adjustment
however, a matter of course that it is generally

- edtlme) with ithe predetermined: frangmitaneadisitidion (o reflectance

(adjustnent film on an optical_ surface of an optical
mehsfsibution)ng tormsdaear thepoptigal surfree of ¢adssprstion filter
let the configuratjon fromthe |ight source 1 tg the
pr8véeg itBe Topm @gﬂé;&lw@mamaﬁ%l pRted buki withovh having to be
OEIicaI apparatus. fo illTumnating the wafer Was a
suinbed i ths, i1 | 1§nilsar Pessikiel teform eqrhy aklivstpendnsurface

R S R B T TR LA e o
for si mil icity. of descri plti on of the adj ustnagt ]
CORJEX 1pRS SUrtacs frEoneaYs 1ens SGkase; fOpvex iehgcting surface,
ti filt havj ti
Rk e SRRt T et iR ot POMEERoh 1atfes Qf eeisg that
dj ust h aof BT um 25 di stributj.ons at
o UL G5Bl PURLy | U BERSER b ol , gtce
g?g@?ﬁs@’hgﬁéﬁl@ﬁ'&o%ﬁ]op\%‘éél Sl eshh g (gphr?ce{l-ll{lgnr%%%r}?a%ing a
- planar optical surface.
[0065] Now, let the configuration from the light source 1 to the

projection optical system PL be an illumination optical apparatus for

- illuminating the wafer W as a surface to be illuminated, and let us

describe an adjustment method for adjusting this illumination optical
apparatus (1-PL). In the present embodiment, for simplicity of
description of the adjustment method, it is assumed that a piurality of
(two or more) correction filters having respective predétermined
transmittance distributions are used to adjust each of pupil luminance
distributions at respective points on the surface to be illuminated to

being almost uniform, while adjusting the illuminance distribution oh_
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- 34 FP06-0501-00 the surface to be illumnated (the
surface where the wafer Wis set) to being al nost

uniform [0066] Fig. 8 is a flowhart schenmatically FP06-0501-00

showi ng steps in an adjustnent nethod of illum nation
opti cal apparatus according to the 5 present
enbodi nent. In the adjustnent nmethod of illumnation

opti cal apparatus (1-PL) according to the present

enthecdiuréade, tabesitiominated (the siifaddovHeré she Sveferi W 10set) to
acquire pupil |um nance distributions about a

- plbeiagidmost uptionins on the surface to be illuninated,

and an illum nance distribution on the surface to be

i 1OOG6hdigd BSid1y. flovechdrt c&tlhqmattid:‘aall;lOshthiﬁ% bgtepenin an
acquisition step S 11 is to calcul ate the pupi

| wadjustmoent dieshod off ilbmmirdtton opticaliappatatusfacgeording to the

on the surface to be illumnated, and the illum nance
dipresemiuetnbodunenthe butieadjustmbet imethod rdtildminatied optical
on design data of the illum nation optical apparatus

( JappEyatupdd6PlL) mheomiing 4o thiepaesent embadimeritnas sbown in Fig.
optical apparatus (1-PL)_ 15 used herein includes, for
exanfiee firgatstem is t tive asguireapupilshumingscel gistibetionsisabout a
after the mcro fly' s eye lens 5 to just before the
waturalily of points @at thessieniaes te bevidumnimated)iandan illuminance
respective optical surfaces, ,axial separations of

réﬁﬁ@ ytipn ept theapurface doebe ilammeatad, €51 hli cBpeeifigally, the
types..of, optical .materials formng the respectiyve .
opstistEUtiBEHYIS PR %epvéihléng:t iwalsulatse ghe ippnil luminance

SRR ARGt PREE S PP S Bt
T g G PP o TETES et e
SSBeER R PT F Gmeiel entitfleitrraed tolbe
BT eGP B o o251
SYsLd%ferkth kfﬁclilfdleg,mfgrate?(g_mpkig,s AL RS 858!:&1” S)gsatteﬂl i(g-PL)
from just after the micro fly's eye lens 5 to just before the wafer W, i.e.,
data such as curvature radii of respective optical surfaces, axial
separations of respective optical surfaces, refractive indices and types of
optical materials forming the respective optical mémbers, the
wavelength of ‘used light, transmittances of the respective optical
members, and incidence angle characteristics of antireflection films and
reflecting films. Reference is made, for example, to International

Publication W002/031570 as to how to calculate the pupil luminance

~ distributions about a plurality of points on the surface to be illuminated,

‘based on the design data. In addition,. how to calculate the illuminance

| '-distribution on the surface to be illuminated, based on the design data is
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-35 FP06-0501-00 well known, and reference is nade,
for exanple, to Japanese Patent Application Lai d-Qpen

No. 3-216658. [0068] Alternatively, the distributiongpgs.0501-00

acquisition step S11 may be to neasure the pupil

| um nance distributions about a plurality of points on

5 the surface to be illumnated and the illum nance

di stribution on the surface to be illum nated, for

eantl] dnappamadusefeadidec it edadigt forl EyampRpew ﬂhﬁﬁids& Patent
the pupil |um nance distributions about a plurality of
poAppcatoon Lasd-<pdémde. 32b€658) uni nat ed can be

neasured, for exanple, with a distribution neasuring
dd0068] Zoltetnatively, thegdidribThenneaguisi#iomisteyd Sl ey be to
pupi | lum nance distributions with the distribution
neneasire ghe gaypik birahanceodistritadians aboutaa phatdity of points on
which the wafer Wis retracted from the optical path.
Tibe diugfadebta ihenilemdnated ganid the dllzmimasca gistrilouteon on the
menber 20a, a,condenser |ens 20b, and a photodetector
266rfacer to deamduminatede fort eachdiofeappanatus dabricated actually.

[ 0069] . The pj nhol e nber 20a is | ocated at the .
D epifé@aqgf, dlﬁ @unﬂrﬂlgnwgnsﬁ shstributions ahosit @gelusality of points

optigal systemPL (i.e,, a_height where _an exposed .
o Qi TS swttacs 60 vagr thimpinated gape ¢ sReaBeddlaruexample, with a

expaosure). The pinhole nmepper 20a,is,.located at the

f 1%%%154 %uﬁng @¥ICE SE@W@eH@, 124 dns Tj@om%as@rement
t he. phot odetector 20c .is .located at the rear, 20 focal .
p&di ¥iCoRUBH {HBIAHEe ﬁlé%w'bpaﬁ@s J0Hh e dipgitaition measuring

3555030 LA ReE BB ISR SV Bk o
Oune BRI gt 138, For RSB S50 B, IS ot
e P9 SRR B RS B e e, o
Rl LR B hahobELEPO Per ot on OF The

dfﬁl%é]i ﬂesbﬁﬁl?(ﬁ% member 20a is located at the position of the
imaging plane of the projection optical system PL (i.e., a height where
an exposed surface bf the wafer W is to be positioned during exposure).
The pinhole member 20a is located at the front focal position of the
condenser lens 20b, and the photodetector .200 is located at the rear
focal position of the condenser lens 20b. Therefore, a detecting
surface of the photodetector 20c is located at a position optically
bonjugate with the position of aperture stop AS of the projection optical
system PL. In the distribution measuring device 20, light- having
passed through the projection optical system PL travels through a
.' pinhole of the pinhole member 20a, is then subject to focusing Operatidn

of the condenser lens 20b, and thereafter reaches the detecting surface
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-36 FP06-0501-00 of the photodetector 20c. [0070] In
this way, a light intensity distribution corresponding

to that at the position of the aperture stop AS is ¥FEpPp6-0501-00

formed on the detecting surface of the photodetector

20c. Namely, the distribution neasuring device 5 20
nmeasures the light intensity distribution forned at

the position of the aperture stop AS (a position

opdf thel photodefecyat 200i t h the rear focal plane of the
mcro fly's eye lens 5) by a |light beamarriving at

t HE0F0RHol thinivay, hdighmintdresityedizerib@fen doreespoadinygptd that at
| um nance distribution about the pinhole point on the _
s ithe guasition i’ fhel apertireestop GABsisdfioentedyontthe dutgiting Qurface

| um nance distributions about a plurality of desired
painthe photddetector atlie. tNaheely) thevidisttibdtioanmeasuring device
measured by repeatedly carryi r]g out the neasurenent

wi{ measores thenkghhintensitodistgbution fosinedoat the pdsétion of the
pi nhol e of the pinhole menber 20a through

t vapetiuge 550 AN (arposition optagallyheoniaigate wiitlythesasifoca] plane
the, pl ane perpendicular_to the optical axis 15 AX of

t t%ﬁd]ﬂé@n Hi'sosita s B by enlight bpauragriving at the pinhole of

il]um.,nance disfiribution on the surface to bhe .

il %rﬁlﬂﬁfJ%dHteéﬂ%elb Oe 28 urd @uptlolunainanse cdisibutiom about the
i 1l,um nance neasuring device, 25 shown in Fig. 1Q. The
rPiabelerRRit Op PRSUT a%@%@@ma@tedbu@wequﬁnﬂym@ pupil

“i Ll um nance. neasuri ng, device 25, is sp carr,ied out in
a lglfné&l%ﬂ%ﬁaﬁéﬂamleﬂs 31%@1%&3 waiw 9@95#1‘53@%&% ehaurface

ath. The il l.Lum nance grTEasun n evice 25 is
h

OB8. SauiithBiated soan B¢ vnerTed Y otmsatedlgy cagyme out the
AR AIETELD  wiblen B HimPrkioB ALl T Vinge the opesitiosn of the
° Bibiie 38 Fihod iber 20 Bt sihensional movement
CBRIAE viaret g WO Hong thE piSEe petndibanlad 16 dhe Offtical axis

AX of the projection optical system PL.

[0071] The illuminance distribution on the surface to be illuminated can
be measured, for example, with an illuminance measuring device 25
shown in Fig. 10. The measurement of the illuminance distribution

with the illuminance measuring device 25 is also carried out in a state in

- which the wafer W is retracted from the optical path. The illuminance

measuring device 25 is provided, for example, with a photodiode 25a as

a photodetector for measuring the illuminance distribution on the

- imaging plane of the projection optical system PL (i.e., the surface to be
illuminated). The output of photodiode 25a is connected to a signal

- j prdces'sor 25b.

[0072] The illuminance measuring device 25 is arranged to
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- 37 FPO6-0501-00 successively neasure illum nance
distribution data at each of positions on the imging

pl ane of the projection optical systemPL via the FP06-0501-00

phot odi ode 25a t hrough two-di nensi onal novenent of the

waf er stage W5 along the plane perpendicular to the

optical axis AX of the 5 projection optical system PL.

It is also possible to adopt a configuration wherein

a splcuesdively afeaptind diraiiemcebdistibulivg® -dath HeRaLBNA pdsitions

arranged and wherein the illum nance distribution data

oron tthe imaging plhadeobfthe hprajeofiest opticalpsi s BBt ¢1a the

PL is measured all at once, wthout nmovenent of the

weftertodicaipe2 M6 thidughs twb stinpossordemosedzna ddithe wafer stage

anot her configuration wherein a plurality of

p¥odilodgstigSeplane péipeadidylanrtoanbedopticaagizi AX hef the

waf er stage W5 is one-dinensionally noved to effect

s quardctipmeepticanesystash tHle i | Iunisnaalse gossibléduto oadopt a

data on the imaging plane of the projection optical

syondigupatiopoovizdreim ahelarilitst tpimttdddmldezsf 25e are two-

present enbodi ment, the next 15 step is to_determ ne

wissteasianadly aranged podiwherein thendbiminancedistringion data on

about the plural points on _the surface to_be

i theinaging Pﬁfmﬁ @Eﬂle projeeiioampsical systebuPilois measured all at

surface to be illum nat e%,@ whi.ch were__obtained by the

canse) Mithsitynevamsnt widhgevatar stage WS. bylt dsalso possible to

nmegsur enent usi t he devices 20 and 25, |is al npst

uaﬁpm ﬁm@iea %m'}gwﬂea wheesin g s?mzil.ty wighatediades 25a are

deternmined in the,determ nation, step 2 that _at

| Dngarly arreney and yghereiy e, syder ataaeni{ﬁ}ﬁ gRs-dimensiqnally
' iformto the

RSB e S e b Sssrbution
L bR ol i S e

ORI D8 SRt S PR B SR, SRR ob next
| Lﬂeﬁqsnﬁ)n G8tethithe WHLHRP 3R 8F IRS tpu%ii u?rrl{platn%et&gtributions
about the plural points on the surface to be illuminated and the
illuminance distribution on the surface to be illuminated, which were
obtained by the calculation based on the design data or by the

measurement using the devices 20 and 25, is almost uniform to a

-~ desired extent (S12). When it is determined in the determination step

S12 that at least one of the pupil luminance distributions and the
illuminance distribution is not so uniform to the desired extent (in the
case of NO in the drawing), the flow proceeds to a step S13 of
designing correction filters, On the other hand, when it is determined

in the determination step S12 that both of the pupil luminance

- distributions and the illuminance distribution are almost uniform to the
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- 38 FP06-0501-00 desired extent (in the case of YES
in the drawing), the flow proceeds to a step S 15 of

determ ning dot dense patterns of the correction FP06-0501-00
e

filters. [0074] The design step S13 is to determn

(or calculate) the required transmttance

distributions to be given to the respective adj ust nent

5 films, in order to independently adjust each of the
puleisiretwRtenn@a thdicake idfW ESnis éheadilaviihg ) piher fibwisioteeds to
on the surface to be illum nated and adjust the

i o step rsdricef détetmiitimol dot dendehsattarnt afehé cobection filters.
illumnated, if necessary, so that both of the pupil

| (604D dheddesignbstep B3 ando tdetermineu(omedicealate) the required
di stribution can be alnobst uniformto the desired
ettasmitti@cSpdistiibutadhsy tot be giveneto athe pespectives adfustment
the correction filters to be used are prefigured with

r éflexsgnice ordert e independentdyy adjust eatle @liphd¢ pupil luminance
| um nance distributions and the illum nance i
didéstribitions rabeait ¢t plunal pointseers theesiyrfaeaita be illuminated and
transmttance distributions to be given to the . ]
r edpasittheeilloninesce distribution o thelsufene fedé¢ sHuminated, if
adj usting each of the 15 pupil_Ium nance djstributions
aneeessaeyt b chgbibath oh thaepupil  hiseinapce edistnibutionsmtaad the
t o _bei.ng al npst, uni form while maintaining or .
adilyinance Kestribution erth e almost poifosm &0 theedesiredyextent.
tq be . lllym nated . to bejng .alnost, uniform [0075] The
ngnecsﬁ@ﬁfj ' he pumerangt Rosifeng @fithe copiestigaeilters to be used
di stribuytion 2Q abaqut plural points on.the surfage )
C BT CPIAIEIEA aPOlh aFICROREe! Ity A aRarmarign, ABGRF oiheorpupil

the surface.ta, be illunnated, i.n a state..in. whic he
Mmiiand istabriens i h¢ dohglifanes eTiuReslaled or

A B B AR o

 efippte RN, BB DS SRR SR B ot he
SR folant ALY of RERh EA suhee to be
~ illuminated to being almost uniform, while maintaining or adjusting the
illuminance diétribution on the surface to be illuminated to being almost
uniform. |
[0075] The next step is to calculate the pupil luminance distributions
about plural points on the surface to be illuminated and the illuminance
distribution on _the surface to be illuminated, in a state in which the
plurality of correction filters with the transmittance distributions
‘determined in the design step S13 are located at their respective
prefigured positions, i.é., in a mounted state of the correction filters

(S14). Specifically, the distribution calculation step S14 is to calculate

the pupil luminance distributions and the illuminance distribution with
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-39 FP06-0501-00 reference to the information about
the transmttance distributions and positions of the

respective correction filters in addition to the FP06-0501-00

af orementi oned design data information. [0076] The

next step is to determ ne whether each of the pupil 5
| um nance distributions about plural points on the
surface to be illumnated and the illum nance

dirsferehest itonthenirifoematiohagBoiothee transhiltthneé /listridiitivhs and
were calculated in the distribution calculation step

Shbsitionsl opstheunidspeotive cbereddonr efiiterst dnt dddifldpn to the
Wien it is determined in the determ nation step S12 '
t ladforeanehteased desigafddthenforpidtid®) | um nance

di stributions and the illum nance distribution is not
sq00u6] fldremnextt btepddsi teddeteremne (whether cash of H@ pupil
in the drawi ng), the flow proceeds again to the step
Signuhamiess | @Btmlgltmms eaoutn pflital epeinten ont the oshieface to be
hand, when it is determned in the determnation step

sillaminated towh the ilhempnaride (distribution dirstthebsuifics to be

and the illunm nance 15 distribution are _al nost uniform

t allumdnaied; veichxwene calenlatesd imdhe ailstrisltlom calmllatlon step
draw ng), .the flow proceeds tp the step

d Stk misniahigosh cuiderm éa sthep Alesaieds ezitenthésla%) retVben it is

f| ters. [0077] For exanple, after repetitive
etgrmingddpy die é&f@mn@tﬁ%fstm&%@mtgﬁﬁ lga%tpom@fath@ pupil

edlstrlbtl n cal cul n step,514, e flow 20
E‘é’é’é‘é%i?scq 1§"ﬁ LH%RHSe %{déﬁér Hﬁ‘#ﬁ'ﬁlwest E:l”@l-glqrb 1s not so

DA S5 BT T G . o

t %\%abbgé%%déeaéwigitﬁ"ﬁ REANEE fqﬁés'éé’ﬁiﬂgﬁ&%ar%é’@?é fefs

tﬂﬁ e Bittirdnid, SBhct & seditenitied b Fle AeRiEten, ?fiqp 532 that

d?)gihe o8, ‘Ehatvet hgsﬁ%g}c'g? SR Riors aand; e MubfBance
7 CULRBLLBA drb' ikt Bhifodh IS HREGEGNS extent (in the case of YES
in the drawing), the flow proceeds to the step S15 of determining the dot
dense patterns of the correction filters.

[0077] For example, after repetitive trial-and-error execution of the -
design step S13 and the distribution calculation step S14, the flow

proceeds to the pattern determination step S15 to determine the dense

pattems of light—blbcking_ dots necessary for realizing the required

transmittance distributions (transmittance distributions to be given to the
respective correction filters) calculated in the design step S13. The last
‘step is to manufacture the plurality of correction filters having the dot
dense patterns determined in the pattern determination step S15, and to

incorporate. the manufactured correction filters at the respective
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-40 FPO6-0501-00 predeterm ned positions in the
optical system (S 16). As described above, the pattern

determination step S15 and t he manufacturing- nounti @3306_0501_00
n

step S 16 constitute an adjustnent step of formng a

pl acing each of the plurality of adjustnent filns

wWth the required transmttance 5 distributions. The

adj ust rent nmet hod of the present enbodinent is
cprpdeteadingd tgusitioanriar thd Uptidal THet@ex (SR f iAsaideséribed
exanpl e of the present enbodinment will illustrate an
adpostreht pettbad detpahimatidn retepli §¥5anddadsdrmbalifacturing-
determining the required transmttance distributions

t endnentgng stept 816 ontitute areadjustment steptofdforiinpersl placing
instead of the trial-and-error nethod. Fig. 11 is a

f leaok lodthe plieatityiafeddjystahenti filns tefls the reduared transmittance
adj ust nent net hod according to the nodification
eiﬁstplbatlonst hd her edastmenib odetherd of| the pheseadj ermbodithent is
met hod of the nodification exanple shown in Fig. 11,

j gempleteidnint thés axnmer.ment net hod shown in Fig. 8, the

first step is to 15 acquire the pupil |um nance .
di 8978 b dheomsxtamedifieation example off thei prasenh embadiment will
surface to be jllumnated and the illum nance

dildestratet panadiistment sinethed eapalde pf wraadalye andszcrurately
Specifi,cally, the distributjon acqujsition step S21
 Qoresminma, fha éeq%e@ FrAnsmitiange rdistrihgionsota bengiven to the
el B, B AR b A i
R T L DA
B SR R SRR b b, 1
P i BRRR B d SSfeiioen APRICSH e s 11,
:;EJl(sﬁ gslnf;‘{ %?%@];@ést%}éﬂnlg{gﬂ?@f 3[38% é]ifl afgi. Etfﬁgeﬁrst step s to
agécﬂfi}érﬁ% pﬁ%ﬁlhﬁgnﬁ{é%\éme didtrBftiond about a plurality of points on
the surface to be illuminated and the illuminance distribution on the
surface to be illuminated (S21).  Specifically, the distribution
acquisition step S21 is to calculate the pupil luminance distributions
about plural points on the surface to be illuminated and the illuminance
distribution on the surfacé to be illuminated, based on the design data of

the illumination optical apparatus (1-PL). Alternatively, the

aforementioned devices 20 and 25 are used to measure the pupil

- luminance distributions about plural points on the surface to be

illuminated and the illuminance distribution on the surface to be
illuminated, for each of apparatus fabricated actually. |

[0079] The next step, just as in the adjustment method shown in Fig. 8,
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-41 FP06-0501-00 is to determ ne whether each of the
pupi |l |um nance distributions about plural points on

the surface to be illumnated and the illum nance FP06-0501-00
h

di stribution on the surface to be illum nated, whic

were obtained by the calculation based on the design

data or by the neasurenent with the 5 devices 20 and

25, is alnmost uniformto a desired extent (S22). Wen

i tisite digbaninenedetiiert fechdef eiepnpili Rimisaape Wetribiaiortabout
| east one of the pupil [um nance distributions and

t hslurdll poimenoa thestsurfucei tm bes illaimimatediniridonthe t Bhirhimance
desired extent (in the case of NOin the drawi ng), the

f |distributosredn the sanfaspio dei illmimated, sphis?Bwete bbined by the

pupi | l'um nance 10 distributions. On the other hand,
whaadctlation basesd onnde desighedatdetveiby the inoeassremeBf vith the
that both of the pupil |uminance distributions and

t heviicesuR0 reanck 25 dissalmdrituniformn doad desirediektantr(S22)t hdVhen
desired extent (in the case of YES in the draw ng),

t He 18 [deleprinedetts the dgtermeipaten siep 322 dhat at degstane of the
dense patterns of the correction filters. 15 [0080]
ThHaipb bissmangs distigbutionss anéftheillusuisance Wistitndion is not so
di stributions .is to approxi mate each _of the pupil .

| pHLFeImE dodihet desirad @K?frat{omther@@pe@f N@ boths drawing), the
t surface to be illumpated, acquired in the .
ditlaWi BRRGESAS doqanseppieimetionsstep By 3a0f thgepapiti lwarinance

- pol.yngm al as fynction of pupil, coordinates on the
" digtmbvsiansn pZ}ﬂ | the itBer edvhsI At 8 éf&f«‘ﬂmne in the

2 RARainaliShafep 3231 Bt 1T Rso 7T, FoptL AR disgibutions
o e BTy miBanG qiBodfioPone Hmos SBattin & H Beired extent

it FREGrRERE VST PEly 8RB o8l oW o Brs iaaylep S27 of

of the

' B:;%@%Qrﬁlltngﬁg uirt :Zi%ﬁge tgg‘éf%&ﬁbﬁmel#@ﬁ?%i‘i? )ﬁéﬁ%%i p anong
. E EQOSW%AOAS&%x?&%Ei%”&éS 3ASE ﬁaueof)lllpﬁ 99 IhAgE S distibutions

is to approximate each of the pupil luminance distributions about
respective points on the surface to be illuminated, acquired in the
distribution acquisition step S21, by a predetermined polynomial as a
function of pupil coordinates on the illumination pupil plane,
Specifically, for example, the Zernike polynomials including the
Zernike cylindrical functions Zi(p,0) using the pupil polar coordinates
(p,8) on the illumination pupil plane as a coordinate system, are used to

implement fitting (approximation) of each of the pupil luminance

- distributions about respective points on the image plane (the surface to

be illuminated) of the projection optical system PL. The relationship

among the image-plane coordinates and pupil coordinates of | the
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-42 FP06-0501-00 projection optical systemPL, i.e.,
the rel ationship anong the i mage pl ane orthogonal

coordi nates (y,z), the pupil orthogonal coordinates FP06 0501-00

t he i mage- pl ane pol ar coordinates (h,a), and the pupi
pol ar coordinates (p,0) are as schematically shown |n
Fig. 12. Anong the 5 coordinates, h and p are
normal i zed radii, and a and O radial angl es of polar
?@bﬂﬂcﬁl@&ﬁ&p’ub@pgﬂl&teﬂq RID) 1.el uiengdlgGodslsipr Ao ﬁofhe image-
i s expanded as in Eq 1) Dbel ow, u3| ng t
Zglmek eortiydgoli cedrdinmeti 0s), ZiHep pRipil foeth I pedditlinates
on the inmage plane of the projection optical system
PKEMP thepimh e‘-pT@n’Zl ¢laP) coor@inats p(y),+ afdZeHe Ripil polar
+CnZn(p,0) (1 [0082] In this equation, C represents.
ceebfdiniatest 60,0} arbesr adpenaticly tshomm i Hige 12er nAksong the
polynom al's. Table 1 below presents the functions
Zrogsdinates, thand ir ste hernmtized radiihandyo aindt $ radiainangles of
out of the 15 function systemZi (p,0) in the terns of

't polateradedipatbynomi al s. [0083] TABLE 1 Z1: 1 zz p

cos O Z3: psin8 Z4: 2-1 Z5: p 2cos2 8 :
2§0081 b Azpupqlsbunmarpcﬁlstrllnmom dp,02)is @qpaﬁdedgas in Eq (1)

° 2106\’8,2141-8:'-111;11:1316 Zernike cylindrical functions Zi{p,0), for each point on
the image plane of the projection optical system PL.
I(p,8) = ZCi-Zi(p,0)
=C1-Z1(p,0) + C2:Z2(p,0)--+Cn-Zn(p,0) (1)
[0082] In this equation, Ci represents coefficients of the respective
terms of the Zemike polynomials. Table 1 below presents the
functions Z1-Z36 for the first term to the thirty sixth term, out of the
function system Zi(p,0) in the terms of the Zernike polynomials.

[0083] TABLE 1

Z1: 1

Z2: pcost

 Z3: psin0
Z4: 2p°’—1
yAK p2c0329_
Z6: p’sin2 6

Z7: (3p°—2) pcosh
Z8: (8p°—2) psing
7Z9: 6o —6p°+1
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FPO6- 0501-00 Z10: p 3cos3 A Zil: p3sin3A Z12: (4 p

2-3) p 2cos2 A Z13: (4p2-3) p2sin20 Z14:

(10p4-12p2+3) pcosO Z15: (10p4-12p2+3) psinA Z16: _ _
20p6- 30p4+12p2-1 Z17: p4dcos40 Z18: p 4sind A Z19: JEKK;OSOI 00
p 2-4) p 3cos3 A Z20: (5 p 2-4) p 3sin3 0 Z21:

(15p4- 20p2+6) p2cos2 A Z22: (15p4-20p2+6) p2si n2A

Z23:. (35p6- 60p4+30p2 4) pcosO Z24: (35p6-60p4+30p2-4)

psi nA° ZZS;lzp pp codgp 1+90,04 - 20 p 2+ 1 Z26: p

5cos5 A Z2 p 5sin A Z28: (6 p 2-5) p 4cos4 A Z29:

(6 p 2-5) S|n (21 p 4-30 p 2+10) p 3cos3 A
Z31: (21 BgtﬁSO P §h$g€ 3sin3 A Z32: (56 p'- 104 p

551 n20" 19) o 6012 233%%96E’?'zéoép‘s‘fgé’?)%lé’lmo .
4-60 p 2+§i1%20%2ﬁ)"*3)p sin2 8
Z14: (10p*—12p%+3) pcos®
Z15: (10p*~12p°+3) psin 0
Z16: 200°~30p'+12p°—1
Z17: plcosd 8
Z18: p'sind 6
719: (50°—4) p’c0s3 0
Z20: (5p0°—4) p’sin3 0
Z21: (15p°'—20p°+6) p *cos2 6
Z22: (15p°'—20p°+6) p’sin2 6
723: (35p°—60p*+30p°~4) pcosf
Z24: (35p°-60p"+30p"—4) psinf
Z25: 70p°—1400°+90p"—20p"+1
ZZG:IpﬂmSSB
227: p’sin5 0
728: (6p°—5) p'coss B
' 729: (6p°—5) p'sind 9
- 230: (21p"—30p°4+10) p’cos3 6
Z31: (210'—30p%+10) p’sin3 6
Z32: (56p°—104p"+600°—10) pcos2 0
Z33: -.(56,06—104‘04;1"60,02—10) p’sin2 6.
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Z35: (126p8-280p6+210p4- 60p2+5) psin0 Z36: 252
p' 6-630 p 8+560 p'-210 p 4+30 p 2-1 [0084] Therefore,

the approxi mation step S23 is to performthe fittingfEpp6-0501-00

by the Zerni ke polynom als for each of the pupil

| um nance distributions 5 obtained about plural

points on the surface to be illum nated (the inmge

pl ane of the prg’lecti on opti %al system PL), and t hereby

to cal cul aZ84t:hd 1 ZBep n-HE8Q pRff 2 L0 ent-s6Tip of 5) hecos 8

respective terms for each of points. Concerning the
fitting teZBEi:qud 26t ot he8ipi’H 2 16ionan68 odidsb) iokait Bons

(pupi | transmttance distribytions) by the, Zernike

pol ynoni al £3610 258% er en680i s rivdi) p0o—t20 p +30p " —1

af orenenti oned I nternational Publication WO02/ 031570

and Japanese Patent Application Laid-OQpen No. 2004-
126010. £085] In the adjustment nethod of the present
mi008#¢ atherafaeatipd approxienateon stapef28sistto pextbrat the fitting
the pupil | um nance distributions about 15 respective
pdiyhthe Bgrnake pplynamials foceadl of thepupid dupohgmearilisitribgtions
a function of the inage-plane polar coordinates (h,a),
arbtammedmbaut plaradrpointsoenithesseface to)he Bhyntnased (the image
coefficients C of the respective terns in the

z@lang of gbe yejrciion aptioak system Phe ansbthexebuttel galeulate the
Sg, (%{24). ggp,eci fi c_a!ﬁ}liy the evaljuation step S24 is .

t degmike iocfiicients dai winthe Zospraivg kerms nfosorgelo efapoints.
t hat expresses e pupil .l um nance distyibutions

: Bincerbing dhe fistinal Hebmigie, ol e PRIloRIEnce distributions
[ e~ pl ane ar coordinates (h,a), and,the pupil )

p 2}3&?11 C d%ﬁ’l%ﬁrﬁgaé@e( p&@jf?b‘@é%ér nng g thee dZ%I@tlk‘i? ngynomials,
the.pupi| | um nance djstri.bution. polynomal,. re ce .

| dereilite s Mt 0. the c afersmendidied darsipationsl PibiCation
J nt licati -45 EP06: 0501-

AT R0 s Bhpasie Palent fppliaiomleisiOpen No. 2004-

Aqalélo‘iatl on No. 2004-149698.

[0085] In the adjustment method of the present modification example,
the next step is to evaluate the pupil luminance distributions about
respective points by a pupil luminance distribution polynomial as a
function of the image-pléne polar coordinates (h,a) and the pupil polar
coordinates (p,0), based on the coefficients Ci of the respective terms in
the Zernike polynomials acquired in the approximately step S23 (S24).
Specifically, the evaluation step S24 is to set the pupil luminance
distribution polynomial that expresses the pupil luminance distributions
about respective points as a function of the image-plane polar
coordinates (h,a) and the pupil polar coordinates (p,8). Concerning the

~setting of the pupil luminance distribution polynomial, reference is

: r_nadé to the specifications and drawings of Japanese Patent Application
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[0086] The foregoing Applications describe the setting
of an aberration polynom al that expresses the

wavefront aberration of the projection 5 optical FP06-0501-00

systemas a function of the inage-plane pol ar
coordi nates (h,a) and the pupil polar coordinates
(p,0), and it is apparent that the pupil [um nance
di stribution polynom al can be set by a simlar -
t gcdid-Open Nov 2O0S-I6781D aﬂdwerapuﬂéseatli'zﬁanstﬁppﬁaﬂtmﬁ No.
arranged to determne the coefficients of the
r eBG149698erns in the pupil |um nance distribution
10 polynom al, based on the Zerni ke coefficients G of
t {80864 pklut foregbingre\pplicdtivmsZtescribe thelsettimg alfsan aberration
acquired in the approxi nation step (S23), and thus to
exmlynendal thatatxpresses ¢hp upavefront aber@tioins of i thet projection
about respective points kt)y the pupil |um nance
dicptidabsysiem @sl y fiendtéion ofthe imageeplanecpolay coasdinates (h,o)
di scl osed in the foregoing Applications and 15

otansk the pupdnpolen qa_orgumﬁ@%ﬁp, 60 p andxiaiplappasentathat the pupil
Zern| ke function Zi of a- SpeCIfIC terrrij and  a
cd@ﬁﬂn@m@@ndlsiﬂbﬂlﬁ!@nsp@bmomla ean e setebpupisimilar technique.
| um nance di st r| butign | ynom al i,s determ ned, for
exanfhie, magtn%et el eealuay qnaﬁt@p ne2hda, amsangad da defermine the
|n| e distribution of, correspondi ng Zerni ke

soeth %neaﬁi of the (rﬁsmcéwq frmomn éhe pyetl jumganseglistgbution

at respectivye Furt her attention is
- %@m&l 5 %ﬁp etE Zraik e Fogkticents ﬁl&hesﬁesepﬁptl&e terms
ter coefficient of the, ot term

| palanh}lq ﬁm% f dolypemyp ua%ﬁr%llyr@m %@prpglmatlon step (S23),

S%gﬁttﬂgeﬁ desfq%g&n 3}523]31@66 ﬁﬁe ﬁﬁ& urqI%%ge B}sg}gutmn.s about
S‘gétéfb%‘éqte' FAinf i 2 GBS aRE i oihEy relRPital <
IR ?t?%ﬂ? s%o‘;ﬁ%o%f@fbsgép‘ | éb?”ﬁor%ngfe@l@b%gpbgéﬁg% and

oo B0 1o I RN, of 4 2R Rigion 71 of o

UShOG A FeAHP dnd WM IS SHE B 'sBRcific term in the pupil
luminance distribution polynomial is determined, for example, by the
least-square method, based on an in-image-plane distribution of
corresponding Zernike coefficients Ci (a distribution bf coefficients Ci
at respective points). Furthermore, attention is focused on a Zernike
function Zi of another specific term, and a coefficient of the other term

in the pupil luminance distribution polynomial is subsequently
determined, for example, by the least-square method, based on an in-

- Image-plane distribution of corresponding Zernike coefficients Ci.
..[0088] In this way, the evaluation step S24 results in ﬁilally obtaining

“the pupil luininance distribution polynomial simultaneously expressing
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C&APTER ak dBE dPvR

- pol ynom al simnultaneously expressing the in-pupil

distribution and the in-imge-plane distribution of

pupi | lum nance distributions in this way, 5 it FP06-0501-00
il

beconmes feasible to analytically deconpose the pupi

| um nance distributions and to cal culate an opti cal

adj ustnment solution nore quickly and accurately than

by the trial-and-error technique of nunerical

opheé ninzptipid ndistrti butdog cditthe . inNanBerplarde kiaeitRsion of pupil

easier to capture features of the pupil |um nance

dilatminimce adistsibutadrison By tbiegl Sheymipil | luminance distribution

di stribution polynomal and it becones easier to have

a palgnemeslt siveulommanitsly expaesirsg teatin-fiiBdistiibatioaxand the

step S25 of designing correction filters is to

denamegeeplaperdistibutien ef puipel hexinaned distaiicrisancthis way,

distributions to be given to the respective

ad} hecosms ffeasible ito endoticablyi deecpeapdsat the gujpiktluminance

each of the 15 pupil |um nance distributions about

pldigtaibugionst endn te healsulatacant optieal iadjustimentedolitidn more

adj ust. the jllum nance distribution on the surface to

b&uigklyyansht aecuratelyedhagaby, the ttrial-apdierror teshnique of

pupi | lum nance distributions and the illum nance .

dinsimenicali pimazation witha computer.m Nemelyeitdeegonaes easier to

extent. Specifically, the initial step, which.is .
Ttlémwéapeiélsgrbb@mm Situagiom by the

the il]uni nance,.distrjbution on the, ,surface to pe

i Pupsh napeance iz naefamwa@ai and b berames wasies o have a

ac%ui si t.ion st e{o 21.. by a Zerni ke polynomal as a

f BREYNCGH V60T fBtica ES%\‘% pol ar coordinates (h,a).

03651 S B8 578 S Rtk AR 2o Bmine
OB, S BRI e BBl s SOHCNSS he

* ERRESOR Rl YR BREE ARG adl ot e
| Cf)ﬁ{)fl' filnitacR  dibATo TSR ShhyE ptllflraimpoliﬂtst B8 &8 Snljlrlfe?ce to be

illuminated and adjust the illuminance distribution on the surface to be
illuminated, if necessary, so that both of the pupil luminance
distributions and the illuminance distribution can be almost uniform to

the desired extent. Specifically, the initial step, which is carried out

. according to need, is to approximate the illuminance distribution on the

surface to be illuminated, which was acquired in the distribution
acquisition step S21, by a Zernike pblynomial as a function of the
image-plane polar coordinates (h,a). |

[0090] Furthermore, a transmittance distribution to be given to each
correction filter is expressed, for example, by a Zernike polynomial of

polar '_cbordinates on an optical surface as an adjustment film. The
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pol ynom al s expressing the transm ttance distributions
of the respective correction filters and changes in

the pupil lum nance distributions about 5 respecti Ve$P06-0501~00

points on the surface to be illum nated; and a secon
table T22 indicating a relation between the

coefficients of the respective terns in the Zernike

pol ynom al s expressing the transm ttance

di fol fovbitiel atsleofarkhprepas@@chi fstcrible T2 brintlidatiigs aarslation
changes in the illum nance distribution on the

ssdtaeent ahbe cokffucientst est the [@85Etivien tehins W@y thd hEernike
design step S25 is to deternmine the transmttance
dipdlyhbmiabnexpressieggheanadamittceadisaibutvenscof tiectdéspective
filters, for adjusting each of the pupil |um nance
dictrreédiicn fiteratnd ehaeges vie tho popil lominaece disttibations about
be illum nated to being al nost uniform while
maespedtivegomnts amljthe tsunfaceht® bl illvinmisnatesd ;darsd i Seddnointable
on the surface to be illumnated to 15 being al nost ]
urt 22 rimdicadingi somelatioopbetween ithe ceefiidients bf theneespective
coupling with reference to the evaluation result about

t Hermpapiln  theni Aemdlee dpolynammialensxpraisingd the transmittance
eval uation step S24 (specifically; the pupil ]

| shstiEndions of r theuresnecsiviey semiestions ifiltars sand whiapges in the
expressing the in-pupil distribution,and, the in-inage

2allpminanes distributipaprothepiisitacy ignbe dieminated.

B IR e W—

S o B eSS o BER i
RS SERES g e (BB SRS on
SRR BT b R i v o
BB oS 585 08 R
LRI, S BB R B4 o tnar

coupling with reference to the evaluation result about the pupil

luminance  distributions acquired in the evaluation step S24
(specifically, the pupil I[uminance distribution polynomial
simultaneously expressing the in-pupil distribution and the in-image-
~plane distribution of pupil luminance disfributions), the illuminance
“distribution information approximated by the Zernike polynomials if
'necessary, the correlation between transmittance distributions of the
-respective correction filters and changes in the pupil luminance

distributions in the first table T21, and the correlation between

~ transmittance distributions of the respective correction filters and

~ changes in the illuminance distribution in the second table T22.
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f slumdnated; agd;

di stribution on the surface to be illumnnated, in a
state in which the plurality of correction filters

with the transnmittance distributions 5 determ ned i NFPO6-0501-00

the design step S25 are located at their respective
prefigured positions, i.e., in a nounted state of the
correction filters (S26). Furthernore, it is

det ermi ned whet her each of the pupil [um nance

di[6092pFheomexakeey ipkoralc@atdtbe gugihdudiidragedistribations
ilTumnated and the illum nance distribution on the

s @bbat plina] hwidts on thersnefhed toWe dhumbrated ahduhatildminance
the distribution calculation step S26, is al nost
urdigtorbmtion ohethte surfade et batilliB2Ratedi nca staee in which the
required transmttance distributions were readily and
agduradity| wfdeoerevtioad fbigerst heithptthei tanisoritthred ndsedbutions
based on |inear coupling, instead of the trial-
andtemimednan hthe, delsigriettep nB24t o kocefedS22 thedul tespective
in determning that 15 both of the pupil |umnance
dipsefigbrad positions, tite, il ameuntss stitetofl the iconreatien filters
almost uniformto the desired extent, and the flow )
p{(d26»ds Murthemmetespitsty detenmined wihetharheadbt ofethse pupil
patterns of the .correction filters, [0093]. The
pdumanancset disibidtonn ahap ghoral spentsesr theesyrface to be

dense. 20 patterns Qf |]ght-blocking dots necessar
g e rﬁggml%cet ,dﬁtgxm.&@n@ the surfa%:/e to be

oilfemingech fhichopest CRISaiechtt o dprbition calculation step
© S 2fmit 005 BUABETHRTR feyes cZis dogRdn SinGie fequired
oSt AR ASFURTS, Ward reads HbarpuRirly dREnmned by
R 2 RS bbb 5L s Aol SERRS A e
nBOTTE PTG 551 PN BRIt R 7 PRt ipppining that
Lﬁgngle g?b%ﬁg ) %%%(ff ' Redi e Y b Rishy™ghd ' R HMuminance
distribution are almost uniform to the desired extent, and the flow -
proceeds to the step S27 of determining the dot dense patterns of the
correction filters.
[0093] The pattern determination step S27 is to determine the dense
patterns of light-blocking dots necessary'. for realizing the required
_ transmittance distributions (the transmittance distributions to be given to
the respective correction filters) calculated in the design step §25. The
- last step is to manufacture the plurality of correbtion filters with the dot
dense patterﬁs determined in the pattern deterrhination step S27, and to
incorporate the manufactured correction filters at their respective

-predetermined positions in the optical system (S28). The adjustment
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of the adjustnment nethod, the application of the
techni que of actually neasuring the pupil |um nance

distributions and the illum nance 5 distribution, to Fpe6-0501-00

the distribution acquisition step S11, S21 is

extremely useful, for exanple, in correction for

manuf acturing errors of apparatus fabricated actually

and in correction for tenporal changes of apparatus

i meplerdiof tine njdilifishtion exaniplefis tbenpdeteainnthid weayd

nodi fication exanples as 10 descri bed above, the

pl [0S thn tie abpuetdesaribedrémbediment hadagjodsfieation example
not limted to those with the predeterm ned

t reinthd adastmedt snethod; ithesippdicatienl ef the¢echnique of actually
di stribytions, but another potential configuration is,

f gneasixang| he spapilt haminange distdibutionghand nthensillyminance
digtribution different from that of incident light is
o@ﬁﬁtb%prbyt%ﬂ%ghmbuﬁ@ndwlsmm steay §1df S&1 IBextremely
incident_ |ight lieam by use of diffraction of a

diusetul oy exapnlealn epwaetion for soamyfachuring priers Of@pparatus
ab ge- descri be errch:)di nment and di fication exanmples,

tHfg prajescacuallyAnd @ coprpctipncior tseneral shanges pf apparatus
pr.oj ecti on optical system described in International
PUBIGREARHIBR: 2004/ 019128. It is al so possible to use

adB0931d5' RRchnbErie: omesdimient Gad anodfieatiuy sremples as
POk PERE SR ok PBRalRD of asgustancrtisnlises olibagadiuster are
L0, R R Ko SMBucons
ORISR Mo Rt b D AP B Bigion i, o
S5, S 8NP L R SR it rom
R e e e
gg?gg;eﬂgﬁgﬁ%eawwﬁ% of it RiH 4P L ik dbtRA Bpfilal' di€ment.
[0096] In each of the above-described embodiment and modification
examples, the projection optical system can be the catadioptric
projection optical system described in International Publication |
2004/019128. It is also possible to use the catadioptric projection
optical systems described in International Publication 2004/107011,

 International Publication 2005/59617, and U.S. Published Application

‘No. 2005/0117224. Among these, the catadioptric projection optical

systems described in the foregoing International Publication

2004/019128 and U.S. Published Application No. 2005/0117224 include

one or more path folding mirrors, and if the path folding mirror causes

the pupil luminance distribution on the wafer W as a surface to be
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enbodi nent and nodificati on exanpl es may be provi ded
wWth a conmponent for conpensating for the inclined

di stribution of the pupil 5 lum nance distribution. FPO6-0501-00

[0097] The exposure apparatus of the foregoing

enbodi nent can be wused to manufacture m crodevices

(sem conduct or devices, imge pickup devices,

I i_ﬂui d-crystal display devices, thin-filmmagnetic

heHuminatsd; 19 hayeianl inclinad idistrébutivek ofreetr mioe ofthé péurality

iII'lum nation optical 10 apparatus (illum nation step)

ad adppsioentg surfages eofi the badjustersfiar radh  of othedfangoing

the mask, onto a photosensitive substrate with the

pedikedinent @pdi capdification (exaposlese nsayephe provadedpidth a

of a technique of formng a predeterm ned circuit

p&OMpenat Hriggrepensating for kKee dschnph alistsdngian of the pupil

substrate wth the exposure apparatus of the foregoing

eiﬂ@@@mdtsglhléﬂ%t ai n sem conductor devices as

m [ces wll be described below wth reference

t &%ﬁ&emhﬁv\ém%ur@f appayatuss of| hgobpregreng iamsbodimagntzoan be
is to deposit netal film qu:il each . wafer

in Fig, 13 k .

| Hserhot omanifactyes ; migeasieynees semigpneycter devices, image
hot,oresi st onto the tal filman each fer in the
FB%‘%%@G%I&S%Q‘E%&*?%{S@ %é@faiysé%w% tglgqiﬁm magngtic heads,
tr f.er i mage of a tern. t.he sk, nto each
SRBD By o Apniiing au; ik  CiehisTrlo 0 rifugHumiBation optical

PR CIRP By YbT A e msin DARon e depnsferred,

g e P 8" SRR SR Bpion

ST T T GHdR groming
R detphniitd cBRhiii SR e RO BF b e DR BRI ReBRitive
S OAROETDRSHS BRI PO Blg it
SBi4iR SeibBAductor devices as microdevices will be described below

with reference to the flowchart of Fig. 13.

[0098] The first step 301 in Fig. 13 is to deposit a metal film on each
wafer in one lot. The next step 302 is to apply a photoresist onto the
metal film on each wafer in the lot. The subsequent step 303 is to
‘sequentially transfer an image of a pattern on the mask into each shot
area on each wafer in the lot through the projection optical system,
using the exposure apparatus of the foregoing embodiment. The
subsequent step 304 is to perform development of the photoresist on
‘each wafer in the lot and the subsequent step 305 is to perform etching
‘on each wafer in the lot, using the resisf pattern as a mask, and thereby |

to form a circuit pattern corresponding to the pattern on the mask, in
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devi ces such as sem conductor devices. The
above-descri bed sem conductor device manufacture

met hod permits us to obtain 5 sem conductor devices FP(6-0501-00

with extrenely fine circuit patterns at high

t hroughput. [0099] The exposure apparatus of the

foregoi ng enbodi nent can also be used to manufacture

a liquid-crystal display device as a mcrodevice by

f @achrghgsrardetan eack dvatert e Subséquemtusteppanclesde, formation of
el ectrode pattern, 10 etc.) on plates (glass

s Wik ttpagterngnine xypper elayersy aadhothgrs, ithetdbiys memstacturing
wi ]l be described with reference to the flowhart of
Fidgvices. such Fiag. semicenguctosr rdgviees.ng Sthep dbavé-sleseribed
execyte a so-called photalithography step to transfer
a SPRHEERAUSOT 5 dewite omapuiactprt oudhedt ipesmdisbsus atce obtain
(gl ass sybstrate coated with a resist, or the like) 15
wisERu epradiasion sdedcgp pwitthy extismelye fmer egrsuily patterns at high

enbodi nent. This photolithography step results in

f%ﬁqﬁgﬁ’ﬂ-ﬁe predeterm ned pattern including a nunber

of odes and ot hers on e ot osensitjve,

Sladghie THEPHHP FNDAraRS eﬁ@&@greemeg <mboginent can also
' f t d I t, . .

2 ghfq%t ?t%aﬂ'@npzt ang ge fe @g?ﬂ}ﬁgﬁegﬁr@g@aﬁv He as d microdevice

predgt er4m ned ttern js formed on the substrate.

TS BB Brediiid Saligrat {cfGuitBafity QerGpde pattern,

bl g BlAES JabisfBultGiatosd, o A amiis of & o, this

CUEREBL e UekaRbelinl B, Rfp kR B HihAd oF 48 4. n
0P 5, ) SBrighs e, B R4 caled
S B, 255 PP R AL e oo
SRR ot ok R SR TS, or e i
a558Mhe @xbbSied Apputdtdl BR Ble ({olPlifleCetiment. This

photolithography step results in forming the predetermined pattern

including a number of electrodes and others on the photosensitive
‘substrate. Thereafter, the exposed substrate is subjected to each of
steps such as development, etching, and resist removal, Whereby a
predetermined pattern is formed on the substrate. Thereafter, the
process shifts to the next color filter forming step 402.

[0100] The next color filter forming step 402 is to form a color filter in
which a number of sets of three dots corresponding to R (Red), G
(Green), and B (Blue) are arrayed in a matrix pattern, or in which sets of

three stripe filters of R, G, and B are arrayed as a plurality of lines along

| ) the horizontal scan line direction. After completion of the color filter
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cell), using the substrate with the predeterm ned
pattern obtained in the pattern formng step 401, the

color filter obtained in the color filter 5 form ngFP06-0501-00

step 402, and so on. [0101] In the cell assenbling

step 403, for exanple, a liquid crystal is poured

into between the substrate with the predeterm ned

pattern obtained in the pattern form ng step 401 and

t Hormahg rstép 1402, aobelhiassembhingt stepcdldiis foartied dutr miTie cell
step 402, to manufacture a liquid crystal panel 10
(1asgemblingystenl 4Q%iy fo agdeenblebs diguéd terystdlipenel (liquid crystal
assenbling step 404 is to install each of conponents
seh)ausiag beesibhstrate withiithe paedetermningd patemn obtained in the
di spl ay operation of the assenbled |iquid crystal
paRleTi | RgmiBgcHlgBt 401, Ea Ioploto Fltemppblainedidn the color filter

l'iquid-cryst di spl ay devi ce. The above- descri bed
néﬂﬁ@al%ﬁ%/%ﬁ@,aﬁmﬁm BY- the |iquid-crystal display
apiE) 1R e el aotoraitag a0y, Tor waaEiRio.d tigHdiayatal is
T e Kot kb
RS S e W8 B i
5 5 B P s O o AB 2L BT panc
(il I8, o LA byD SISy pa Sl Rstatind SR04 s to
AT PE RoRMBAEAET Bheb oF° 6 SPETpis BrBiE s Rackligh. ete.
Y AR R bE S RE B IR TR Rt g erystat
250l ot bRt he i LY MISBR B 5 The above-
wp ettt gHindq oA BNer tle BTN SBR SR dpvice
PREfRhRS st & 88R#A tRe liquid-crystal display device with an extremely

fine circuit pattern at high throughput.

[0102] In the foregoing embodiment the exposure light was the KrF .

excimer laser light (wavelength: 248 nm) or the ArF excimer laser light

(wavelength: 193 nm), but, without having to be limited to this, the

present invention can also be applied to the other appropriate laser light

- sources, e.g., an F, laser light source for supplying laser light of the
wavelength of 157 nm. Furthermore, the aforementioned embodiment
described the present invention with the example of the exposure
apparatus provided with the illumination optical apparatus, but it is
apparent that the present invention can Be applied to the ordinary

illumination optical apparatus . for illuminating a surface to be
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technique of filling the optical path between the
projection optical systemand the photosensitive

substrate with a nedium having the 5 refractive i nde)pP06_0501_00

of nore than 1.1 (typically, aliquid), i.e., the
so-called liquid imrersion nethod. In this case, the
technique of filling the optical path between the

projection optical systemand the photosensitive

sudsmingtedwexbepthiorithe masksamdbwadas. sel ect ed fromt he

met hod of locally filling the space with the liquid as

di(8¢03kda the fordguing nembodiahertbiti tatalam pBSHI49G&04dopt a

the method of noving a stage holding a substrate as

afiedupgyedobiding the epticajupathbdetwasndtlsc lprepttion optical

Japanese Patent Application Laid-Open No. 6-124873,

t K¥stest oyl dhe pb@%SﬁgSI@VIei gubsfratet withh & medium having the
h on a stage and hol di ng

pre eterrri_n&gl dept : a,
stpdactaye Neex ﬁ’£mOEﬂJﬂtﬁrbbtlh&HQIQﬁlbhIaohquld)nl.ﬁarthnes@ecaﬂed

Patent Application 15 Laid-Open No. 10-303114, and so
oﬁ.qw%ﬂérﬁ}%ewem F’cﬁﬂil‘égl sl%r@%ﬁéw,ythﬁ]ée@mWesof filling the

"GPPSR, | PBth nRstvieshh B agTeisSUPB] copGRd { Rutems and the
RN A SO N L LA
t FetBpR Bhaordlly) BUGRE  Dgnedsss (i % imidpostsdosed in
b S BB S Y s
oot i i e ot Plpidiba ad Ristlosed in
AR g S0P 1250 il o P24 i Mo of
AT RS PO o BB S e
Défsbcsjrﬁ%g? rl@ ﬁ‘ﬂéf@‘%‘gfi&?%ﬁi% s%egihﬁl F&pdiRR8 PdtbH Wpplication
Laid-Open No. 10-303114, and so on.
[0104] The liquid is preferably oné, that is transparent to the exposure
light, that has the refractive index as high as possible, and that is stable
against the projection optical system and the photoresist applied on the
surface of the substrate; for example, where the KxF excimer laser light
or the ArF excimer laser light is used as the exposure light, the liquid

can be pure water, deionized water, glycerol

(CH,[OH]CH[OH]CH,[OH]), heptane (C;H;s), water with H', Cs”, K,

- (I, SQ42', or PO, water mixed with fine particles of aluminum oxide,

- isopropanol, hexane, decane, or the like. Where the exposure light is

- the F, laser light, the liquid can be a fluorine-based liquid, for example,

~ such as fluorine oil or per'ﬂuoro “polyether (PFPE) capable of
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[0105] 1 light source 3 diffractive optical elenent 5
4 zoomlens 5 micro fly's eye lens (fly's eye lens) 6

condenser optical system?7 mask blind 8, 8a, 9, 9a Fp06-0501-00

correction filters 10 10 imagi ng optical system 20

di stribution nmeasuring device 25 illum nance
nmeasuring device M mask M5 mask stage 15 PL

proj ection gﬁti cal system Wwafer W5 wafer stage 55
FROB:som0ing Ghe B, AddB lightAn i | | umi nation opti cal
apparatus for illumnating a surface to be

i IDesdriptiod, ofReference §ymbelm from a |1i ght source,
the illunm nation optical apparatus conprising: 5 pupil
di[61PbbUt light $eumeng neans for forning a pupil

l um nance distribution wth a predeterm ned | um nance
di st ri bt didfragtivaeptical elemmenti on pupi| pl ane; and an
adj uster for i ndependently adjusting each of pupil

| uni nandeZoQNdEPs but i ons about respective points on
the surface to_be illum nated; 10 wherein the adjuster
has a pPunastorflysreygdens (HEsteyeuenates each of which

1jlss?|r f’ﬁ%fq?ﬂ;de%s@?oﬁﬁﬁéf@gtepﬁt h between the pupil
7 mask blind
8, 8a, 9, 9a correction filters
10 imaging optical system
20 distribution measuring device
25 illuminance measuring device
M mask
MS mask stage
PL projection optical system
| W wafer
WS wafer stage
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form ng neans and the surface to be illum nated, and
wherein each of the adjustnent surfaces outputs |ight

with a light intensity distribution different from gpp6-0501-00

light intensity distribution of 15 incident light. 2.

An il lum nation optical apparatus according to claim

1, wherein, where a first |ight beamis defined as a
light beamarriving at a first point on the surface

to be illum nated and whe@LAIM®Sond |ight beamis
defined as a |light beamarriving at a second point

di fferedt fAnmipéminbBohiopticapaipparamstfoe iHunfinatng @ swerface
illum nated, a change of light ‘intensity distribution

i hpbsatubyinptesk agiéh aflightdeam $torhigghghbsauncehr ough

the plurality of adjustnment surfaces is different from

a changtheillumipation epizeali appagaisridmprisimg: nposed by
passage of  the second |ight beam through the ]

pl ur al i pypdfdistigionherming messs 25 ferming a pupil luminance
illum nation optical apparatus according tqQ claim1 or
odistiihtienn WHe p upegdetgrnamesj mpingnce s Jistaduyiony eon an
| gcat ed at respective -56 FP06-0501-00 positions
dﬁﬁl@ﬂ@ﬁoﬁ PBﬁﬁéﬁélhescﬁﬂder al ong an optical -axis

direction of the_il|um nation opLical apparatus.._ 4. An

i |1 uni ndRiashussr fenindepsadantly aciushing ﬁ@cla@afamplbmance
cl,ai to 3, wherein each of the adj.ustnent, surface
hgbg“anguéoﬁﬁ ég@%?fﬂ)ﬁ%@"? PRHAtSan %lngﬁ“‘sq 10 e illymiggted;

0 A B A P e e Pl cach
T oA A2 000 0 8 i
1 iRl i She RutfREE o KRB Al ne
e ihetdin bhddtOthe®AdRtbiment “SriRtes Bufbths light with a
light intensity distribution different from a light intensity distribution of
- incident light.
2. An illumination optical apparatus according to claim 1,
wherein, where a first light beam is defined as a light beam arriving at a

first point on the surface to be illuminated and where a second light

beam is defined as a light beam arriving at a second point different from

~ the first point on the surface to be illuminated, a change of light

intensity distribution imposed by passage of the first light beam through
‘the plurality of adjustment surfaces is different from a change' of light

intensity distribution imposed by passage of the second light beam

- through the plurality of adjustment surfaces.

3. An illumination optical apparatus according to claim 1 or 2,

'wherein. the plurality of adjustment surfaces are located at respective
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an adjuster for independently adjusting each of pupil
| um nance distributions about respective points on

the surface to be illum nated; wherein the adjuster FP06-0501-00

has a plurality of adjustnent surfaces each 15 of

which is disposed in an optical path between the pupil
distribution formng neans and the surface to be

illum nated and has a predeternmined transnittance
dipstsitibng dififerent fiefnh @athrthedbRing duopoical-arid disectéom of the
the plurality of adjustnment surfaces are | ocated at

r aipatinatienpytical appaitdd.er ent from each ot her al ong

an optical-axis 20 direction of the illum nation

opti cal dappAnatihenirgitiotnopticalrappasatus aptortihg to any one of
apparatus according to claim4 or 5 wherein the
adjlaigner 1 coopBj sedhereihi resichadjfushere ndjustmieat estfacery las a
first transmttance distribution or first reflectance
dipsedetenmined tansmitancd distnbegonorrefleetanaackstribution.
different according to incidence positions; 25 and a :
second adj vdnniblsmisgripaceptiealiappasatisdondlluminating a surface
transnittance _distribution or, second reflectance

dite Dej lélﬁt%%ﬂ]&ﬁthéﬁl Ream fiomppBghEsaurge,
conmplenmentary to the first transmttance, distribution

or the fhe diuimination apteal apRATARIGBAPTITingAn

illum natiqn,optical apparatus according.to claim@6, .
wher e nPURE 4 rdpution JonRing Wa%édfpgm&mw% AufHBance

RSN oPest R bt DRSO °58 an
i Lhuni.nat ed arld V\/ne_rei(g the second adjustnent surface
i %11'1“5’&5&%“ BHp! tHl@f_lgm ce-to-be-illum nated side with
e et bt SL MBS RGENS e ARSI Ruminance
SR RgBSOBRE e Sy Mgty e bt
di st anc%&%i%fgeg}%aé@%sf?e?%a%da p?&llallli%f %%nédjﬁgﬁﬁgﬁtes&?gces each

t he conj

| of which is disposed in an optical path between the pupil distribution

forming means and the surface to be illuminated and has a
predetermined transmittance distribution or reflectance distribution, and

wherein the plurality of adjustment surfaces are located at
respective positions different from each other along an optical-axis
direction of the illumination optical apparatus.

6. An illumination optical apparatus according to claim 4 or 3,

- wherein the adjuster comprises a first adjustment surface having a first

transmittance distribution or first reflectance distribution of

transmittances or reflectances different according to incidence positions;

and a second adjustment surface having a second transmittance

~distribution - or  second reflectance  distribution 'subst_antially')
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9. An illum nation optical apparatus according to
claim7, wherein a first distance between the first

adj ustnent surface and the conjugate plane is FP06-0501-00

substantially different froma second di stance 15

bet ween the second adj ustnent surface and the

conjugate plane. 10. An illum nation optical apparatus

according to claim4 or 5, wherein the adjuster

cagmpbescrstaly r &t thej dststretransmifiame hdistritgution f or sthe first

transm ttance distribution or first reflectance

direflectamcedlistofbutioransni t t ances or refl ect ances

different according to incidence positions; 20 and a

second adj udmmeHumgnatias eoptivalngppasderatcording to claim 6,

transm ttance distribution or second reflectance .

divhenen the firstipdiustmieat surfiicefisrlopateds onrtha light source side

transm ttance distribution or refl|ectance distribution

comihagsprAly a eonjvgate planet oplieatly condigats swith the parface to

oremde first, reflectance distribution. 25 11. An

i IheuMumamated,and whereipghicaegond sustmantisirfacs imlegated on

wherein.the fir adj ustment syrface is | ocated on the

| itéﬁtsu%%s?zie-bﬁ~§iym1ry§etﬁ‘ﬁ ﬂnr@pecmﬂherm@gate@aae-
ate with the surface

' I ticall ' .
T A TR T
SHika 1 KOS o S i AL .
AL 8 AT S Bl second

it 0 CerRang HosT ik ie ne “conpl ment ary

transm {t an kStel Qution or srefl ectance di stributi,on
onahe: cesBn i Eiditn it e REHE BErOtfhe, & ¢t 7

; PREAEHLE GRS Rboe babkba b b ot puptare apd the

239 a?%gﬂanrf% ggj USHEAARMY" (788t Woth 39IsHRLHE "Histance

between the second adjustment surface and the conjugate plane.

10. An illumination optical apparatus according to claim 4 or
5, wherein the adjuster comprises a first adjustment surface having a
first transmittance distribution or first reflectance distribution of
transmittances or reflectances different according to incidence positions;
and a second adjustment surface having a second transmittance

distribution or second reflectance distribution substantially different

from a transmittance distribution or reflectance distribution

complementary to the first transmittance distribution or the first
reflectance distribution.
11.  An illumination optical apparatus accofding to claim 10,

“wherein the first adjustment surface is located on the light source side
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first transmttance distribution or first refl ectance
distribution of transmttances or refl ectances

di fferent according to incidence angles; and a secofP)s-0501-00

adj ust mrent surface having a second transmttance 15

di stribution or second reflectance distribution
substantially conplenentary to the first _
transm ttance distribution or the first reflectance
diwithirbspéatrio aldonjisgatd plamenapticallyoponumlatamyith dheisurface to
according to claim 13, wherein the first adjustnent

s (oef Aimnimmtédycatewheneinhthel segbndsmljusteeritdmrf®e isilobated on
respect to a conjugate plane optically conjugate with

t he istitfaseratbeillpmpated i sade witintesphet 8 thet ¢enjugeterplane.
adj ustment surface is  |located on the . .

sur f ace-1f20- bAniillumminatioadopticid apiparatte siseording tohelaim 10 or
conj ugate plane. 15. An illum nation_optical apparatus
adderdheteinoths fdinater adigsisheneilliminanneadigribotinsenn the
the first adjustnment surface and the cgnjugate plane

i Sustgsst ot bal uminated: Aogomdisgartee apatitiessnaendetween the
secon -59 FP06-0501-00 _adjustment syrface apd the,
c SRAMRIsmentayhgangmittageq distribyaen oF e @ﬁ@@peéﬁ igg and

according to cl aim14, lerein a first distanc

bdieSRCOME {TANSIIHANGS t ﬁmlﬁl&%c@r aHhe t fecond  reflectance
copj.ugate plane is substantially different froma
sgggﬁg’“@(’@t ance 5 between the second adj ust nent

surface,and t he.conjugate pl.ane. 17. An illym nation
opti cal lappaiBrillmainalon opfica) anparays arcordmg, i clilm 4 or

S A5 o RIS S Bob bR AR pvins o

ket RS0, of PP ERRGR S dighation of

B B0 BB PSS 8 B SR angles

dbAH" 1P W8S %%fﬁﬁ%éﬂl 'YL ?fa@fﬁg a second transmittance
“distribution or second reflectance distribution substantially
complementary to the first transmittance distribution or the first
reflectance distribution.

14, An illumination optical apparatus according to claim 13,
wherein the first adjustment surface is located on the light source side
with respect to a conjugate | plane optically conjugate with the
illumination pupil plane, and wherein the second adjustment surface is
.located on the surface-to-be-illuminated side with respect to the
conjugate plane.

15. An illumination optical apparatus according to claim 14,
wherein a distance between the first adjustment surface and the

conjugate plane is substantially equal to a distance between the second
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froma transmttance distribution or reflectance
distribution conplenentary to the first transmttance

distribution or the first reflectance distribution. FPO6-0501-00

15 18. An illum nation optical apparatus according to
claim17, wherein the first adjustnment surface is

| ocated on the |ight source side wth respect to-a
conjugate plane optically conjugate with the

| | ddjostnaentosurfage dndtleneonjagdtenplanel n t he second
adjustnent surface is |ocated on the

surf ace-t- b i lhomimsti @ opitivel wipparates pecording te cldm 14,
conjugate plane. 19. An illum nation optical apparatus
acebediing tforst |distantd watweea, thehfirst adjustmad} sutrface and the
adjusts an illum nance distribution on the surface to
becanjiigatiengtlade #ccwbdtangially adififerént efitom et sewemd: histance
caonpl enentary transmttance distribution or

r digtecerribe serend iadjnstoment surfase ahd thecomjugate plane.
transmttance distribution qor the second ref] ectance

di st ri but7.onAn Bbimppéicysoptical apparais peeending o gaim 4 or
optical apparatys according to any one of clai 4 to,
19%: F&in églqs’éﬂsﬁ‘i)mﬁ% &ji%g'ﬁfr aamst@wnb isurface having a
refl ectance. distributjon of each of the adjustnment .

s diphc Banpatanes, edLsGiaron 408t A1rstit reftectance) diggribution of

s 2R R Rkl FRIGERS Shees

A T i -

TSI e DERUES HuBhBRR sSBoRRRy Smeen

Dt S TSRO, FOBRER Mesvibution

b%%%ﬁlieﬁ?en%ry to the first transmittance distribution or the first
reflectance distribution.

- 18, An illumination optical apparatus according to claim 17,
wherein the first adjustment surface is located on the light source side
with respect to a conjugate plane. optically conjugate with the
illumination pupil plane, and wherein the second adjustment surface is

~located on the surface-to-be-illuminated side with respect to the

~ conjugate plane.

19. An illumination optical apparatus according to claim 17 or
18, wherein the adjuster adjusts an illuminance distribution on the
‘surface to be illuminated, according to a difference between the
complementary transmittance distribution or reflectance distribution and
the second transmittance ._'distribution or the second reflectance

_d_istribution.
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a location where the light beamto arrive at the
predeterm ned point on the surface to be illum nated

passes through the second adjustment surface. 15 22FEppg-0501-00

An il lum nation optical apparatus according to claim4

or 5, wherein the adjuster conprises a first

adj ustnment surface having a first transmttance
distribution or first reflectance distribution of

transm Q0ancAs itunieationt apies shpdransnicoeedigdtagny one of
i nci dence positions; and a second adjustnent surface
halding & $echdwheasianthd armsniftadcst distritbutdon wr reflectance
second refl ectance distribution of transmttances or

r disteibuaione ofdidatchr eft the caduistrgend surfacksnde angkesn-order
23. An illum nation optical apparatus according to any
odestoibutionai ms 1 to 22, wherein each of the adjustnent
surfaces is formed on a plane of an optical nenber

havi ng 24i d Ahabeminstipn. opticall dppeiratusi ancoogingetd any one of
apfqratus for illumnating a surface to be ]

i claimshtted, 9ta h4aand gift tobéAnwheseinathei plhiralityue £ edjustment
-61 FP06-0501-00 _the i|lum nation optical apparatus
céﬁbép@ﬁ Agelugler pr Erstaadiustment ufacgcandi & pesendi admstment
optical path between an illumnation pupil plane of

t Barface aichat i on opti cal apparatus and the surface to

be illum nated and ip an optical path on fhe Iight
source ¥hszem waltlghtr g@%@cﬁlzﬁoataa d@ﬁftﬁy@tatwfl@leaaehg%t beam to
optically conjugate wth the surfac

to . be, .
i PITGYS 3hieBre RedReIRt on the purfacete benilluminated passes
di,stri [ r first reflectance distributian .of .
+ WituiaPithi Fiksb bdiushBent SEHAEE &S Ui Ferent Hom Aciehdromnisize at
i ngi.dence sithons; d a second adj,ustment surface .
of dEARAT REc ot R kEPeR 1 T %t HisoRradsgermined point on
i RaEof, Ui R ANead L1e SULLRCRL Q81 adjustment
sgslﬁrffggee-to- be-illum nated side with respect
22.  An illumination optical apparatus according to claim 4 or
5, wherein the adjuster comprises a first adjustment surface having a
first transmittance distribution or first reflectance distribution of
transmittances or reflectances different according to incidence positions;

and a second adjustment surface having a second transmittance

~ distribution or second reflectance distribution of transmittances or

reflectances different according to incidence angles.

23. An illumination optical apparatus according to any one of
claims 1 to 22, wherein each of the adjustment surfaces is formed on a
plane of an optical member having said plane. |

24. An illumination optical apparatus for illuminating a

surfac;e to be illuminated, with a 1_ight beam from a light source,
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to the conjugate plane optically conjugate with the
surface to be illumnated, and having a second

transmttance distribution or second reflectance FP06-0501-00

di stribution of transmttances or reflectances

different 15 according to incidence positions. 25. An
illum nation optical apparatus according to claim 24,
wherein the second transmttance distribution or the
second rthé ikotrinstgon psical bpparatud compiant i al |y
conplenentary to the tirst transmttance distribution

or the faifisst adgidtemmscefadesdispdbsed onan 2ptieal Fﬁth between an
il 1 um nation optical apparatus according to claim 24,
whHumiinatioe mupibydane arfsthiet ilmménation roptical @pparatubeand the
second reflectance distribution is substantially
disitkacertp e divminated swid irman epdicad patiuondhedight source side
refl ectance distribution substantially conplenentary

t gvitheespactto a cenjughte plane epticallybaonjmgate wittethd suitface to
reflectance distribution. 25 27. An illum nation_

opei dhumipgiedatnd heving lafimtttrangmittaneef distribotion or first
il IHrri nat ed, Wlbh ali %ht beam froma |ight source,

- seflegtgpcesdistibutipne ail Itransmaitianses por c a¢flegipnces udifferent
conprising: ,a first adjustnment surface disposed in an
oﬁgg‘éféﬁﬂ%g@ AOgidenee Rositions; Badi nati on pupil pl ane of

the illum natipn optical apparatus, and the surface to

be illufti FEEYY aRUSHNEAL opiacs %&pﬁs imethej gitical path

e side. i,t h,respeg 0 a cqQnj ugat | ang .
B EEer S dpiae GORHIPI plans ara e pirtase 0 be illuminated

TR et B, et o PR 50 S it respec

1 bR iie oblaggq o FicBllgn golinarde naiith dhFr aeate fo be

AT 2 56888 BB ELebgion or scond

Ay BB O Bcances ifrn
according to incidence positions.

25. An illumination optical apparatus according to claim 24,
wherein the second transmittance distribution or the second reflectance
distribution is substantially complementary to the first transmittance

 distribution or the first reflectance distribution.

26. An illumination optical apparatus according to claim 24,
‘wherein the second transmittance distribution or the second reflectance
distribution is substantially different from a transmittance distribution or

-reflectance  distribution substantially complementary to the .ﬁrst
transmiftance distribution or the first reflectance distribution.
| 27. An illumination optical apparatus for illuminating a

surface to be illuminated, with a light beam from a light source,

62-



10

15

20

to the conjugate plane optically conjugate with the
surface to be illumnated, and having a second

transmttance distribution or second reflectance FP06-0501-00

di stribution of transmttances or reflectances

different 15 according to incidence angles. 28. An

illumnation optical apparatus according to claim 27,

wherein the second transmttance distribution or the

second rtheliHatrnagon dipgical bppaeitus sompeisingt i al |y

conplenentary to the first transmttance distribution

or the fa fisst adjbistendrarsuefabiesdispbsed dnan 2ptial between an

i1l um nation optical apparatus according to claim 27,

whillustinatibe pepibplane 2ot the i Honsnaliist roptival cpraaratuseand the

second reflectance distribution is substantially

disuracerio be dluminatedsarid iraaneoptical pathitdnotheolight source side

ref| ectance distribution substantially conplenmentary

t ovithgespeaitto a comisigate prane dptcalipoonjugate witle thié sstface to

reflectance distrjbution. 25 30. An illum nation

ogtq sdnmingtedatand theving | airfisshttransmittaneef distributiba or first

il Iﬂrri nated, with a light beamfroma |ight source,

- gotlepigpcosdistodutione off | wamsmittancesporcaeflapiances udifferent

conprising: .a fjrst adjustnment surface disposed in an

o&FP@%Fﬁn prn gdngles;ianduni nati on pupil plane of

the illum natiogn ti cal apparatus.and the surface to

be illufi ﬁ&?@@& aaﬁiﬁﬁwnﬁgsgﬁgce stlispoged nin t theceoptical path
jon,or .5 first reflectance. distributi

¢ PERYReR dhRUSmiRafioniouLleRe andrbeeni ot o ber Mymainated
R I ﬁtﬂf Eﬁfg}gg&gﬂ?@?ﬁ%@g 5@% %gghe gaspect
A1 the”ReeBHls IS AElse Sobdvaatsuribh Ge sulldee to be

+ BB AREE b, Bt BB R de. fiaBufon or second

PPSLAASe distribution of transmittances or reflectances different
according to incidence angles.
~ 28. An illumination optical apparatus according to claim 27,
wherein the second transmittance distribution or the second reflectance
distribution is substantially complementary to the first transmittance
distribution or the first reflectance distribution.

29. An illumination optical apparatus according to claim 27,

. wherein the second transmittance distribution or the second reflectance

distribution is substantially different from a transmittance distribution or
reflectance distribution substantially complementary to the first
transmittance distribution or the first reflectance distribution.

30.  An illumination optical apparatus for illuminating a

- surface to be illuminated, with a light beam from a light source,
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wherein a |ight beamsize at a | ocation where a |ight
beamto arrive at a predeterm ned point on the

surface to be illum nated passes through the fi rst FP06-0501-00

adj ustnment surface is different froma |ight beam sizeé

at 15 a location where the |light beamto arrive at the
predeterm ned point on the surface to be illum nated
passes through the second adjustnment surface. 31. A

met hod ahe adjmshation bpeical hpparaaid @csmgpitsi | appar at us
according to any one of clainms 1 to 30, 20 the

adj ust manfirsteidpestnemputBicealisposuibin ah witicahpsth between an
di stribution cal culating step of calculating pupil

| aunEnationi mupil planerd theoillumimtivraldpticablfapparatus @and the
the surface to be illum nated, based on design data
ofsutfaeeitdbenil ainated pridchévingpp first tusnsmaBtance distribution or
di stribution determ ning step of determ ning required

t fet neflectanee dlistribivtion ofisransmutdnees arceeflectances different
distributions to be given to the -64 FP06-0501-00

r @sperding o augidenpe posgimisgensd, in order to

i ndependent |y adj ust each of the pupil |um nance

di st ri bat iseséndpadiustmenp| surface ydispoped nirs; thendoptical path
adj ustment step_ of formng and placjng each of the
pbgkaeen yhe siluminaidonempikplanecard the surfase todhre tliménated,
required transmttance 5 distrjbutions or reflectance
d?—&érlirl%‘apgoﬁssecgﬂd mansEifance: stistribution ot cecandgraftectance
claaim 3L, further conprising i1l um nance )

d Filﬁtgbklﬁppo AT cURBSINEEAtESSs OF pr%fecé&lﬂ%@ﬂ tifiggergnaccording to
illum nance .%Li stribution on the surface to be
iiﬁ%ﬁ}?lﬁ%ﬁga§l I98Sed on the design data, 10 wherein the

St 1 UL LoB SeenT 1100 2P, CRTRELSES GRSV A1k cam 1o
At rellclgre E%etrﬁiliggaiﬁ)or}%t ) ﬁl% surface to be illuminated passes
through the first adjustment surface is different from a light beam size at
a location where the light beam to arrive at the predetermined point on
the surface to be illuminated passes through the second adjustment
surface. |
31. A method of adjusting the illumination optical apparatus
according to any one of claims 1 to 30,
 the adjustment method comprising:
a pupil luminance distribution calculating step of calculating
‘pupil luminance distributions about a plurality of points on the surface
to be illuminated, based 611 design data of the illumination optical
apparatus;
a- distribution determining step of determining i‘equi_red

 transmittance distributions or reflectance distributions to be given to the
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given to the respective -adjustnent surfaces, in order
to adjust the illum nance distribution. 33. A nethod

of adjusting the illum nation optical apparatus 15 FEFp06-0501-00

according to any one of clainms 1 to 30, the adjustnent
met hod conprising: a pupil |um nance distribution
measuring step of neasuring pupil |um nance

di stributions about a plurality of points on the
suekpectivd adiustinehtiurfatey; in26rder do Shdéperidennly adjust each of
determining step of determ ning required _

t rthegipil hrmmadics tdisthiltitors aboutehé plambite of points; and
distributions to be given to the respective

adj ust nment adjmstraent steipnod folemirtg and qdpeingeeddly of dhe gurality
each of the pupil lum nance distributions about the

plafr ddjustnsitpsiniases awdthanthedjrespemive seapiref] ftoansiomigtance
and pl acing each of the plurality 25 of adjustnent
suhisdugians: or reflectangeedistiibutiongii red transnittance

di stributions or reflectance distributions. -65

FPO6- 05G2- 00 A Adjustmentusetbod secomsingctoralaimg 86, further
claim 33, further_ conprising an il]um nance .
diCOMPHSIEFAN inancg diskppwiomsalewlatieg step of calculating an
il.i um.nance distribution on the surface to be

i HHuminanes distrbrEon emdhgissifagsuta be 1 a¢l, lepsedepn the
coppri ses, calculating 5 the required transmttance
di%S18h8e#i¥ons or refiectance distributions to be

given to the.respecti.ye .adjystnment, surfaces, i.n order
Do adj uSTRERIn 155 CLSHIRNHOE SFTRiBing sD HPHSewcAkHlating
um,n on optical

2313%‘?%%%@ gfabgfrlihh%cquils%}ib}lﬁgn qrge@ggpﬁgre?chgtsﬂbutions to be

- adj. ust men&]6 t hod conprj.si | um nance
di [

| : il )
Y 0t R Teoher i Pafirent” sBEGeesn gl (oreF to adjust the

illuminance distribution.

33. A method of adjusting the illumination optical apparatus
according to any one of claims 1 to 30,

the adjustment method comprising:

a pupil luminance distribution measuring step of measuring
pupil luminance distributions about a plurality of points on the surface
to be illuminated;

a distribution determining step of determining required

~ transmittance distributions or reflectance distributions to be given to the

- respective adjustment surfaces, in order to independently adjust each of
the pupil luminance distributions about the plurality of points; and
an adjustment step of forming and placing each of the plurality

- of adjustment surfaces with the respective required transmittance

- distributions or reflectance distributions.
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| um nance distributions about a plurality of points on
the surface to be illum nated; an approximtion step

of approxi mati ng each of the pupil 15 [um nance FP06-0501-00
d

di stributions about the plurality of points acquire

in the pupil lumnance distribution acquiring step,
by a predeterm ned polynomal as a function of pupil
coordinates on the illum nation pupil plane; an

eval uat 3dn sAep adfustrainiatiethod hacqutding | tonicheine €33 2Further
di stributions about the plurality of points by a pupil
| gonamsiag ati dluminericendistilymoon aheasiring stept oODmeakuring an
i mage- pl ane coordi nates and the pupil coordinates on
t hdusunfimcedistribetion oartheateticetadsdilbminatedSf i ci ent s
of respective terns in said predeterm ned pol ynom al ;
a step othabimihd distributioneleteiminingt steprcarhprises calculating
transmttance 25 distributions or reflectance
dithe required frangmidanco distbutiope orirefectagce stisteibutions to be
surfaces and changes of the pupil |um nance )
digéven et the sespedivepasljogmenosusfboes, theordenrta iadjust the
of _ poi.nts; distribution determ ning step of
d S EinaRGedisEENMEQY transmittance distributions or

en to the

B b S i opticl appars
FSEOBE T ARy ATl 6T SREMBIILIaF08 y of poi nt s, based on
he cor 8 SRSTmERGmetind SapTisiont otep of formng
o g RGP B S A g pop
bR SRS BRSSP P FlS o e
gﬁ%ﬁtgghgnahl | um nance distributi o.n acquiring step
an approximation step of approximating each of the pupil
luminance distributions about the plurality of points acquired in the
pupil luminance distribution acquiring step, by a predetermined
polynomial as a function of pupil coordinates on the illumination pupil
plane;
an evaluation step of evaluating the pupil luminance
distributions about the plurality of points by a pupil luminance
distribution polynomial as a function of image-plane coordinates and
the pupil coordinates on the surface to be illuminated, based on

coefficients of respective terms in said predetermined polynomial;

a step of obtaining a correlation between the transmittance

- distributions or reflectance distributions given to the respective

-adjustment s_uffaces and changes of the pupil luminance distributions
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il lum nance distribution on the surface to be
illumnated; and a step of obtaining a second

correl ation between the transmttance distributions FPQ6-0501-00

or reflectance distributions given to the respective

adj ustment surfaces 15 and changes of the illum nance

di stribution on the surface to be illum nated,

wherein the distribution determ ning step conprises

dealeutithepdurality ofgupintsed transmittance distributions

or reflectance distributions to be given to the

respect i ¥ e dagiribstionnt deterfaisng  stepor dér determlinisg  trequired

20 illum nance distribution, based on the second

corarsraittance distribytiony osreflentanes disributionsitadetgiven to the

claim 35 or 36, wherein the pupil [ um nance .

dixgspeefiive adjusbaent sufaces pn@ndgr ite dadependantlt adjgst kach of

pupi | lum nance distributions about the Pluraligy of

pda%ﬁtl@lm yiRenanger disihwions abowhiheapbualinaetpouits, based on
he., 25 illum nation optical apparatus.

o bhsievaation ey HeHERStas End dhe coBtig: and
(0,010 B 39, sherch B e BUBLL L ALIARCE L
Pt ad g Suthapst et JBe: TPORRSaeodRaYTgd. tmmittance
T RS r R R or, one of 1am 30
o1 CORE 555, SbAhALL M lS, LURRETGS shim 3o e
R BB B0 o b b BT 65 g o
g syt P 250 e et A SH s of
OHRASE s SO BBy, drpons
ORfr! 1efle PR BfsHibl@bns given to the respective adjustment surfaces
and changes of the iliuminance distribution on the surface to be
illuminated, | |
wherein the distributién determining step comprises determining
the required transmittance distributions or reflectance distributions to be
given to the respective adjustment surfaces, in order tor adjust the
illuminance distribution, based on the second correlation.
37. An adjustment method according to claim 35 or 36,

wherein the pupil Juminance distribution acquiring step comprises

‘calculating the pupil luminance distributions about the plurality of

~ points on the surface to be illuminated, based on design data of the

illumination optical apparatus.

- 67 -



10

15

20

25

formng a pupil lum nance distribution with a
predeterm ned | um nance distribution on an

iIlum nation pupil plane on the basis of a |ight beapp6-0501-00

15 froma light source and for illum nating a surface

to be illumnated, with a light beamfromthe pupil

| um nance distribution, the adjustnent nethod

conprising: a pupil lum nance distribution acquiring

step of HequiAmn ngdjpephient Imethuaheecdirding bot tlann Bfowr 36,
a plurality of points on the surface to be 20

i Iwhetedat 8t pupil shmipancenditibutioni agqeirag aftep comprises
determning required transmttance distributions or

r SRERITARR &%pgpﬂilbmm@me distebptionsalaboyt tife phwslity ofipoints
in an optical path of the illum nation optical
a@hﬂ'@ﬂﬁ'ffwﬂﬁo e déumirateddependent | y adj ust each of

the pupil_ lum nance distributions 25 about the

pl ur al i 39 of Ajordiuistmenigmsthedjagsording ot apy enef of alaigs 36
(6 78s3aedteUL the dlinreaant e GATRHS AREEHRBLFDreOTBprises
Eef:let nce, di.stri.buti ons d .pl aci gth(% adJ;utmﬁnt,

s C&ﬁ@ ngithe HE‘?@WP%Q g;s;ralguﬁ%[m &t?n@:‘r ?@ q;\_ée illuminated,
adj ust men thod ,according to, claima4l urt her :

? edesian det Hspinagion Qphical qirparatys
g%cqfﬁ@ng an ..ilJlumnance distrihuti on@o@f tqr‘fg St e?
surface 4o i?‘_]rJHﬁti“ﬁ%I_%te‘@,enggnaSPﬁr HAg 18 ¥ PGtloplaims 36
CAA%56) MG R RGORGT: “DhEHAPIGT Rarbnd 4 i
AP s P o S ERLl e
?Eﬁordei’%o q’h@ﬂﬁ’ g&e L}% 1 nanece di st.ri buf%on. 43?

An ad] udtierfs HETREPLadir e gR oprindon PGl appptatus for
A5l RSl AR S A e
SidtABEHLA OF ah! i RRESH plidE $alf on the basis of a light beam

from a light source and for illuminating a surface to be illuminated, with

a light beam from the pupil luminance distribution,
the adjustment method comprising:
a pupil Juminance distribution acquiring step of acquiring pupil
luminance distributions about a plurality of points on the surface to be
illuminated; |
a distribution determinihg step of determining required
transmittance ‘distributions or reflectance distributions at a plurality of
positions in an optical path of the illumination optical apparatus, in
order to independently adjust each of the pupil luminance distributions
about the plurality of points; and

an adjustment step of forming each of a plurality of adjustment |
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design data of the illum nation optical apparatus. 44.
An adj ustnent nethod according to claim42, wherein

the illum nance distribution acquiring step conprises
measuring the illum nance distribution on the surface
to be illum nated. 45. An adjustnent nethod according

to any one of clains 41 to 44, wherein the pupil
rises .cal culqzi.ti .he
}

SRR " FRaS AL RSB0 B or
' on tie .surface tq be illupi nated, based
d80RGFrs, SGrbHoRS"nd Placine nlfis AimER ruiidges at the
i . met hod according to any one of
jﬁg{wﬁ(ﬁ%ﬂﬁﬁg wherein the pupigl di st)r/i buti on
acquiri st [ Suyin -n i .
o nard arSE FORGE" BEARY 1RRardinG: Yl et forther
. i hd LU - 7 n :

Lol B T belCe AHbUROE Hoculiing stef of %B3RMIAg an

: by l: 8, A%, 30,
e e N N D LT
adj ust : ' ' .
20 Ut WPRireE RO QAR Rekdipdilhe 80 BbyfNc®cdlbulating
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illum'nation optical apparatus, onto a photosensitive
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predeterm ned pattern on the photosensitive substrate,
wher ei @3t heApuidjasiendiet ®DRthdd Wetoadiag tosclalinl 4RI herein the
pl ane of the projection optical system 49. An
dhposnace pdatdbutonc eeqdinagt atep actinptiseshasBttlating the
surface of the predetermned pattern is |located on the
Hhmmacandeo distribution on the surface to be illuminated, based on

design data of the illumination optical apparatus.

44. An adjustment method according to claim 42, wherein the
illuminance distribution acquiring step comprises measuring - the
illuminance distribution on the surface to be illuminated.

45. An adjustment method according to any one of claims 41
to 44, wherein the pupil distribution acquiring step comprises
calculating the pupil luminance distributions about the plurality of
points on the surface to be illuminated, based on design data of the
illumination optical apparatus.

46. An adjustment method according to any one of claims 41
to 44, wherein the pupil distribution acquiring step comprises measuring
the pupil luminance distributions about the plurality of points on the

- surface to be illuminated.
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illum nated. 50. An exposure nethod conprising: an

“illumination step of illumnating a predetern ned

pattern with the illum nation optical apparatus

according to any one of clainms 1 to 30, or with an

illum nation optical apparatus adjusted by the

adj ust t nethod according to any one of clainms 31

to 46; ngﬂ-d aﬁﬂp@%ﬁ% Wiccappangtes compsjséng ithe lklhmgnatlon optical
redeterm ned attern onto a photosensitive substrate
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e%ﬁ r the exposure of the predeterm ned pattern on
phot osensitive substrate; and a devel oprrent step

of develgpi Ag, (HosBPOt P353hId e cdH 1?1tgr W Celaid 47, further
comprising a projection optical system for forming an image of the
- predetermined pattern on the photosensitive substrate,

wherein the surféce to be illuminated is an image plane of the

projection optical system.

49. An exposure apparatus according to claim 47, wherein a
surface of the predetermined pattern is located on the surface to be
illuminated.

50. An exposure method comprising: an illumination step of
illuminating a predetermined pattern with ‘the illumination optical
~ apparatus according to any one of claims 1 to 30, or with an
illumination optical apparatus adjusted by the adjustment method
according to any one of claims 31 to 46; and an exposure step of
projecting the predetermined pattern onto a photosensitive substrate to
effect exposure thereof.

51.  An exposure method according to claim 50, wherein the
exposure step further comprises a projection step of forming an image

of the predetermined pattern on the photosensitive substrate, and
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wherein the surface to be illuminated is a surface on which the
pattern image is formed.

52. A device manufacture method comprising: an exposure
step of using the exposure apparatus according to any one of claims 47
to 49, to effect the exposure of the predetermined pattern on the
photosensitive substrate; and a development step of developing the

- photosensitive substrate.
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