FP0O6- 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 METHCOD 5 Techni ca

Field [0001] The present invention relates to an illum nation qgigas01-00
apparatus, an adjustnment nethod of illum nation optical apparatus, an
exposure apparatus, and an exposure nethod and, nore particularly, to an
i1 lum nation optical apparatus suitably applicable to exposure 10 apparatus
for manufacturing mcrodevices, such as seni conductor devices, inmage

pi ckup devices, liquid-crystal di JPESCREFTION and thin- film magnetic
heads, by lithography. Background Art [0002] In the typical exposure
apparatus of [AGHTINGe, ORTICHL DHVICE) REGUEATION MBETHHODOEQR is
gui ded through a fly's eye lens (or mcrolens array) as an optical

i ntegrator tpIGHTINGseOPMACAL | DRVIGBUr EXROSURELsE YN TRMEL, suANdd e

i1 lum nant consisting of a lot of light sources. Light beans fromthe

secondary | i EXPGSURE MBI HOIDdent to a condenser |ens. 20 [0003] The
| i ght beans converged by the condenser lens illumnate a mask with a

pr edeter mi nedephnical KFiehkr eon in a superposed manner. Light having passed
through the pattern of the mask travels through a projection optical
systemto foFOﬁQalr] Theggresent viaventionn relites ntmnan  illbeinatiknpaiptoah i s
projected (or transferred) onto the wafer as a 25 photosensitive substrate
to ef fect exppparabls, e edfustmest pacthednof dlwmdnation opéicabsipparates, &t gh
integration and a uniformillum nance -1 .
exposure apparatus, and an exposure method and, more particularly, to
an illumination optical apparatus suitably applicable to exposure
10 apparatus for manufacturing microdevices, such as semiconductor
devices, image pickup devices, liquid-crystal display devices, and thin-
film magnetic heads, by lithography.
Background Art
[0002] In the typical exposure apparatus of this type, a light beam
15 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.
20 [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
25 photosensitive substrate to effect exp’osﬁre thereof. The pattern formed

onn the mask is of high :integration and a uniform illuminance
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FP0O6- 0501-00 distribution nust be achieved on the wafer in order to
accurately transfer this mcroscopic pattern onto the wafer. [0004]
Furthernore, attention is being focused on the technol ogy of @ﬁﬁﬁigg?gnﬁ)
secondary |ight source of circular shape on the.-rear focal 5 plane of the
fly's eye |l ens and changing the size thereof to vary the coherency 6 of
illumnation (a value = dianeter of an aperture stop/pupil dianeter of a
projection optical system or (Y value = exit-side nunerical aperture of

an illum nat {REriBRfibs ahusy SbeddRévan s sheewafemini 6pderaBerdddigately t he
projection optical system. In addition, 10 attention is also focused on

t he technol oggngferft}(pirsrﬁl{tqogmm%q@ﬁ@bmo tHeotafsour ce of annul ar shape or
guadr upol e shape on the rear focal plane of the fly's eye lens to inprove
the depth of ;G&M]sF@nﬁemsm,vamﬁmp\&@rbsiﬁ%tfmeupe@jcﬁﬁtth@rteomml@gbr efstem
Di scl osure of the Invention 15 Problemto be Solved by the Invention [0005]
In this caseforimingther sdconaacy iatht| sourcandT drculae shape escthp cearpfaicabr n of
the mask onto the wafer, it is necessary to adjust a light intensity

di st rBbut i onplahet bf thedbylsaye lémghand ahangidgthe sipn therofear vafyotlad pl ane

of the fly's eye lens, i.e., a pupil |um nance distribution with 20 a
pr edet er m necbharsinernce ofi slumingtian forvade orr thamiekdrurdinani apepups |
pl ane, to a desired shape and to adjust each of pupil |um nance

di stri buti ongtophmipil disspeter iofe projetiomaptival system, as cavdluast exitsidee to be
illumnated to being alnost uniform If there is variation in uniformty
of the pupi |numerisahcapetturer idfuanondumxinatéapeopiical systerg/eotranpe-sikd er, 25
the line width of the pattern will vary depending upon positions on the
waf er and i tnumericaksperture ofithengrejectienupptiealy systensk. er In hadditienoscopi c
e 10 attention is also focused on the technology of forming the secondary
light source of annular shape or quadrupole shape on the rear focal
plane of the fly's eye lens to improve the depth of focus and resolving
power of the projection optical system.
Disclosure of the Invention
15 | 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
20 ~ apredetermined luminance distribution formed on the illumination pupil
“plane, to a desired shape and to adjust eéch 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,
25 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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FP06- 0501-00 pattern of the mask in a desired line width across an entire
exposure region on the wafer. [0006] An object of the present invention is
to provide an illum nation optical apparatus capabl e of adj us';pm_ggglg_@(j
pupil lum nance 5 distributions at respective points on a surface to be
i1lumnated to being al nost uniform while nmaintaining or adjusting an

I 1lumnance distribution on the surface to be illumnated to being al nost
uniform Another object of the present invention is to provide an exposure
appar at us angagRodfrfic ke dnCaRRRIred din@ ssidtiatRrysd bANGitRer éxtbstrd O

m croscopic pattern of a mask in a desired line width across an entire
exposur e regrgtioptothe whfrosensi tive substrate, using an illum nation

opti cal apparatus capable of maintaining or adjusting an illum nance

di stributi on[@006] Aur dlbfeet of the presentiinabatdon ds heiproviderantilluniihation and
capabl e of adjusting pupil lum nance distributions at respective points 15
on the surfaoptital tepparatusi reapabld oof)eadjgs'ah%t)@achniofforpnpill\/dalminance Sol vi ng
the Problem [0007] I'n order to achieve the above object, a first aspect of
t he pbfesent distrrbutions aprespedtse pointsl omaratfave tophe didmargied 46 beidgr

illumnating a surface to be illumnated, with a |light beamfroma |ight
source, 20 téalemodtl wmibatmonwhplei cakintpprngt we cadjpstisg ngn dilipminance
distribution formng nmeans for formng a pupil lum nance distribution with
a predet er ni distributromanr ehelisarface toi be iBumanateid toubeing abnogtupnifophane; and
an adjuster for independently adjusting each of pupil |um nance 25

di stri buti onAngbsnt Ogga%.ﬁeﬁf itﬁs puisent iowentiensiy tacpravadpean | ¢xpeisueg ed;

wherein the adjuster has a plurality of adjustnent surfaces each -3
- apparatus and exposure method capable of accurately transferring a

10 microscopic pattern of a mask in a desired line width across an entire
exposure region onto a photosensitive substrate, using an illumination
optical apparatus capable of maintaihing or adjusting an illuminance
distribution on a surface to be illuminated to being almost unifdrm and
capable of adjusting pupil luminance distributions at respective points

15 - 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 present |
invention provides an illumination optical apparatus for illuminating a
- surface to be illuminated, with a light beam from a light source, |
20_ - the iI_lumination optical apparatus comprising:
o 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
25  distributions about respective points on the surface to be illuminated;

 wherein the adjuster has a plurality of adjustment surfaces each
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FP0O6- 0501-00 of which is disposed in an optical path between the pupil
distribution formng neans and the surface to be illum nated, and wherein
each of the adjustnent surfaces outputs light with a [|ight integ-b%01-00
distribution different froma light intensity distribution of 5 incident
light. [0008] A second aspect of the present invention provides an

i1 lumnation optical apparatus for illumnating a surface to be
illTumnated, with a light beamfroma light source, the illum nation
optical appapftudsichoRPdisposer id qnpopiitaldpath bbtivéen the pupilodizaéingtidr
formng a pupil lum nance distribution wth a predeterm-ned |um nance

di stri buti onfemiag mekhs ahdahe onrfbePid beliBoriinatked, andadj uster for

i ndependent |y adj usting each of pupil lum nance distributions about
respective points whetdia saulf afetheoadimstentiisnafaeds duliputretight witk adj uster
has a plurality of adjustnment surfaces each of which Is disposed in an
optical pat hliget isensithdisiributiodidifferdntt from aflgghtiintensitgrdisarsitidreofur f ace
to be illum nated and has a predeterm ned transmttance distribution or
ref | et ance wicsderitdighton, and wherein the plurality of adjustnent surfaces
are located at 20 respective positions different fromeach other along an
opti cal - axi s[00fi&]edt i seconfl tdspect | offi the i qresgiti daveatipar grovidgsoodd] A

third aspect_of the present invention provides an_illumnation optical
appar at us f oflluminationat optical sppasatest dobe iflbminatiag ed, smrfdeea tol ikt beam
froma light _source, 25 the illumnation optical apparatus conprising: a

first adjustideminated,avishdi lighiskenm drem aolightsounsat h bet ween an -4
| the illumination optical apparatus comprising:

10 pupil distribution forming means for forming a pupil luminance
distribution with a predetermined luminanc_e distribution on an
illumination pupil plane; and |

én adjuster for independently adjusting each of pupil luminance
distributions about respective points on the surface to be illuminated;

15 wherein the adjuster has é plurality of adjustment surfaces each
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
20 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,
25 | the illumination optical apparatus comprising:

a first adjustment surface disposed in an optical path between an
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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
light source side wth respect to a conjugate plane optical |y pmyg-0gat oo
with the surface to be illumnated, and having a first transmttance

distribution or first 5 reflectance distribution of transmttances or

refl ectances different according to incidence positions; and a second

adj ust mrent surface disposed in the optical path between the illum nation
pupi | pl ane Hhgmimgic pupileplanebef ithé Utfupsdinatonamstical fspeptuscahd pheh on
the surface-to-be-illum nated side with respect 10 to the conjugate plane
optically copjifges ¢o et iblurh@atdd dnd dntam bpticall pathi sratledlight dotiei gidea
second transmttance distribution or second reflectance distribution of
transni t t ancedtlorespett trhannpsgate fflane optically eotingate avithhthelgurfacpasi ti ons.
[0010] A fourth aspect of the present invention provides an illum nation
15 optical apparhtmmated, ahdubaviapi agfisststmhamétamceistiibutionavediirsti t h a
light beamfroma light source, the illum nation optical apparatus

conpr Bsi ng: eefléatancendiistributon sof f tmasoiitposesd om raflectanicesl dpffetenbet ween
an illumnation pupil plane of the illum nation optical apparatus and the
20 surface tactwding tovinvadenteapositionsramdt i cal path on the |ight source
side with respect to a conjugate plane optically conjugate wiith the surface
to be illuminatedd serprdhvadjystaentr wfacandﬁpqsadcend%m ropiealopath fir st
reflectance distributigon of transm f{tances or reflectances different
accordi ng t obetvegametheeillmginsgionapupidsplans eutshtheapifseendatbesiliiaiwted sposed

in the optical path between the_ illunination ,f)upi,l pl.ane and the surface
to be ill uni@zd &3 an-aptical path on the surface-to-be-illuminated side with respect

10 to the conjugate plane optically conjugate with the surface to be
illuminated, and having a second transmittance distribution or second
reflectance distribution of transmittances or reflectances different
according to incidence positions.

[0010] A fourth aspect of the present invention provides an illumination

15~ 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
20 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 illuminate&, and having a first transmittance distribution or first
‘reflectance distribution of transmittances or reflectances different
according to incideﬁce angles; and
25 a second adjustment surface disposed in the optical path

between the illumination pupil plane and the surface to be illuminated



FP06-0501-00 and in an optical path on the surface-to-be-illum nated side
wWth respect to the conjugate plane optically conjugate with the surface to

be illum nated, and having a second transm ttance distributi onmis- 9509060
refl ectance distribution of transmttances or reflectances different 5
according to incidence angles. _ [0011] Afifth aspect of the present

I nvention provides an illumnation optical apparatus for illumnating a
surface to be illumnated, with a |light beamfroma |ight source, the

i I'1unmi nati onapdtihGal o It orcigpsuirfadigio-be-iflubhihatedagide syite ikssantf ace
di sposed in an optical path between an illum nation pupil plane of the

i 'l um nati ont®pthiec @bnpas aplascangtichlly sofifigee twithe the | surtawet @d, band
having a first transmttance distribution or first reflectance
di stri buti onilbiminsed mahd devdsg o seedhd etaneestadcé fdisteibutionc oorsdcogdt o
I nci dence positions; and 15 a second adjustnent surface disposed in the
optical pat hrefbettamen disaibhtiom oft transpifibhcqy aore rmfldctdheesudiffersto be
illum pated, and having a second transmttance distribution or second
refl eftance acidiigta irndeafice amglssi tt ances or refl ectances different
according to_ incidence positions; 20 wherein a |ight beamsize at a
I ocati on whef®)1d ]I Agfifthbaspect of the miresentt inveptiod grrevadesean pdintinahion he
surface to be illum nated passes  through the first adjustnent surface is
di fferent fropiieal apparabesaifon illemanating [neurfaon tehbe dliuneinateghtwithaan t o
arrive at the gredeterm’ ned point on the surface to be illum nated passes
t hrough the kg bh@ﬁlacﬁl‘@glt&trb t somregur f ace. [0012] A sixth aspect of the
present invention provides a nethod of -6 .

the illumination optical apparatus comprising:

10 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 having a first transmittance distribution or
first reflectance distribution of transmittances or reflectances different
according to incidence positions; and

15 - 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 positions;

20 - ~ wherein a light beam size at a location where a light beam to

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
 25 - surface.

[0012] A sixth aspect of the present invention provides a method of
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FP06- 0501-00 adjusting the illum nation optical apparatus of the first
aspect to the fifth aspect, the adjustnent nethod conprising: a pupi

| umi nance distribution calculating step of calculating 5 pupilfFpPo@igxICe0
di stributions about a plurality of points on the surface to be

i | lum nated, based on design data of the illum nation optical apparatus; a
distribution determ ning step of determning required transmttance
distributions or reflectance distributions to be given to the 10
respective addistimgnthesilitisiaationi gptival @apphratu o€ ten Gestidspeatiiaitie fbh of
the pupil |um nance distributions about the plurality of points; and an

adj ust ment stspectf form ng and placing each of the plurality of adjustnent
surfaces with the respective required transmttance distributions or

refl ectance distri the admstmént eME] cénprisngh aspect of the present

i nvention provides a method of adjusting the illum nation optical

appar atus of the farpupidshueinanoet distribtition cdpaatingt stepadf walomlatinget hod
conprising: a pupil lum nance distribution neasuring step of neasuring 20
pupi | 51 um napupildivsninanoe idstsibattioms abqutua pluralitpofpwiintssonrhe sargef ace

to be illum nated; a distribution determ ning step of determ ning_required
transm tt ancéo dvstiubunaieds basedephedesigne ddiaswofi the iilduwsinatioe gptieal to t he
respective adjustment surfaces, in order to independently adjust each of 25
t he pupil| | uBPpalgdes;di stributions about the plurality of points; and an

adj ustment step of formng and pl aci ng,each of the plurality -7

a distrib%tlon F()letermmmg step of determining required
transmittanée distributions or reflectance distributions to be given to the

10 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.

15 - [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 of measuring

20 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

B _ _2.5 : - the pupil luminaﬁce distributions about the plurality of points; and
an adjustment step of forming and placing each of the plurality

-7-



FP06- 0501-00 of adjustnent surfaces with the respective required
transmttance distributions or reflectance distributions. [0014] An eighth
aspect of the present invention provides a nethod of adjustingrphe.0501-00
i1lum nation optical apparatus of the first aspect to the fifth 5 aspect,
t he adj ustnent nethod conprising: a pupil |um nance distribution acquiring
step of acquiring pupil |um nance distributions about a plurality of
points on the surface to be illumnated; 10 an approxi mati on step of

approxi mat i ngfeadjuseenbesuntfidds Wwithi flae Crespestive bidquing apgwdmitheice
plurality of points acquired in the pupil Tum nance distribution acquiring

step, by a pdestebetiohsed reflettanogidddtribationtuncti on of pupil coordinates on
the illum nation pupil plane; 15 an evaluation step of evaluating the

pupi | | um naf@@l4didst eighthiaspsectabbiite phesepk inwéntion providests nsthad wfpi |

| um nance distribution polynom al as a function of inmage-plane coordinates

and the pupatdjustimgdhedtleminativhepsical appatatubef thd firstrespedt totheefifthn

coefficients of respective terns in the predeterm ned polynomal; 20 a step

of ob®ai ni ngaspendy rel ati on between the transmittance distributions or

reflectance distributions given to the respective adjustnent surfaces and

changes of the pupthe adjnsimaenrtemdtisd coonprrisieg: about the plurality of

points; a distribution determ ning step of determning required 25

transnittance di st@impil Bisinanceedistthutiore aggeiring stepont acquisimggpupih to t he

respective adjustment surfaces, in order to independently adjust each of

-8 uminance distributions about a plurality of points on the surface to be
illuminated; |

10 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;

15 - 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;

20 . a 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

25 transmittance distributions or reflectance distributions to be ‘gilven to the

respective adjustment surfaces, in order to independently adjust each of

_ .



FP0O6- 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
correlation; and an adjustnent step of form ng and pl acing eagpgf-050%-00
plurality of adjustnent surfaces with the respective required
transmttance 5 distributions or reflectance distributions. [0015] A ninth
aspect of the present invention provides a nethod of adjusting an
.1llumnation optical apparatus for formng a pupil [|um nance distribution
with a predetl®y pupiduminamandistdbatiohduboanttenpluaality b pohas] basedugh | pl ane
on the basis of a light beamfroma light 10 source and for illumnating a

surface to bereddltiof tied evhluntibh ia the ehtluabieanstép amdtthe coupldtidnyranghnce
di stribution, the adjustnment nmethod conprising: a pupil |um nance

di stribution acquian adjisternofster afifoimmgupd Iplating ewvic ef dhes plurality ons
about a plurality of points on the surface to be 15 illum nated; a
di stri buti onofleadjusirnenty sstrfyresf wlth ethe memgeotbguiregdiretr drmmisitittance
distributions or reflectance distributions at a plurality of positions in
an opbical pdistribftiomeor réflavtamte distopuiicnd. apparatus, in order to
i ndependent | a%gust each of the pupil Ium nance distributions 20 about
the plurali ttb(lif 1 pbi mingh %pdc‘amfat_gjeupltasent invergiaf providesga enethodf of
plurality of adjustnment _surfaces with the respective required ]
transnit t ancadjuptingi Bot iibusmiostionefapsicahneppanatys i fon i formingd aplpupihg t he
adj ustnment surfaces af the  plurality of positiogns. 25 [OolaL A tenth
aspect of thempinaseewistibaicnowithr svpredsteamingg duminanes distebutiosd@tori si ng
t he iIIuninatioﬁ optical apparatus of the first -9 .
| an 1llumination pupil plane on the basis of a light beam from a light
10 source and for illuminating a surface to be illuminated, with a light
beam from the pupil luminance distribution,

the adjustment method comprising:

a pupil luminance distribution acquiring step of acquiring pupil
Jluminance distributions about a plurality of points on the surface to be

15 ~ 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 luminance distributions

20 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. |

25 [0016] A tenth aspect of the present invention provides an exposure

© apparatus comprising the illumination optical apparatus of the first

-9.



FP06- 0501-00 aspect to the fifth aspect, or an illum nation optical
appar atus adj usted by the adjustnent nethod of the sixth aspect to the
ninth aspect, the exposure apparatus being adapted for projectEmEp-8501-00
pattern of a mask illum nated by the illum nation optical apparatus, onto
a photosensitive 5 substrate to effect exposure thereof [0017] An el eventh
aspect of the present invention provides an exposure nethod conprising: an
illumnation step of illumnating a nask with the illum nation opti cal
appar at us of aspeet forthe fafthexspetn dinen iflifdihatiep epticabrapphidiuaadjhdtedi nat i on
optical apparatus adjusted by the 10 adjustnent nethod of the sixth aspect
to the nint hbysthecadjuatmernmethpdsofi thes sixh afsppepite chie ndnth papéet thef t he
- mask onto a photosensitive substrate to effect exposure thereof. Effect of
t he | nventi oexp@n8)apperafis beingatdaptedpforcptojeptiag o4 pattefn tdfea pnaslent
invention has 15 the adjuster for independently adjusting each of the
pupi | | um naibeminsited biyolirei dhanination optsed cipipacatmsj ohto arphdiesensitieee to be
illumnated, e.g., a plurality of adjustment surfaces each of which
out pubs | i ghsubsittate ta efieghexposusasghengodi stribution different fromthat of
incident light. Therefore, the operation of the plurality of adjustnent
surfaces whi 0170 Ani elewgnibt @speetint dbe pressngs inventigspapravides oamdj ust
each of the pupil lum_nance distributigns at respective 'IDOi nts_on the
surface to bEXPSUrgnngHied) qosnprasing: Amobumination stepnef dllpminetingiag or
adjusting the jllumnange djstributioon on the surface to be illuminated to
bei ng al nostMagkiw nﬁheTﬁﬁlfﬁH@%@ﬁ’t optialnepparatiss of dhadiinst aspectaghsheat us to

he“sur faceills awett Ghividk a 11GnEaAku PEUCa! SPPRLS Gd WA OBt ai ni ng
or i& 0 adjustment method of the sixth aspect to the ninth aspect; and an
exposure step of projecting a pattern of the mask onto a photosensitive
substrate to effect exposure thereof.
Effect of the Invention
[0018] The illumination optical apparatus of the present invention has
15 ~ the adjuster for 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
20 - 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
25  each of the pupil luminance distributions at respective points on the

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

- 10 -



FP06- 0501-00 adjusting the illum nance distribution on the surface to be
illumnated, to a desired distribution. [0019] Since the exposure apparatus
and exposure nethod of the present invention use the illum natppgs-9801c6H
apparatus capable of 5 maintaining or adjusting the illum nance

di stribution on the surface to be illum nated to being al nost uniform and
capabl e of adjusting the pupil |lum nance distributions at respective
points on the surface to be illumnated to being alnost uniform they are
abl e to accuadjusting ttendheninamncei distingiirc opafheesurfade to teskluminatedsi red
line width across an entire 10 exposure region onto a photosensitive
substrat e antp aidesiredrdistributivanuf act ure good devices wi th high accuracy.
The exposure apparatus and exposure nethod of the present invention are
al so abl e t oG9} Simtey ther expdsrret hppaiatno sarapi exposurermettiod hef thsk in a
desired line width across an entire exposure region onto the

phot osensi t i peesenbsiovantipnbysd 3hedjliwmimaficenoiptidal t apparapis chpableaonte
distributions at respective points on the surface to be illum nated, to a
desiréd di st maintdiemgnar ladjustmighthe Hiumginancedilisttbuigon lom the swifach te .
distribution on_the surface to be illum nated, to a desired distribution.
' BRI EF DESCRI by iiungmated tormeingicanaest [wofoqm rnd capableaofiradjisting the
schematical ly sqovvi ng an overall_  configuration of an exposure apparatus
accor di ng t oPpildxpaaansee digributiess mtegspective geintsnon the suptace 1@ e awi ng
schematical |l y. showi ng a_ configuration and_  operation of a pajr of
correction fﬁl%%@tﬁ‘g 1 ﬁ@l%ﬁg’ﬁpml.fo%, they, arg abje 4o @cawratelysenpsleti cal | y

showi ng an exanple of . transm ttance, distribhutions given to a pair. of
Corr ec? ion f@ |mn12;gs_cqp1q pattern of a mask 1 a desired line width across af entire

10 exposure region onto a photosensitive substrate and, in turn, to
manufacture good devices with high accuracy. The exposure apparatus
| - and exposure method of the present invention are also able to accurately
transfer the microscopic pattém of the mask in a desired line width
across an entire exposure region onto the photosensitive substrate, by
15 ~ adjusting each of the pupil Iuminanée distributions at respective points
| on the surface to be illuminated,' to a desired distribution while
maintaining or adjusting the illuminance distribution on rthe surface to
be illuminated, to a desired distribution.
BRIEF DESCRIPTION OF THE DRAWINGS ‘
20 [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.
25 o | Flg 3 is a drawing schematica_ﬂy showing an example of

transmittance distributions given to a pair of correction filters.
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FP06- 0501-00 Fig. 4 is a drawi ng schematically show ng anot her exanpl e of
transmttance distributions given to a pair of correction filters. Fig. 5
is a drawi ng schematically showi ng a nodification exanple usinEp@sEy-0H
correction filters with transmttance 5 distributions of transmttances
different according to incidence angles. Fig. 6 is a drawing schematically
showi ng a nodification exanple using three correction filters with
transmttance distributions of transmttances different according to
incidence position¥igFids & deswinglseherngtishidyishowingsanaihet erampdé ofn
on-axis light 10 beam and an off-axis |ight beam passing through each of
the correcti eranshiittarcs distribbBonodiverct 2 pairexfarmprectivn filtgrs.6. Fig. 8 is a
fl omchart schematically showing steps in an adjustnment nethod of

illum nation opticiligafpasatudraeingy dichgntatidally shobang menmadifichionr esent
i nvention. 15 Fig. 9 is a drawing schematically showi ng a configuration of
an appar at usxamplereasing ng ppair | dfundoraecteondi $iltarputiths tedrsmitianoe al

points on a surface to be-illumnated. Fig. 10 is a drawing schematically
showi #g a codistgbutionsef sfansmittappes dtfferenbacearding tonimcadende anglasnce
di stribution on a surface to be 20 illumnated. Fig. 11 is a flowhart

schematical |y showFigy $ dpsai drawingadichematicallyeshowing car tiodjficatian
nodi fication exanple of the enbodinent of the present inventiaon. Fig. 12
is a draw ngekample ysingthsee comeatipn dllters vith fegenyttanee dsributions @it es and

pupi |l coordinates.,in a pr.ojection optical, system Fig. 13 is a flowhart of
a techni que ganmﬁ%sﬁlgﬁgent_apgor ing to incidence positions. '

Fig. 7 is a drawing showing cross sections of an on-axis light
10 beam and an off-axis light beam passing through each of the correction
| filters in the modification example of Fig. 6.

Fig. 8 is a flowchart schematically showing steps in an
adjustment method of illumination optical apparatus according to the
embodiment of the present invention.

15 _ 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 scherﬁatically showing a configuration of an
apparatus for measuring an illuminance distribution 611 a surface to be

20 illuminated. | |
| Fig. 11 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
- 25 - | cbbrdinates and pupil coordinates in a projection optical system.

Fig. 13 is a flowchart of a technique of manufacturing
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FP06- 0501-00 sem conductor devices as mcrodevices. Fig. 14 is a flowhart
of a technique of manufacturing a liquid- crystal display device as a

m crodevi ce. Best Mdes for- Carrying out the Invention 5 [0021]rpndedioTend s
of the present invention will be described based on the acconmpanying
drawings. Fig. 1 is a drawing schematically showi ng an overal
configuration of an exposure apparatus according to an enbodi nent of the
present invention. In Fig. 1, the Z-axis is set along a direction of a

normal to a wefgcondb@bndevicebakosrsdévices.10 substrate, the Y-axis along a
direction parallel to the paper of Fig. 1 in the surface of the wafer W

and the X-axis al offgg.al4liis acfiowcharirefbd téchnitphe ofapenufdfctining alliguid-he
surface of the wafer W In Fig. 1, the illumnation optical apparatus is
arranged to icrydtehedisplayodenike @k mcmlienodevideum nati on. 15 [0022] Wth
reference to Fig. 1, the exposure apparatus of the present enbodinent is
provi ded wit Best NMgdes foriCaaryiigous thplInventienposure 1ight (illumination
light). The light source 1 used herein can be, for exanple, a KrF excimer
| aser 3l i ght $002 tleEndbodinppityiofgthie present inventiomwvéllebgtdesofibed dased an ArF
excimer laser |ight source for supplying 20 |light of the wavel ength of 193
nm or the | PRethes ageamipanymzidrewingght Figedmseni drassing sabematicalty
direction fromthe light sgurce 1 has a cross section of a rectangul ar
shape ext endfhewing sagiverall sogfigheationiof aix exposuan @apperatug ageerding ta beam
expander 2 consis%ing of a_pair of lenses 2a and_2b. 25 [0023] The | enses
2a and 2b ha¢B enheddnerteof dhe quesen) wowatioand 1a Figes t theeZratip d6tsehg
power, respecfively,,in,the Paper of Fig. 1 %YZ -13 .
along a’ direction of a normal to”a wafer W being a photosensitive
10 substrate, the Y-axis along a direction parallel to the paper of Fig. | in
the surface of the wafer W, and the X-axis along a direction normal to
the paper of Fig. 1 in the surface of the wafer W. In Fig. 1, the
. -illumination optical apparatus is arranged to implement normal circular
illumination.
15 - [0022] With reference to Fig. 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
20 | 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 expander 2 consisting of a pair of lenses 2a
-and 2b.
25 o [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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FP06- 0501-00 plane). Therefore, the Iight beamincident to the beam
expander 2 is expanded in the paper of Fig. 1 and shaped into a |ight beam
having a cross section of a predeterm ned rectangul ar shape. TE)AS30H Y00
parallel 1ight beam havi ng passed through the beam expander 2 as a shapi ng
5 optical systemis then deflected into the +Y direction by a path fol ding
mrror and thereafter travels through a diffractive optical elenent 3 for
circular illumnation to enter a zoomlens 4. An entrance surface of a

mcro fly's girmd ensTHereforpodhd lighe beaganindident eathé deain ekpaedaf 2tise zoom
lens 4. 10 [0024] In general, a diffractive optical elenment is constructed

by forming skpasded im the papenpfridyi teded ghassdintooa tipht wevel baging af t he
exposure light (illumnation light) in a substrate, and functions to
diffract an crussdeotiohiofld pleceteratinddsecetgatay! shapeSpddid nealy pardllet
diffractive optical elenent 3 converts the parallel |ight beam of 15
rectangul ar &jghpdeantihdymg adasseyd theouglt thalbeani expaindem2oas adshapiggnt

| i ght beam having a cross section of a circular shape. The diffractive

opti cll el emoptical systemr zrifred deflented et the h¥edirectiomthy apatietfoldingd from
the illum nation optical path and to be replaceable w th another

di ffracti ve optiozgndethereafter travelsniirangh lal diffraative wpsicabiiclément 3 ver opt i cal
20 el ement for quadrupqgle illum nation. [0025] The micro fly's eye lens 5

i s an opti cafirgglasaHusdnpiipsitagEnier atzoosn lens Aos ddpicntianss sdirfasgt olcal

el ements) arranged vertically, and, horizontally and densely. In general, a
“micro fly' s Byerq dys ey lepsnsis pesitianed measihainas fopyl plangafdhe sveony

form ng a nupber of 25 m croscopic optical surfaces in a plane-parallel

gl ass plate Q‘Sé’ppl ying the MEMS technol ogy (lithography + etching, etc.).

'n t%s ey [60%1] fnl4general, a diffractive optical element is constructed by
forming steps at a pitch approximately equal to the wavelength of the
exposure light (illumination light) in a substrate, and functions to
diffract an incident light beam at desired angles. Specifically, the
diffractive optical element 3 converts the parallel light beam of

15 rectangular shape incident along the optical axis AX, into a divergent
light beam having a cross section of a circular shape. The diffraétive
thical 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 illumination or diffractive optical

20 element for quadfupole illumination.

| | '[0025] The micro ﬂy‘s eye lens 5 is an optical member comprising a lot
of microscopic lenses (optical elements) arranged vertically and -
horizontally and densely. In general, a micro fly's eye lens is
conStructed, for example, by simultaneously forming a number of

25 | | Iﬁicroscopic optical surfaces in a plane-parallel glass plate by applying

the MEMS technology (lithography + etching, etc.). In this way, the -
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FP06- 0501-00 |ight beam having passed through the diffractive optical

el ement 3 travels through the zoomlens 4 to form for exanple, a circular
illumnation field centered on the optical axis AX, on the entrgEpge-0501-00
surface of the mcro fly's eye lens 5 as an optical integrator of the 5
wavefront splitting type. [0026] The size of the circular illumnation
field formed herein (i.e., the dianeter thereof) varies dependi ng upon the
focal length of the zoom lens 4. The light beamincident to the mcro

fly's eye | edgth bsarhwhavitigrgassahahtougiplthe diffractiot opticdlcelepeani 8 | enses

and the split light 10 beans formrespective |ight sources on the rear
focal plane dfavele througlosthepzooherses 4hiccifotine forciegamiplé, ghtidakm
enters. In this mnner, a substantive surface illumnant of a circular

shape (her ei ndfimenatiorfeldedentered an "the coptiealy akisgX s aur tle¢ )ertteanicag a
light intensity distribution approximtely equal to that of the circular
i | umi nati on stifface afs the mbdobflytsheyé densientas| aghoptbesd nintegrater nfcthe fly' s
eye lens 5 is formed on the rear focal plane of the mcro fly's eye |lens
5. [0627] Li gravedeentsplitngtype.secondary |ight source of circular shape
formed on the rear focal plane of the mcro fly's eye lens 5 are subject to
f ocusi ng opel@92%h Toe saze oh tea seulaptillvminayen dinld farmed hereiaf @ r, tho
illum nate a pask bléi‘lnd 7_di sposq?d on_a plane optically conjugate with a
mask M (and CrEmgker hexgad) srriesl dspending apsupthe deeal lehgteof thaizpomesul ts
in formng an illumpatjon field of a rectangular shape sjmlar to the
shape of eac EPU(% tro ilgﬂt bganr Hidert thshentaicsorily's £ysylensehds §wo-on t he
mask blind 7..,A first. correction filter . 8 is located in front of the 25
mask bl ind 7d{mﬁmlﬁgauyg‘?ﬁhts%ﬁr%éo% iOéel}u%rﬁaC%plgeﬁws aad tha split dighter o i s
[ ' h K si ) fi [ -1
| °Caﬁﬁd behi ggartngefonr%ls kre%éé‘t?vJ lgg i go&rcggson Sthge%earcﬁglca{l gp ra%teI of the >
microscopic lenses which the incident light beam enters. In this
manner, a substantive surface illuminant of a circular shape (hereinafter
referred to as a "secondary light source") having a light intensity
distribution approximately equal to that of the circular illumination field
15 formed by the incident light beam to the micro fly's eye lens 5 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
20 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 in forming an illumination field of a'rectangular shape similar to
the shape of each microscopic lens forming the micro fly's eye lens 3,
on the mask blind 7. A first correction filter 8 is located in front of the
25 mask blind 7 (bn 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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FP06- 0501-00 and operations of the first correction filter 8 and the
second correction filter 9 will be described |later. [0028] The |ight beans

havi ng passed through an aperture (light transmtting portion)gEie-8501-00
rectangul ar shape in the mask blind 7 are 5 subject to focusing operation
of an imaging optical system 10, are deflected into the -Z direction by a
path folding mrror, and thereafter illumnate the nask Mwith a
‘predeternined pattern forned thereon, in a superposed nmanner. In this way,

t he i magi ng apdioperatyss efthe firkbcosreationnfilyer 8farid¢he setanbuvbatcAperrt ure
of the mask blind 7 on the 10 mask M supported on a nmask stage MS. Nanely, .
the mask bl i filte? 9 widhbeidestebed ldterl d stop for defining an illumination
region formed on the nask M (and the wafer Weventually). [0029] A Iight

beam havi ng 28 dTher bight beampahbeing qfasséd thaekg anr apettard Hilighgh a
projection optical systemPL to forman inmge of the 15 mask pattern on
the waf er W frensmpitinghpoosensiofi ¥ gestanguitart shapdame|the mask phlingrh arenge i s
formed in a rectangular region on the wafer Wsupported on a wafer stage
WS sodas to shjeekponthausingepearationnofllaar imaping repticah disterd b0, e mask
M In this way, the pattern_of the mask Mis sequentially groj ected into
each exposur@clieeteddnte ihe 2 diapetiomhyy apathofolding orizoshand shewsfies or
scan exposurg whjle two- dinensignally driving and controlling the wafer W
in a plane (pmplaiedhe paaskelVhivdth arpredetanmingd inaflern ipena thereope in
projection optical systemPL. [0030] It is noted that gnnular illum nation
can be i npl eﬁmw FBaRRAT | dg Hhigi weyadhe vienaging: aptisak systen o0 annul ar

i Ilum nation.instead of t diffractjve optical_.elenent 3,ip_the
i || um nati onf%'ﬁﬁ %pmﬁgﬂehgp %]Lﬁerectqyggular apelpture of the mask bgfmcf1 7 on the

10 mask M supported on a mask stage MS. Namely, the mask blind 7
constitutes a field stop for defining an illumination region formed on the
mask M (and the wafer W eventually).

[0029] A light beam having passed through the pattern of the mask M
travels through a projection optical system PL to form an image of the

15 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 projeéted into each exposure area of the

20 - wafer W by performing one-shot exposure or scan exposure While two-
dimensionally driving 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

| 25 o 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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FP06- 0501-00 diffractive optical element for annular illum nation converts
the parallel light beam of the rectangul ar shape incident along the optical -
axis AX, into a divergent |ight beam having a cross section ofFpgsa@mN-00
shape. Therefore, the |ight beam having passed through the diffractive
optical 5 elenent for annular illumnation forns, for exanple, an
illTumnation field of an annul ar shape centered on the optical axis AX on
the entrance surface of the mcro fly's eye lens 5. As a result, the

secondary | i diffrasmiveceptdtaltdlement ibnanshlapelliminagon kenveghthe pheaidslt y
di stribution approximately equal to that of the annular illumnation field
10 forned onligh¢ beatr aficke secthageldrshapsdntiutent diiomg the opaaal dxsaAXpl ane of

the mcro fly's eye lens 5. [0031] In addition, quadrupole illum nation
(general |y, mfiot & dowtrgent lightibeati hayingaa dress spdteoreof ed drymdet shape.a
diffractive &pt ical element for quadrupole illumnation (generally, for
mul ti - pol e 13 her¢forenthtei bght hetmohargngi padsed thoougiotks duffrastiveroptical
il lum nation) instead of the diffractive optical elenent 3 in the
i | | undnat i onebgpnentafopanhularhidluminatione fonmas,ofen estmplenamtilluoringtiedr upol e
i llum nation converts the parallel Iight beam of the rectangul ar shape
i nci dent al ofigld hef @pt aganlar ashapearenicied anvidegeptical giis mdbheng a
cross section of a 20 guadru ol e shape. Therefqgre, the |ight beams having
passed t hr oughtraneg gHrfageaciti e gpicreallyes etwentlensrS.quatiy ubdiesulli Ithei nat i on
form for example, anllumnation field of a quadrupgl e shape centered on
the optical S%sargfw,ahgiﬁ solrce Rl tivc angular ashapss Hm@g hgﬁt YIEnsiE | ens
5. As aresylt, the secondary |ight source qf the quadrupal e.sh havi ng
25 the Iight 18&1_@14@9{13@13@{%@%@[3{ saualpier haf oaae PIBH |1flpﬁllpﬁﬁ@n3f§@he
quadigpole 1 b ied h' e entrance surface 9 BISq Tormed on the Tear focal plane of -
the micro fly's eye lens 5. '
[0031] In addition, quadrupole illumination (generally, multi-pole
illumination) can be implemented by setting a diffractive optical
element for quadrupole illumination (generally, for multi-pole
15 illumination including dipole, octupole, or other illumination) instead 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
20 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
optical axis AX, on the entrance surface of the micro fly's eye lens 5.
" As a result, the secondary light source of the quadrupole shape having
25 the light intensity distribution approximately equal to that of the

quadrupole illumin_'ation field formed on the entrance surface is a_lso
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FP0O6- 0501-00 formed on the rear focal plane of the mcro fly's eye lens 5.
[0032] Fig. 2 is a drawing schematically showi ng a configuration and
operation of a pair of correction filters in the present enbodipeyg-0501-00
t he present enbodi ment, as shown in Fig. 2, the first correction filter 8 5
is located in front of the mask blind 7 (on the light source side) and the
second correction filter 9 behind the mask blind 7 (on the nmask side).
Nanely, the first correction filter 8 and the second correction filter 9

are positiofeined ondhpeeis f(mabf)kiﬁei ofthedinidrer @yt elyedemesch ot her al ong the
optical-axis direction of the illum nation optical apparatus. Each of the
10 first cor{@@32]oRid.i2tiera Sreamichg beheynatically showdng enconfigerattbrhaada form
of a plane-parallel plate and has a transmttance distribution of

t ransm t t ancepetiticreofatpaic of redirregtion fitterdantde present ensbodiaresity, Ja  dense
pattern of |ight-blocking dots of chrom um chromumoxide, or the like is
formed as anthalpresentembadiment,oas elvawpl is, Fign 2 dhe fukt aarrebtioptfilted 8sur f ace
of the first correction filter 8 on the mask blind 7 side and an opti cal
surfade of tisclosatashin tont efthemask bindd’ Gen the light kobrdengidey asd dbe

Nanely, the optical surface of the first correction filter 8 on the mask -
blind 7 si desegema perregtior 4ilteru? thebdndthe imasle bbind ¢ dpnetbei maskisidex 9 on

the mask bli 7 si&le ferve as ,adjustment surfaces. 20 [0033]. Specifically,
the first co&g&quo erfirst epriection falien and thegecand gprrechign klien? are

(T anarm & ancBOFIGORER ShARSRECH e REBHERRS OF TErRa dFoRt hcle iBgr olona dhg  t he
per phery | rOBERHrAAGEESHON Of died0PEBREDPORRICHN FBPTaREt. anEech SERROM { he
houf0i n Fi ofits cREseetioRlile | aid thersmondRrBsciat FIlSa0 s Sfowm o |
: plane-parallel plate and has a transmittance distribution of
transmittances different according to incidence positions. Namely, a
dense pattern of light-blocking dots of chromium, chromium oxide, or
the like is formed as an adjustment film, for example, on each of an
15 = optical surface of the first correction filter 8 on the mask blind 7 side
~ and an optical surface of the second correction filter 9 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.
20 [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

25 - 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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FP06- 0501-00 quadric convex pattern that the transm ttance i s nmaxi nmum at
the center of the effective region along the Y-direction and that the
transmttance nonotonically decreases toward the periphery in EEEROZANCEN
with a quadratic function of distance fromthe center, for exanple. 5
[0034] In the first correction filter 8a difference between the maxi num
transmttance in the periphery of the effective region and the m ni num
transmttance at the center is set, for exanple, to 4% and in the second

correction figuhdric Tonveikffattesn dhabdioveansiniandenismaximans at thaceetern the
peri phery of the effective region and the maxi mumtransmttance at 10 the

center is sevf therfiectivel regidm aldhg Naerd-direttion fandsthat dhe eecdrispmitfanceer 8
has the transm ttance distribution of the quadric 4% concave pattern and
t he second coomatonmallfyi eereaSes Hewardnitw peripherydiiat acdordance ofvithha
quadric 4% convex pattern. As a result, the first correction filter 8 and
the second cquadeticountctionef distance framitheeenter, foragrampleance 15
di stri butions conplenentary to each other. [0035] In the present
embodPrent, [ 4Hphuthe Gesti corsection filtes Baadidferenee: betwetmmn maxemiuim st
correction filter 8 (precisely, the ggt i cal surface thereof on the nask
side as an aHpnsmaance in the perdphery ahthe ffeative regicmgand the miniaiume ance
bet ween the second correction filter 9 (precisely, the optical 20 surface
t hereof on tWansMEkaNceod e egnier & setn foxiprampbaitor 4 Yognd ia thasecaadk bl i nd
7. Now, let us focus attention on rays arriving at,a center _point Pl as
i nt er sect i ngCOreFem diligs: ¥ andifigiencaddeweenetheasunivium Fansmittases i be
illumnated (or the wafer Was, a.final surfage to he illum nated), rays
arriving at epB‘PfhE’ehW %’fr %We%i%%tﬂ‘ﬁ@ HeLORi @ﬁﬁ@enmwmérwmlﬁénwat
direction fromthe center .point Pl, a rays arriving at a point_. P3 the
Sane Qi ot anc@ogsARer §Sr§et%h@%-§?(a@ill? 9 Oer ; Srarnel, Sas s GBrRUGR filter 10
' ' 8 has the transmittance distribution of the quadric 4%-concave pattern
and the second correction filter 9 the transmittance distribution of the
quadric 4%-convex pattern. As a result, the first correction filter 8 and
the second correction filter 9 come to have the transmittance
15 - distributions complementary to each other.
[0035] In the present embodiment, 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
20 .- 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
25 - 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 point P1.
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FP06- 0501-00 [0036] It is assuned herein that in a state in which the
first correction filter 8 and the second correction filter 9 are absent, a
pupi | lum nance distribution about the center point Pl, a pupigpdaLys0a0g@

di stribution about the point P2, and a pupil |um nance distribution about
the point 5 P3 all are uniform as indicated by hatched regi ons above the
first correction filter 8 in Fig. 2. That a pupil lum nance distribution
about a certain point on a surface to be illumnated is uniformis nothing

but that a [0@36] Itniseassitnedheteinthat tm afstateenh ehitihehe Ifirsticoattiion pupi |
plane (e.g., the rear focal plane of the mcro fly's eye lens 5) by rays
arriving 10fifer thand thé secosd worfertion fiios?)] ardhabrsent)| § pulpd fumistance
correction filter 8 with the transmttance distribution of the quadric
4% concave pdistabutios ghadethe, cemter point P, wavipugoik dumisandebdistibutatiout t he
center point Pl changes fromthe wuniformpattern into a concave pattern,
the pupil | uaberinte postrPhuanda pepddominanes gastnibubancaboutethef poimi t he

uni form pattern jnto an inclined pattern, and the pupil |um nance

di st rPbut i onPaballt atehanplorm as3indianaigds byt hatohederegionsrahqyet the nfitsht o an
i nclined pattern incljined in_the oppgsite inclination direction_ to the

i ncl i ned pat €@irectypn dilterpghimE1po2. adhatd pupid dumipanes dissdbutgn @boubet ween
the first correction filter 8 a%nd th rTTlsk 20 blind 7 and, between_the nmask
blind 7 and #KETSEE BAHICORN PesuLidhe 19 Pedlluminatedrigyuniformoisaeg Ly, the
adjustnment filmaof the first correction filter 8 ,outputs light with a

li ght intenst &t i5eASi B TR Pariendormeth am e Hiuminationaupll #R€ and

et e (ko R Sn Y it S5 B B kbt ™
di st ibbUt i Onatv)fﬁgppginltiig%i beam to arri ve at the center -20
[0037] When only the first correction filter 8 with the transmittance
distribution of the quadric 4%-concave pattern is present, the pupil
luminance distribution about the center point P1 changes from the
uniform pattern into a concave pattern, the pupil luminance distribution
15 about the point P2 changes from 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
20 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 Iight
25 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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FP06- 0501-00 point P1 passes through the adjustment filmof the first
correction filter 8, a change in light intensity distribution fromthe
uniformintensity distribution into an inclined intensity di StFPRELSON-00
when a light beamto arrive at the point P2 passes through the adjustnent
filmof the first 5 correction filter 8; a change in light intensity
distribution fromthe wuniformintensity distribution into an intensity
distribution inclined in the opposite direction to the inclined intensity
di stri buti onpooutrP bpassali thyotgh the adpisttneR? filheof shé ifight cdreectismw fidteri ve at
the point P3 passes through the adjustnment filmof the first correction
filter 8. 108} G0shingarihhbghbimtensity ndistribweso fromothe ehifoons ihteasit) with
the transmttance distribution of the quadric 4% convex pattern is also
present in aduittibutiondntthanfinckned antessitiy adistributeon svherhae light dedncdor ect i on
filter 9 acts to return the pupil |umnance distribution of the concave
pattern abou@rtive atéhﬁqwlpbiﬁﬁ pRssasothwoughf thenagjastroent fioh of thaafige t he 15
inclined patterns of the pupil |um nance distributions _about the point P2
and tRe poi neomgctioni filer Medapehangensn viight enfieasity ddistibetéontfromdhenat i on,
as indicated by, hatched regjons between the second  correction filter 9 and
the imagi ng BpHpER Ifgrsitmdigribytionniyran eptensidy disyribhwion ancliggdijivct i on
optical system PL) and between the inmaging, 20, optical system 10Q (or inaging
optical systEl 1@PPOSHS; e@tfﬁﬁﬂo%ptﬁ%altgesy i) infgasitye HetROWIQBr t he
wafer W. in Fig. 2. [.0040] Nanel t he adjystnment filmof the second
correction f¢9 ﬁp@&lﬁgstﬁ @@tl?ﬁlilglﬂ ﬁ%ﬁ%ﬁ#ﬁlgﬁ?qa@hﬂoi%’f@ﬁsﬂtt@ecﬁ@ﬁi buti on
different fr that of incident light, and. effects the .foll]ow ng changes:
a change froﬁrgnﬂﬁ‘ésqﬁ *g‘ﬁ?ué]?bﬂ?“?@ hpgnﬁﬁgpr(?fifglﬁéﬁt GPfrPﬁ'éOEéJHEeJ\g intensity
glr flt i@bgt ! ? E@@?ﬂtﬁyﬁggrﬁégplwﬁe%ﬁhé ysgc!osilt Ic%%écgc{]on 1 Ec]erad I\%lhch ?ﬁg mto

transmittance distribution of the quadfic 4%-convex pattern is also

present in addition to the first correction filter 8, the second correction

filter 9 acts to return the pupil luminance distribution of the concave

pattern about the center point P1 to a uniform pattern and to change the

15 inclined patterns of the pupil luminance distributions about the point P2

‘and the point P3 .to inclined patterns with 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

20 - optical system 10 (or imaging optical system 10 + projection optical
“system PL) and the mask M (or the wafer W) in Fig. 2.

{00401 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

25 intensity distribution of the concave intensity distribution into a uniform

“intensity distribution when a light beain to arrive at the center point P1
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FP06- 0501-00 passes through the adjustnment film of the second correction
filter.9; a change fromthe light intensity distribution of the inclined

intensity distribution into a further inclined intensity di st rFpegiosniuhen
a light beamto arrive at the point P2 passes through the adjustnent film
of the 5 second correction filter 9; a change fromthe light intensity
distribution of the inclined intensity distribution into a further
inclined intensity distribution when a |light beamto arrive at the point
P3 passes t hpassgs thrheghdhestdyestmeritl filmfoff the sewowdcowection ifdterf 9§ aer 9.
[0041] In other words, the cooperation of the first correction filter 8 and
10 t he seconéhange droirothd ilightr irgensityn glistrithgiomiofothe paglined umtenaitye

di stribution about the point P2 (and points having the sane Y-coordinate

as P2) to thdigtrihutioni ntoi mduithar packieed intahsityadistsbutien unhénranlighi |

| um nance distribution about the point P3 (and points having the sane

Y- coor di nat ebaamr) afrove afethe priat %Qri@assﬁaﬁhmugbaﬂlﬁeﬁdjuﬁawmgﬁm of1he
inclination direction opposite to that of the_ inclination pattern about the
poi nt P2 andSew¥It aREeadgn ddtest 9 achrnge ifoom thetlightt intensigedistribwi@on uni f or m
pupil lum nange distr] batj on a;bo(tgiti the center point. P1, (and _ points having

the sane Y- c8brihenmickingd mitgnsity, aligfsibusions intodpySikhar: indmead; metgnsity
the. poi nt _PadisriBeyBAGuAGD Bbelnt A 1 SEE BF ThenBO IR PRSSERBIONE. poi ni
dogrco of |1 HEALIMRENPHARITD GLADF SEOhEORBRLEn SIFMS. | um nance o st ri buti on
Song ¢ he v~ ClPUBCkEher ot a e e oathling Ghio (15t POREFBRETIS AR 2 ¢ hat
o PLAB! o3 GELSRISEln RL Mhaie D RS S MersalEE 0 B
distribution about the point P2 (and points having the same Y-coordinate
as P2) to the linear inclination pattern and changes the uniform pupil
-luminance distribution about the point P3 (and points having the same
Y—coordinate. as P3) to the linear inclination pattern having the
15 - inclination direction opposite to that of the inclination pattern about the
‘point P2 and the same degree of inclination, without change in the
uniform pupil luminance distribution 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
20 - 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 ‘distribution about a certain point increases with distance
- from the center point P1 along the Y-direction. It is also apparent with

25  reference to Fig. 2 that a size of a region where rays to arrive at each

point on the surface to bé illuminated pass through each of the first
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FPO6- 0501-00 <correction filter 8 and the second correction filter 9 (which
W ill be referred to hereinafter as "partial region") becones |arger as the

first correction filter 8 and the second correction filter 9 FEGEOSOMUE
distant fromthe mask blind 7, and that the degree of linear inclination 5

adjustnment for a pupil |um nance distribution about each point also
I ncreases therewith. It is a matter of course that the degree of |inear
i nclination adjustnent for a pupil |um nance distribution about each point

al so i ncr easeerrastibhefilteg@eandf thehaagend redrtestionafigiert 9 aiveleichdiaglirbdbut i ons

of the first correction filter 8 and the second correction 10 filter 9 (4%

in the foregoifegedxtonpes)inafiesat 'lpargal regiondBbeSomes lahgermpaethatfirst

enbodi ment has the configuration wherein the first correction filter 8 and

~the second coerrectidndilfirl§ and 3héaeeond eormotipheiniter Aaye isebinsoretdistant

di stributions and wherein the first correction filter 8 and the second

correction ffionerthe anaslks dlindyu?,diasdaithatl 3hé r degrene ofrebRedn iindliatoon bot h

sides thereof, as described above, the position and size of the parti al

regi oA about ad@istment der ¢h pupd duminanse: distbutiphuabeutt each i poinhealsoe r st

correction fjlter 8 are al nost equal to those in the second correction

filter 9. Asingreassstherawishpubt Is aumatigned caurse thatutheodegasuel dimgar poi nt
on the surface to be ilJumnated is adjusted 20 on, a .poi,nt-by-poi nt -basis

- by cooper at | B¥liggtioReadjustnenbiee & popll Twpinanse disdribrtios cebmiet 6881 oot i on

filter 9, but the jillum nance diﬁ{ﬁf}i&)utmn n.the surface to he

i 11 um nat ed PRINrefliPaiEBasASIHE thihidegras Wi Hhange s ibshentiaasmifianek

0042 1 U PASaRts ST R cots A R0 e IShS B tn o7 e
POl nfo P OMgffPo TS i e foreSoing EXample) Is 36t lafger, © & Second fraht 23
[0043] Since the present embodiment has the configuration wherein the
first correction filter 8 and the second correction filter 9 have the
complementary transmittance distributions and wherein the first
correction filter 8 and the second correction filter 9 are set equidistant
15 - from the mask blind 7 on both sides theréof, as described above, the
position and size of the partial regibn about each point on the surface to
be illuminated, in the first correction filter 8 are almost equal to thosé in
the second correction filter 9. = As a result, the pupil luminance
di_stribution about each point on the surface to be illuminated is adjusted
20 on a point-by-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 embodifnent, as described above, where a first
| 25 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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FP0O6- 0501-00 beamis defined as a |light beamto arrive at a second poi nt
(e.g., the point P2 or P3) different fromthe first point on the surface to
be illum nated, a change state of light intensity distributiorFpugosed-ty
the first correction filter 8 and the second correction filter 9, for the
first 5 1ight beam passing through the first correction filter 8 and the
second correction filter 9 is different froma change state of |ight
intensity distribution inposed by the first correction filter 8 and the
second corr &ehiois tlefined & aflightt bearsetwoartivé abta beamdaehitng.ghrthegh t he
~first correction filter -8 and the second correction filter 9. This makes
it 10 feasi bpeintoP2nde@hdeiffeserddfrost thacfirsif ppuni on | thiei sarfaee to be

di stributions about respective points (e.g., the first point and the
second poi nt Jlluminated, auﬁaage state lod lightuntemsitydiitvibutjon {Mpasdd bisitheéy, in
the present enbodinent the first correction filter 8 and the second
correction ffirstecogectiostiilten 8 and s secend foorrection fitepéhdiemtthg Bt ust i ng
each of pupil, | um nance distributions about respective points on the
surfade to blight bgam passingNpraygh ske finst sorrectionHiltex Boand dheyspeond us of

t he present enbodiment is able to adjuyst each of pupil |um nance _

di stribut i on§oEectier jalter Ye ipsliffeserdninone a whpnge statepef lightumitensiéy t o
bei ng al nost _uni.form while intaining the illumnance 20Q distribution

al nost uni fodmtrd{auftl% %W%%gﬁ biyo the ﬁLnrs(iJ wentregtian (Nterwp: andnhthemeeandit s

able to accurately transfer the mcroscopic pattern of the pmask in a
desi red Ii_nec‘?ﬁrﬁ‘é‘#l& Higrs0s fr tha speo E@@Erh@aﬂb@aéﬁn&n%wghéﬁ%ﬁﬂlﬁ W
[0046] In the above description, the first correction filter 8 and .the 25
second cor r eEPTEFHIPR &tﬁé‘?r B 3 t@@t“&ﬁ’@ﬁd?%ﬂﬁ?ﬁloﬁrmﬁ Re rgé@ﬁ WEKRY 17 on

bot “18' des __t Pe%rsﬁﬁfe ;tOhiCI)I e\ﬁgﬁﬂertltrllj? eisd?lrlrgt géghe% patlfpii Turtnri]r?aéc%r ﬁ?s%rliggtioﬁsz 4

about respective points (e.g., the first point and the second point) on the

surface to be illuminated (M, W).
[0045] Namely, in the present embodiment the first correction filter 8
and the second correction filter 9 constitute an adjuster for
15 independently adjusting each of pupil 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
20  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 déscription, the first correction filter 8 and the
25  second correction filter 9 are sét equidistant from the mask blind 7 on

 both sides thereof; however, the same effect as in the foregoing
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FP06- 0501- 00 enbodi nent is al so achi eved when they are set equidistant on
both sides of a conjugate plane optically conjugate with the wafer Was a
final surface to be illumi nated, specifically, when they are $806-0501-00
equidistant on both sides of the mask M for exanple. In the above
description, the 5 first correction filter 8 has the transmttance
distribution of the quadric concave pattern and the second correction
filter 9 has the transmittance distribution of the quadric convex pattern;
however, theesdmelimichedd alse achievdiewhenedhoy age setbagliidistint on bbtipsidehi eved
in a case where the first correction filter 8 has a transmttance

di stributi onobfa aonjugdte plame optichllypesnjegatcamdtinties evafee Weasre fual r ect i on
filter 9 has a transmttance distribution of a quadric concave pattern.
[0047] | n thsurfhow &0 besithinpinated, speeificalbt, weloerr dudyi are fetl equidBtamtdon he
second correction filter 9 have the transmttance distributions of the
quadri c pat t bes sidesvasvibe maskdytfohaxampleo e the raboee description, sheari ety
15 of nodification exanples can be contenplated as to the patterns of the

t rans#i t t ancErshi earregsian Ster i hasn tho tramsntittagee distributioonof thet guadiand t he
second correction filter 9. Specifically, for exanple, it is also possible
t 0 .cont enpl at@NeavigoRRtgTEANd the feemcoiteeon ﬁltﬂirg) hag tthe dransorittence i | t er

8 has, for exanple, such ,a trapsmttance distrjibution of a quartic M 20
shaped pat t edistiibgiion od the G GARECY pefeEyRowATer, 4he serEneteet adises
fromthe center, toqward, the perjphery in accordance with a quartic, function
of di stance ¥} Big {07eeeing smhadimest 85 plsq AgBicVEqiiBra sRsmavhate the 1St ecti on,

cor oot T on SuRerion pllir S9a5\a FFAESTHEAREH (HHRUIGRSe AELHACHIF BPUMuar t |
Wsheged patiorn that the transmittance decregsesjonce and thep increases
distribution of a quadric concave pattern.
[0047] In the above: description, the first correction filter 8 and the
second correction filter 9 have the transmittance distributions of the
quadric patterns; however, without having to be limited to this, a variety
15 of modification examples can be contemplated as to the patterns of the
' transmittance distributions 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-
20 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 thie .modiﬁcation example, the second correction filter 9 hae

25 sucha transmittance. distribution of a quartic W-shaped pattern that the |

- transmittance decreases once and then increases from the center toward
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FP06- 0501-00 the periphery in accordance with a quartic function of
di stance along the Y-direction fromthe center of the effective region, as
shown in Fig. 4 (b). In this case, the transmttance distri butFpyg-06501L%0
first correction filter 8 is set to be conplenentary to the transmttance
distribution of 5 the second correction filter 9, with the same effect as
In the foregoing enbodinent. However, since the first correction filter 8
and the second correction filter 9 have the transm ttance distributions of
the quarti ctlpaperphery inhacdordancetvitnag gdprtid femtticaf dLdistande flvad ths not
the linear inclination adjustnment, but cubical inclination adjustnment. It
is 10 noted Whdirecthen ffromt theocerdet iodrthéidffentivé reglonhas showmdircbig.e€t i on
filter 9 nmay have their respective transnmittance distributions whose
patterns are(bhi dimethis ase} the traasmittandehdigiribtiionsobthe Hfiest camsotion ance
distributions of the patterns of the first correction filter 8 and the
second cor r efiltieo® i s¢tt tr be complementary 40 the dransmittmce adipwitanion bf near
conponent). For 15 exanple, they may be transmittance distributions each of
whichSis a Bwnseonnd earrectian filien Pnatitlothe samenefiectnas in sheyfaxageing
conponent (or_a quartic_or higher co onent%. The patterns of the
transni t t ancemb@dsmenbut iHewewer, t siacei ther {irst rearredston ifilterr 8 andd there
second correction filter 9 y al so be odd-order conponents such as cubic
nélig e isteib

conponent s. $&ongogorrectHon h& bayesthe pansmittance disteioutionseet ithe i1 ter
8 and the second correction filter, 9 are provid W th the respective one-
di mensi onal PHEnPatiERSe tg? s@PLB@FPBrﬂJJHﬁ@h"g@t ﬁ%g‘?t arhisvedols netithe ¢ s
change. i r ecknEHs TS RRNCAGLRIEHs Tk APl pRHRBe T SeRe Bt 1ois . 25 11
cor Mt on' Troted gt BR firsCepmEetion g biamardicoreaond SR AeREr T 20
may have their respective transmittance distributions whose patterns are
higher than the quartic. The patterns of the transmittance distributions
of the patterns of the first correction filter 8 and the second correction
filter 9 may contain an inclination component (linear component). For
15 example, they may be transmittance distributions each of which is a
cbmbination of an inclination component with a quadratic component
(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.
20 | [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.
25 - Itis also possible to provide the first correction filter 8 and the _second

correction filter 9 with respective two-dimensional transmittance
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FP06- 0501-00 distributions, e.g., rotationally symetric transmttance
distributions. The transmttance distributions to be given to the first
correction filter 8 and to the second correction filter 9 canERER0861-00
defined according to other appropriate functions. An exanple is, for
exanple, to define the 5 transmttance distributions of the first
correction filter 8 and the second correction filter 9 by |ater-described
Zerni ke pol ynom al s, whereby each of the pupil |um nance distributions
about respecdistgbptions,s eq, trbtationallfyasentmetres ittdnsmittahee distrithgiad. ust ed
on a point-by-point basis in accordance with a variety of forns. 10 [ 0050]
| nci dent al | y Thertratsmittaneg alistyi beriongi toeve giwelnetoethiehi@rst icostectionrfiléert 8 on
filter 8 and the second correction filter 9 are provided with the

transm t t ancanditet thebsedomas cotrection filker 8seroalsohbe diefrrdpatcarding ob

| i ght - bl ocking dots |ike chromumdots, it is necessary to evaluate
transfer of @ appropriete funstinaser Au gxaniple lisicforexamplef ta definethat 15
each dot and to set the size of each dot, the distances of the first
corredtion firppsmutgangeidistabedennerl dae fiest comeetion diltey § podhthaseeenrd bl i nd
7, and so on. In the afbove descriptiqgn, the first correction filter, 8 and
the second ceRreeiioniiltarQ by laicsdeserbed desnikerpolynemialsnwierebyeach

di stributions tgrough, the use of the dense patterns of |ight-blocking 20
dots, but, wPfHB&t PHEN ﬂ@mmn&@ distlbwdony, ghout; respsclaye Pyiatsion éhe o
provide the filters wiih continuous]ly changing transm ttance distributions
by control | fHEGHIQ mgﬂgglw o B4 [aeiusiad (Ot 2 pPinsthyepeInthass 1

anot her configuration, .the tr.a snl.tgé;ance di stributions of optically
t ranspar ent 4&196 #3CG WatE2VoESY BF 19185t he first correction filter 8 and 25

e FFEnS S RS, 4%, T, Eeitine bR ubtCrah R et
correction filter 8 and the second correction filter 9 are provided with
the transmittance distributions through the use of the dense pattems of
light-blocking dots like chromium dots, it is necessary to evaluate
transfer of each dot onto the wafer W and influence of diffraction at

15 each dot and to set the size of each dot, the distances of the first
correction filter 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

20 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

25 the second correction filter 9 may be set to given transmittance

distributions. ~ The transmittance distributions given to the first
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FP06- 0501-00 correction filter 8 and to the second correction filter 9 are
not limted to the continuously changing transmttance distributions, but

may be stepw se changing transmttance distributions. [0051] Ippgd®501-00
f oregoi ng enbodi ment, the transm ttance distribution of 5 the first
correction filter 8 is set to be conplenentary to the transmttance
distribution of the second correction filter 9; however, wthout having to
be limted to this, it is also possible to contenplate a nodification

exanpl e wher ebrrettionSiicand aedrtoadkisecohd| doerecdionsfiliepidedotiirhited to
transmttance distribution substantially different froma 10 transmttance
di stributi ontlonorimmhsly therddiegt transmitthace edistitaitiorsyt bon byt be first
correction filter 8. In this nodiftication exanple, the illum nance

di stri buti onstepwise changmgetramsrhitdriceudistriiigibriss adj usted according to the
di fference between the transmttance distribution of the second correction
filter 9 and[@0fl}t hatkeiforeguing EnHodimentytthe niramsmittmest distrilutiom of _
transmttance distribution of the first <correction filter 8, whereby it is
feasi Bl e to tuj ulrstezotrestionhdilterpi8 id wetnamcbedicomplomentary 4o rthepecti ve
points on the surface to_be illumnated to being alnost uniform while

adj ust i ng t htransmafamea cestribugion pfitthensemendheomectianefilter % howewenat ed to
bei ng al nost uyniform 20 [0052] .Simlarly, as_a nodifijcation exanple of
activel y adjwithawy havang ito ibendimatesletodihys.r it isialsnpessiblectas contgseplate ae
illumnated, the first <correction filter 8 and the second correction
filter 9 canmgdifcaiion exagple whergin jheiregandperraciionidiar His pavideddes of

the mask blind.,7. In this,  case,_the i]Jlum nance distrjbution on the
surface to bw®ifh | ﬁm@%%t@&ﬁebéilﬁy%émqubt sebdantially nghigfél'@cﬂ’ie faomy efence

bet n the distance of the first correlctionfilter fromthe mask blind
- 7 andYt he di Tanspatace pal n _ ggmplementary to e transmittance

distribution of the first correction filter 8. In this modification

-example, the illuminance distribution on the surface to be illuminated is

adjusted according to the difference between the transmittance

distribution of the second correction filter 9 and the transmittance

15 distribution complementary to the transmittance distribution of the first

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.

20 ~[0052] Similarly, as a modification example of actively adjusting the

R 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 be illuminated can be

25 : 'adjusted according to the differenée between the distance of the first

" correction filter 8 from the mask blind 7 and the distance of the second
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FPO6- 0501-00 <correction filter 9 fromthe mask blind 7, whereby it is

eventual ly feasible to adjust each of the pupil |um nance distributions at
respective points on the surface to be illumnated to being alppy-0501-00
uniform while adjusting the illum nance distribution on the surface to be

Illumnated to 5 being alnost uniform [0053] In the foregoing enbodi nent,
the first correction filter 8 and the second correction filter 9 have
their respective transmttance distributions of transmttances different
accor di ng t ocomectienciltepdsiftoranshe butisk blidibUt, Wheratyy tip ibeevdntusléy to it,
it is also possible to 10 contenpl-ate a nodification exanple wherein the
pair of corrfmsibde tofadjnstrenchr f threopirpié dumiihdndehdistribvetSpes it wspective
transmittance distributions of transmttances different according to

i nci dence anpbess onnthehsiwrfacoth biecdluimimatedtplbeing almesaopiferms whiden i n
Fig. 5, one correction filter 8a is located on the light source side with .
respect to téadjustipgithelidumingndodistfibutien iomethiersyrfasei todte Hiianamtad té whi ch
is a conjugate plane optically conjugate with the illum nation pupil

pl ane?, and be¢iagalmast uathoraction filter 9a is | ocated on the mask side
with respect to the pupil plane | Oa of the imaging optical system 10.
[0054] In thit)53dsk egeing ¢msbodimant, the frscemecten flters angde beam t o
20 arrive at a first point on_the surface to be illumnated and where a
second | i ghtseseag i eomeetigrd fHtera Pi ghtveedheiro mespectvent transByBABCY 0i nt
different fromthe first point on the surface to be illum nated, an angle
of inci dencelisBEMUILRRS 268 dranspiittapees (digRrenie ARCORIIBEINIQ héDIEERR t i on

filters 8a and.Qa is, different_ fromthat ypon passage,of . the second |ight
25 beam t hr RHALPAS Bl rthowh Ry Ings o ﬁ%@@@, Ity meﬂ%abﬁ%powgfﬁaﬁge state

of li@ ht i_ ntc?or}istimtl%falgtiesylifnbou ihggti Iilvg}?aéglé Qghériegr? tthlei Qllr ?)%a&])r?gctgohne 29
filters are provided with their respective transmittance distributions of
transmittances different according to incidence angles. In this
modification example, for example as shown in Fig. 5, one correction

- filter 8a is located on the light source side with respect to the pupil plane
15 10a of the imaging optical system 10 (which is a conjugate 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
.' 20 ~ 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

25 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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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
~correction filters 8a and 9a. [0055] In this case, therefore, RFF-830%-00
effect is also achieved as in the 5 foregoing enbodi nent and the foregoing
nodi fication exanples. Nanely, by adopting a configuration wherein the
transmttance distributions of the pair of correction filters 8a and 9a
are set to be conplenentary to each other and wherein the pair of
correction fcotrection Shltersd@Qaarad dasés déffefetit sfrant aochiegd ssatdest dight he
pupi |l plane 10a of the 10 inmaging optical system 10, it is feasible to

adj ust each oftensity ghigttibutionngzivence thesedcdnd lighs beam éspthnt coreptdomt s on
the surface to be illumnated to being al nost uniform while maintaining

t he il uni nafitters 82 andi%auti on al nost uniformon the surface to be

i1l um nat ed. &90056 Wen the transmttance distributions of the pair of
correction [055] lethds gaseyritiesefone ctheesame effesti s alsot acdllievedias dnghenent ar y
relation, or when the pair of correction filters 8a and 9a are set at

nut uabl y di f fasegaing mmgadunsnbnambt thei twsgoing hmodiifpcatign aesarmplesof t he

I magi ng optical system 10, it is feasible to adjust each of the pupil

| um nance dNemelput bpnedaptings geceonkigprtions wherdin shef seansputipace

i1l um nat ed é_o 21()) bei ng al nost, uniform while adjusting the illum nance

di stri but i ondigHLbytens @iftheepais ok corteghivnatifigrs &ab@md@amaﬁwm daiborm 1t

e P b et 8 b bbb o e 1 o,
of 25t anorkd AR G TR SAMAISETE TR PIAer i be T Bl 0P T (BF use o
COrTRGL O TimdgingPSpticdlsystim 10 it SSPRAHNIE o AGRSt 'ath oot the puptt ' O™
' 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.
[0056] When the transmittance distributions of the pair of correction
15 filters 8a and 9a are set in a substantially uncomplementary relation, 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
system 10, it is feasible to adjust each of the pupil luminance
| distributions at respective points on the surface to be illuminated to
20 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

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

~correction filter pair (8, 9) with respective transmittance distributions of
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FP0O6- 0501-00 transmttances different according to incidence positions, in
conbination with a correction filter pair (8a, 9a) wth respective
transmittance distributions of transmittances different accor diFpgel0501-00

i nci dence angles. 5 [0057] In the above description, the pair of correction
filters (8, 9; 8a, 9a) are provided with their respective transmttance

di stributions, but, wthout having to be limted to this, the same effect
is also achieved as in the foregoing enbodi nent and the foregoing

modi fi cat i ontremsmjitarres byliffierieny aaddordingadjtost iritlefi¢d mpositiensecimd
adjustnment filmwth their 10 respective reflectance distributions of

ref | ect ancescathbimatemt withoadicogrectioni didtedtepair [(8aj t9a)nswitlorrespectiverg a
first adjustnment filmand a second adjustnent filmwth their respective
refl ect ance ftansmittanceonkstobutiont| et tranemitlahdesr eliffepentondcomling tonci dence
angles. It is also possible to use an adjustnent film (correction filter)
with a transimcidenceanplesii stri buti on of transnittances different according
to incidence positions i nci dence angles, in conbination with an

adj us? ment fi00&7}ilonthe alé)crm descriptionyi ther paintdfogoroectian fBterad8e9; 885 f er ent
according to_incidence_ posjitions or incidence angles. [0058] In the above
descri pti on,9@)haeppravided cwithetbeiorespertive drammistangs, distibwignsartiitused,
e Used. | oVHBPUS BRREHICoPe UBHPATOANHaE SaMS P86 oS0 AChiHRaras | ve
i nt ai ni ng BriPRAPUSETIRG TRBOMIGN Fehces doeseoite oM HSALOPBCSIPRECe Lo be
Tinited to N o Agrr AbpBReRE D A s oRE A ISneBh AlE Satbeioner al | y
achi le_()IEd by rg‘sal?enc ivc()sf reﬁéc?aq{c%séi%ﬁigﬁggﬂsi (S)f ?e%]eactaﬁgels different according to
incidence positions, or by using a first adjustment film and a second
adjustment film with their respective reflectance distributions of
reflectances different according to incidence angles. It is also possible
to use an adjustment film (correction filter) with a transmittance
15 distribution of transmittances different according to incidence positions
| 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,
20 ~ 9a) are used, ie., the pair of adjustment films (adjustment surfaces) in
| other words are used, to adjust each of pupil luminance distributiohs 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,

- 25 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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FP06- 0501-00 plurality of adjustnent filnms (adjustnent surfaces) having
predeterm ned transmittance distributions or reflectance distributions.

Namely, it is possible to contenplate a variety of nodificati orFEyeuBl8S00
as to the nunber and arrangenent of the adjustnment filnms (adjustnent 5

surfaces) which the adjuster conprises. [0059] Specifically, for exanple as
showmn in Fig. 6, it is also possible to contenplate a nodification exanple
using three correction filters 11 a- 11 ¢ having their respective
transm tt anceluhiabity i bofi oadjustmentansfiirhs angﬁﬁus@méﬂter antfagespr dhavdngo
I'nci dence positions. In the nodification 10 exanple of Fig. 6, the tirst
~correction fpredatetrhmesh transmittenon disteibutieeisi on reflettancet distréetiorscat ed in
order fromthe light source side in the optical path of the condenser
optical syst &amelyeitviegrossibde bd conteimptate a arpeicty od rhodifitation examskpleki nd 7,
and the third correction filter 11 c is located in the optical path
bet ween t he e®hddhearumber and svatgeméntaotithel sdjustment Kilhisi (adjFstnfed®60] | n
this case, since the correction filters 1la-1llc are located at nutually
di f f ebent posuttihesss whichibemsliustar camipsisdsr ection of the illumination
optical apparatus, as shown in Fig. 7, regions where an on- axis |ight beam
(a |ight "beal@%i Spaejtwallanfonaxamplstasothayen we &ngt bt 20alsagossihlago 7 and
the optical axis passes,through the respective correction filters
1la-1ic, i.eContgmplatesagnodifigatiayesampla asing three qawection diltars fldaent
anong the correction filters Ila-l1le. Simlar)y,. regions, where an off-axis
light beam (Al¢ PgKing eI sespectivg teansmifignae dastribréionsdicransmidtances st ant
fromthe optical axis .passes. t hrough the .25 respective cojrection
filters |1 a fifterent eaf,:éz)?f:hlf%xt% wtﬁwe rRRFIHABS. Lab1 the | Bodificaiaen ar o
I i fferent ti filt | 1a-ll -32
a SOI8I eregxamaBPengoft rﬁg?oé,r e ' first' correction filter 11a“and the second

correction filter 11b are located in order from the light source side in the

optical path of the condenser optical system 6 between the micro fly's

eye lens 5 and the mask blind 7, and the third correction filter 11c is

located in the optical path between the condenser optical system 6 and

15 the mask blind 7.
| [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
R 20 ‘mask blind 7 and the optical axis AX) passes through the .respective
| correction filters 11a-11c, i.e., on-axis partial regions 11aa, 11ba, 1lca
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
25 : respective correction filters 11a-11c, i.e., off-axis partial regions 11ab,

11bb, 11cb are also different among the correction filters 11a-11c.
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FP06- 0501-00 [0061] In this nodification exanple, it is feasible to adjust

each of pupil lum nance distributions at respective points on the surface
to be illumnated to being alnost uniform while adjusting thgphd-gsionange
distribution on the surface to be illumnated to being al nost uniform by 5

properly setting the transmttance distributions of the respective
correction filters 1lla-llc, the positions and sizes of the on-axis partial
regions and the off-axis partial regions on the respective correction
filters Ila-[0@61]ahdtisie modiffeationesxammsle, it fehdibhs tooddjubeeautesepipil

I nvention can be generally achieved by properly setting the 10

transm t t anc urdirsdeb ulistoisitions aeffespective pomits | bt thensurficet be be
respective adjustment surfaces (adjustnent filns), the positions and sizes
of the on-axilbumpindted!tor bgingnalmast thifoof, -while adjusting thegdillmsinance he
respective adjustment surfaces (adjustnment filnms), and so on, using an

adj ust er congritsbuton g theaduirfacedd baljlisninated sobeing sinast urkifomm; by 5
films) having predeternmi ned transmttance distributions (or reflectance

di st r Pbut i onpyopstrly r setsimgt tthac éansorittanée edidributipnyaoyi the atespediivig t o

I nci dence positions or incidence angles. [0062] In this nodification

exanpl e al | ecoweeon ddtersnl a-1 terthelpesitipas sizet af dbeion-axis patiatal path
between the m¢ro fly's eye lens 5 as_an , 20 optical integrator and the '
mask blind 7regions tarsk dhe pifeeds gartial regions onather respesiiveeco@eetiod i n t he
optical path_between the mask blind 7 and the surface to _be illum nated,
or only one gﬂeﬁ/\d I@fh%ea@ r$@e . onFrribeamere, shey. effent) of tthe presestti on

filter 1le) may he located in the gpticagl, path., between_ the mask blind 7
and the sur fENENEONLeCHY | b naererallys qﬁne@?él PYeaPHORAILY héettig gdheg

enbodj.nent and nodificati,on. exanples, if .there is_a change.in Lh
1 uﬂbnance arstaittanGe, ndisiribpdons 34ot  reflectance dlstr%butl ns) o ?he

respective adjustment surfaces (adjustment films), the positions and
sizes of the on-axis partial regions and the off-axis partial regions on the
respective adjustment surfaces (adjustment films), and so on, using an
adjuster comprising a plurality of adjustment surfaces (adjustment
15 films) having predetermined transmittance distributions {or reflectance
distributions) of transmittances (or reflectances) varying according to
incidence p'ositions 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
200 optical integfator and the mask blind 7, but these correction filters 11a-
a ~ 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.
| 25  [0063] In each of the foregoing embodiment and modification

examples, if there is a change in the illuminance distribution on the
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FP0O6- 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
exanple, by additionally using a variable slit apparatus as desg@glpsd Loy
I nternational Publication 2005/048326, or an illum nance distribution

controlling 5 apparatus as described in U S. Pat. No. 6,771,350 or the

| ike. [0064] In the above description, the adjustnent surface (adjustnent
film with the predeterm ned transmttance distribution (or reflectance

di stri buti onkuiface ¢o redilhmminaed,ptheceiargier inathe Blureieince Aisteibution énl t er
having the formof the plane-parallel plate, but, w thout having to be 10
limted to tbie suiface $o desiblyposmidd endy bewompastated fors tfor rikagiplé abe
(adjustnent film on a surface of a lens or a reflecting mrror, i.e., on a
convex | ens sdditerm]lyausingcaveribblesslstuapparatussas desaribedein Boeimagional f ace,

or a concave reflecti ng surface. It is, however, a matter of course that

it is generaPuplicatorr 2005/048326¢ tor @ncallhmadgns rdistiribaxtioha cent®lling
(adjustnent film on an optical surface of an optical nenber having a

pl anad opti cappatattheedefaiss] inNovs. Patt Nché, €dhBiogurahediket r om t he | i ght
source 1 to the projection optical systemPL be an illumnation optical
appar at us f ot0064] Imithat abrya wlesoripionvthe adjusimhente sutfape (adjustmeated, and
| et us 20 dea&r' be, an_ adj ustment, met hod for adjusting this illumnation
optical app I@bdé’lt 1the| predetermiaed reammitianss adistiibution (os reflecteney of
description qf the adjystnment nmethod, it is assuned that a plural ity of
(two or noreal%gu@@n &h Tormed ran phe iopgload syskacevel paely eosrestioagfilter

i atri but | ong@dne: o bern Ve (s lsicoprraHel Rleteabats e MAYEAO0R Lo
bel n?oal _mStlianj[efdo 0" 1‘.hvi\'§,i %te isada{léjos tﬂor;;%itslgetoi ltjoyr;ln ggcceacﬂlilgth’rleirﬁuglilroacg no-34
(adjustment film) on a surface of a lens or a reflecting mirror, i.e., on a
convex lens surface, a concave lens surface, a convex reflecting surface,
or a concave reflecting surface. It is, however, a matter of course that
it is generally easier to manufacture each adjustment surface
15 - (adjustment film) on an optical surface of an optical member having 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
20 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 plurality of
(two or more) correction filters having respective predetermined
transmittance distributions are used to adjust each of pupil luminance

25 - distributions at respective points on the surface to be illuminated to

.-being almost uniform, Wh_ile adjusting the illuminance distribution 'Qn
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FP06- 0501-00 the surface to be illumnated (the surface where the wafer W
is set) to being alnbst uniform [0066] Fig. 8 is a flowhart schematically
showi ng steps in an adjustnent nethod of illum nation optical EPEUOROUSO0
according to the 5 present enbodinent. In the adjustnment nethod of

i 1lum nation optical apparatus (1-PL) according to the present enbodi nent,
as showmn in Fig. 8, the first step is to acquire pupil |um nance

di stributions about a plurality of points on the surface to be

i Il um nat ed, thedusface!tburs lluramatddthd butfaoe varerehthieswafacW (0sd9 to

i1l um nated ;él 1). Specifically, the 10 distribution acquisition step Sl11
is to cal cul deing hbmpstpidifémni nance di stributions about a plurality of
points on the surface to be illumnated, and the illum nance distribution
on the surfade066] beg. |8 usi rmatBowchate dchematieallyn sHatvangf stefps iih| ani nat i on
optical apparatus (1-PL). [0067] The design data of the illumnation

opti cal appardjugment pagthotsofisHuntiaation optidaldapmaraims according tagha of the
optical system (6-PL) fromjust after the mcro fly's eye lens 5 to just
bef or & t he waresenp\embaedimendat dndbe tadjisstoent methedrefdiliunsnatiespenptic¢al e
optical surfaces, axial  separations_of respectijve optical surfaces,
refractive i gpeesuatRlymecosdingdet thegprepenteanbodimentyianghown inckigect i ve
optical nenbers tEe 20 wavel ength of used_ light, transmttances of the
respective o& itha| NrstesBEr &5 tarReqUts guipdle lamanancen distaibutivas| dhowt a |
antireflectio fi'l ms and reflecting filns. Reference is made, for exanple,
to I nternati BHERlItYQE NS o the surigge Sodbed lyinaiad,: and ancikiumisanse pupi |

1T un nat ed. CESHIBHEER R hRSUESEGH ik HldmmasbdiBiT,  RoRcifisalls i ate the
|| ugpnance” i strjbuton on. Lhe suifgee to be i luninated) pased on the
distributions about a plurality of points on the surface to be illuminated,
and the ilIurhinance distribution on the surface to be illuminated, based
on design data of the illumination optical apparatus (1-PL).
[0067] The design data of the illumination optical apparatus (1-PL)
15 used herein includes, for example, data of the optical system (6-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 members, the
20 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 WO02/031570 as to how to calculate the pupil luminance
distributions about a plurality of points on the surface to be illuminated,

25 ~ 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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FP06- 0501-00 well known, and reference is nmade, for exanple, to Japanese
Pat ent Application Laid-Open No. 3-216658. [0068] Alternatively, the

di stribution acquisition step S11 nmay be to nmeasure the pupil FRIE-030%£00
di stributions about a plurality of points on 5 the surface to be

illumnated and the illum nance distribution on the surface to be
~illumnated, for each of apparatus fabricated actually. Specifically, the
pupi | lum nance distributions about a plurality of points on the surface

to be illum railkdnoam,bandeeferende i anadzaifg examipldy to JdpanesebPhicnn
measuring device 20 shown in Fig. 9. The neasurenent 10 of the pupil

| uni nance di gtpplimationnsaid-Openido - A16GOG8t i on neasuring device 20 is
carried out in a state in which the wafer Wis retracted from the optical
pat h. The di §006&Huiiltematreclyy itheg dstrimei®D akguisitign rdtep S 1 hendrerbe2ta, a
condenser |ens 20b, and a _photodetector 20c, for exanple, like a

t wo- di mensi onedasaeothel pupiddesiinanes disttibidoneabeut 2qQduraity efgaidtsaon t he
position of the imaging plane of the projection optical systemPL (i.e., a
hei gh® wher etheaguefrpe dedbs ulluaiaatsd end thef dlumimanceodiseripation i andbe dur i ng
exposure). The pinhole nenber 20a is located at the front focal position
of the cond8wdage |tenbe 2dlminaged.héomrachdet apperatsdfabgicatshvstuadly. t he
rear 20 focal, posjtion_of the_ condenser, | ens, 20b., Thereforg, a_detecting
surface of t Eeﬁ%&ahaeth?cmpﬁi@@m@qeo@létrélaltmn%awi& phwabitt pEpeings
conjugate with fhe position Qf aperture stop AS of the projection, optical
system PL. | fntthe sy 'ﬁsugedﬁmﬁa@me@&\m@@su_r@si, E@gﬁxa ngithassed

(puoush, Uhe Brokscs T ORLIeAl YL ALRLE Bl ol 2,25, pLtcle ©
condggser | €88 i pufil duliinanee dEstribitions with the ' GStrbgtion massuring
' device 20 is carried out in a state in which the wafer W is retracted from
the optical path. The distribution measuring device 20 has a pinhole
member 20a, a condenser lens 20b, and a photodetector 20c, for
example, like a two-dimensional CCD.
ﬁ 15 [0069] The pinhole member 20a is located at the position of the
o imaging plane of the projection optical system PL (i.e., a height where
an exposed surface of 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 20c is located at the rear
20 focal position of the condenser lens 20b. Therefore, a detecting
| surface of the photodetector 20c is located at a position optically
conjugate with the position of aperture stop AS of the projection optibal
.system PL. 1In the distribution measuring device 20, light having
passed t}ﬁough the projection optical system PL travels through a
. " .25 o rpinhole of the pinhole member 20a, is then subj.ect to focusing operation

of the condenser lens 20b, and thereafter reaches the detecting surface
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FP06- 0501-00 of the photodetector 20c. [0070] In this way, a |ight
~intensity distribution corresponding to that at the position of the
aperture stop ASis fornmed on the detecting surface of the phgtpgRSeLon0
20c. Nanely, the distribution neasuring device 5 20 neasures the |ight
intensity distribution formed at the position of the aperture stop AS (a
position optically conjugate with the rear focal plane of the mcro fly's
eye lens 5) by a light beamarriving at the pinhole of the pinhole nenber
20a, i.e., aoftpe¢ phbtodetectoe20cst ri buti on about the pinhole point on the
surface to be illum nated. Consequently, the pupil 10 |um nance

di stri buti on$0@BBLIn shisl way 4 lighbintéasity eistnbution anré¢spending te thattad be
illum nated can be nmeasured by repeatedly carrying out the nmeasurenent
whi | e two- di Hienpiositiin pf the iapgrivhe spys AS infarimeden thienteteeting sutfacei nhol e
menber 20a through two-dimensional novenent of the wafer stage W5 al ong
the pl ane peofdhdiphdtadetestath@0opt Naahelyxithe distriatisfn nheaspriogedevion
optical systemPL. [0071] The illum nance distributjon on the surface to be
i | 1 unPnat ed 28rimeasirgs dke light intensisy shgfributian formed a1 thei pesiten médber i ng
device 25 shown in Fig, 10. The neasurenent of the illum nance

di stribut i onapwture $tep ASI(@rﬁfﬁmoﬁﬁégﬂy icogjuRate stz the reasifesalplane ed out
in a state in_20 whjch e waf er is retracted frgmthe optical path. The
i |1 umi nance OfEh& GRICKY A eve less 53 byra 1&%&38&%1&1‘1@3(%%% ifhole of

phot odi ode 2 phot qdet ectqr for uri ng um nance

di stri buti on rﬂﬁelrﬁﬁ@ Haarde-of nupl @p@%ﬁq% {nu@an abw{réh? PL
(i.e., the surfa e to be Jllumnate The out put_of phot adi gde 25
connect ed t oPHNG i@@&ﬂn’f%ﬂb% 3500 gsallummtﬂl THeoPsaaenante PR ur i ng

d 25
_eVI 6 | Slu%{nan%e d1str1but10ns about a plurality of desired points on the surface

to be illuminated can be measured by repeatedly carrying out the
measurement while two-dimensionally moving the position of the
pinhole of the pinhole member 20a through two-dimensional movement
of the wafer stage WS along the plane perpendicular to the optical axis
15 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
20 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
_imag.ing plane of the projection optical system PL (i.e., the surface to be
| '111um1nated) The output of photod1ode 25a is connected to a signal
- 25  processor 25b.

[0072] The illuminance measuring device 25 is arranged .to
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FP06- 0501-00 successively neasure illum nance distribution data at each of
positions on the imagi ng plane of the projection optical systemPL via the
phot odi ode 25a through two-di nensional novenent of the wafer stERs-0%61-00
al ong the plane perpendicular to the optical axis AX of the 5 projection
optical systemPL. It is also possible to adopt a configuration wherein a
plurality of photodi odes 25a are two- dinensionally arranged and wherein
the illum nance distribution data on the inaging plane of the projection

optical syst enecddssivelymasasued iumiatnce distribwtiohodeta mvearhnof pbsitioaswaf er
stage W5. It is also possible to 10 adopt another configuration wherein a
plurality of ophthedimaing2phnar ef thenpacjectianr apticdl aydtennePEi nid Hhewaf er
stage W5 is one-dinensionally noved to effect scanning neasurenent of the
i Il um nance phetadibdei2fa thtatgh dwo-damensighagnenecntf of the wafirestagen
optical systemPL. [0073] In the adjustnment nmethod of the present

enbodi nent, W8 along the plane iperpendeularninethehephienl exdin AKX tol thepi |

| um nance distributions  about the plural points on the surface to be

i | | unPnat ed prejectien joptieal nsysterdi BLr i bdti @ alsot possiblé ate adopt a

i Ilum nated, which were obtained by the cal cul ati on based on the design
data or by teenfigemtionenwhereisi iy phwalitvi o€s photediades, 258 arero&wouni f or m
to a 20 desired extent (S 12). Wien_ it is determned in the_ determnation
step S 12 tfunenyiopallyarmngedrandwherginithe iluminercadistibwion data omd t he
i1l um nance &{ stribution is npt so uniformtaq the desired extent lé;i n the
case of NO iHehRagingplags ofithe proisstionoeriiea] systemdlefs measuesd ald@si gni ng

correction filters, On the other nd, en it js defermned 25 in the
det er mi nat i oPNES eFitBOWD momameral @1@ W%leﬁﬁﬁgle Wfﬁn nltiriééﬂSQiPQﬁﬂib {9 ons and

the ibl um nag(fgptdér?cgtﬁieP %E)In 1%u?£t?onalw esréinugiglﬁlr'a 1‘[%/001I Bﬁotoﬁ?c?des 25a are
linearly arranged and wherein the wafer stage WS is one-dimensionally
moved to effect scanning measurement of the illuminance distribution

data on the imaging plane of the projection optical system PL.
[0073] In the adjustment method of the present embodiment, the next
15 | step 1s to determine whether each of the pupil luminance distributions
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
20 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
25 | in the determination step S12 that both “of the pupil luminance

- distributions and the iltuminance distribution are almost uniform to the
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FPO6- 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
filters. [0074] The design step S13 is to determ ne (or cal culEpRE-0508-00
required transmttance distributions to be given to the respective
adjustnent 5 filnms, in order to independently adjust each of the pupil

| um nance distributions about the plural points on the surface to be
illumnated and adjust the illum nance distribution on the surface to be

i 'l uni nat ed, defiredextss §iny thescadehof YIS I dlfic thewing)i thd floiwnproceeds to
distributions and the illum nance distribution can be alnost uniformto

t he desired asten$l5 ¥ depermninivgidoy dehbe pattetysrofahd quosictiomnSliters. t he
correction filters to be used are prefigured with reference to the

i nf ormati on HM®IA] The drspin stdpuBilBaisce determibe(oocalcabate) ke irbfuiredance
distribution calculated or neasured, and the transmttance distributions
to be given trensmettamess phstribudionsr teedid @ivén | toetlse aespetdiver midpestatont

adj usting each of the 15 pupil |um nance distributions at respective points
on thé surf atiémsp ipeorder | tonindapetdentlye rdiystleasht ofirthe opupil Whinhimance

mai ntai ning or adjusting the illumnance distribution on the surface to be
i || uni nat ed dtshbbuhgn&ag@@& theyplural peintoorshe shefageto betidlyminatesd aad cul at e
the pupil lum nance djstributiaons 20 about plural points _on the surface to
be i |l umi nat @jushihe Aduminangendisgabutivst on ghe isyifase tonbe slipmisatads 1be

illumnated, in a state jn ich the plurality of correction fiJters with
the transni t ReGRSEAR, SIo ithalt }ggﬂs ofgBice PHpHe OMNAKE dmlbﬁtlgﬂ&pars{lﬁh%re

| ocated at their, respective .prefigured positigns, i.e., in a ,nounted state
of the corre’? Urpinance Qs 1buiqns £an. beslmast Ay Wnttﬁeﬁlﬁ desired exgent.

cal cphati on ol ep S IS o cploulqte the BUR It iangs O stpi butons and

are prefigured with reference to the information about the pupil
luminance distributions and the illuminance distribution calculated or
measured, and the transmittance distributions to be given to the
respective correction filters are determined for adjusting each of the
15 pupil luminance distributions at respective points on the surface to be
illuminated to being almost uniform, while maintaining or adjusting the
ilfuminance distribution on the surface to be illuminated to being almost

uniform.
- [0075] The next step is to calculate the pupil luminance distributions
20 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 SI3 are located at their respective
prefigured positions, i.e., in a mounted state of the correction filters

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

_"the pupil luminance distributions and the illuminance distribution with
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FP0O6- 0501-00 reference to the information about the transmttance
di stributions and positions of the respective correction filters in
addition to the aforenentioned design data infornation. [0076]FFd&03€45L00

step is to determ ne whether each of the pupil 5 lum nance distributions
about plural points on the surface to be illumnated and the illum nance
distribution on the surface to be illum nated, which were calculated in

‘the distribution calculation step S14, is alnost uniformto the desired
extent (S12) refdbencd to ithe idésrenatione dibont tthe tdedsmitianeti dntr$bwordl andhat at

| east one of the pupil 10 [um nance distributions and the illum nance

di stributionpositiets saf thei frospedtivet heordedtioredfittetenin (additiom dasehef NO in
the drawing), the flow proceeds again to the step S 13 of designing

- correction faferement@medt design data infornatiben it is determined in the
determ nation step S 12 that both of the pupil |um nance distributions and
the illunm naf@@7G5Thesnekbustepnisarte aletersnineniwhether ccadhe afedhe egupitt ent
(in the case of ' YES in the drawing), the flow proceeds to the step S 15 of
det er & ni ng {wminmice desisibupionse aboudf plural qeointsctdrorthei Isustase [tooge] For
exanple, after repetitive trial-and-error_execution of the design step S13
“and the di st t{yninaad cand uthe 1Hamingpcs 1distibetion con e pustassd4ot bet he
pattern determ nation step S15 to determ ne_the dense patterns of

| i ght - bl ocki # mm@e%m@br\yemoﬁalﬁaiatcg} ingthendistabutior calewlgHoni tteRnce

distributiong_ (transmttance_distributigons tp be given_to th respective
correction fgllger@)agﬂpituluélﬂ@m kot Fﬁﬁed ast sq&;gnts;(g.lﬁhe@p ktl8p is to
manuf acture the plurality of correction filters havjng the d 25 dense
patterns det é?ﬁ?rfgwﬂf A the qetemmanation: deR; fa&it aly S%oms,ofgﬁ@ %pl‘f |

i ncorporate §he. manufactuyed correction .filt.ers at .t he respectiv -40
58 fumlnance ?hstrl utions ang the Iilummance dlstr(fbutlo 1s not so

uniform to the desired extent (in the case of NO in the drawing), the
flow proceeds again to the 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
15 - distribution are almost uniform to the desired 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
20 proceeds to the pattern determination step S15 to determine the dense
| - patterns of lighf-bldcking dots necessary for realizing the required
.t_ransmittance distributions (transmittance distributions to be given to the
réspective correction filters) calculated in the design step S13. The last
‘step is to manufacture the plurality of correction filters having the dot
25 L _dense patterns deteﬁnined in the pattern'determination step S15, and to

‘incorporate the manufactured correction filters at the respective
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FPO6- 0501-00 predeterm ned positions in the optical system (S 16). As
descri bed above, the pattern determ nation step S15 and the manufacturi ng-
nmounting step S16 constitute an adjustment step of form ng and REH@ERDAO1-00
each of the plurality of adjustment films with the required transmttance 5
di stributions. The adjustnent nethod of the present enbodi nent is

conpleted in this manner. [0078] The next nodification exanple of the
present enbodinent will illustrate an adjustnent nethod capable of readily

and accur at epsedeterneinednpogitions ireqher eptitalasgsteni 4846).di sty idestiibed to be

given to the 10 respective correction filters, instead of the

trial - and- er aboveretheo dattéirg. detetminadonh! swphSrltS andeth¢ | nanyacthnngng st eps

in the adjustnent nethod according to the nodification exanple of the

present. enbodiumtimg, step S ktheomstitutt amatljusttiend stefp ofi ormidigf Arehplawmgxanpl e

shown in Fig. 11, just as in the adjustnent nmethod shown in Fig. 8, the

first step i eaq}noﬁﬂleaph;mah’gf ohedpspinent fikinsawmith the sequived iteansmittence a

plurality of points on the surface to be illum nated and the illum nance

di strPbut i ondistribwiéonss ur The eadjustpeent mathodt el thsprpsergpembodiment, is t he

di stribution acquisition step S21 is to calculate the pupil |um nance

di stri buti oneompigied 1@mnsanam¢mts on the surface to be illum nated and the
the surface tQ be illum nated, based on the

i I 'um nance é% %hstrl buti on

desi gn data hEhg pey ificatiop: ¢xamplepphiha present pmbodimesttidil] vel v,
t he aforerren]HSoned devi ges 20 and 25 are used to ne su;@é{ he pupi |

| umi nance diSksiBtR jBhoadpgimen gethogoicapablsn ofhee t%ﬁ%‘éﬁt@ly

i1l um nat ed nd the il um nanc di strLbutloa nbthe surface to be
illum nated, %ﬁnaaeg £ T&EBHC tﬁ@nﬂ&!ﬁﬁr@&t e @@m:’”t,o e0617‘@][1 'thEhEhext

st eDIOj ust a}rsésf)é]ctweecgnJectlog]ﬂ%erge itng‘?eda of) the tlrlnalfa{nd—error metllxod Fig.
11 is a flowchart schematically showing steps in the adjustment method
according to the modification example of the present embodiment. In
the adjustment method of the modification example shown in Fig. 11,
. just as in the adjustment method shown in Fig. 8, the first step is to
15 ~ acquire the pupil luminance distributions 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
ébout plural points on the surface to be illuminated and the illuminance
20 distribution on the surface 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

25 . 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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FP0O6- 0501-00 is to determ ne whether each of the pupil |um nance

di stributions about plural points on the surface to be illum nated and the
illum nance distribution on the surface to be illum nated, whigpO®&TF)1-00
obtained by the calculation based on the design data or by the nmeasurenent
with the 5 devices 20 and 25, is alnost uniformto a desired extent (S22).
Wien it is determned in the determ nation step S22 that at |east one of
the pupil lum nance distributions and the illum nance distribution is not
so uniform tiote detetasneesthettice vack iof ﬂhbgnqﬁ'ls turaind¥el distrittutivravatng)t, the
fl ow proceeds to an approxi mation step S23 of the pupil [um nance 10

di stributi onplu@h poimtotdrerthhasukfashean bt ilkuraatedi med the ilheminance
determ nation step S22 that both of the pupil |umnance distributions and
the illum nadigribution dutheosurface @ boslummdted which merdebtaindd dytthet  (in
the case of YES in the drawing), the flow proceeds to a step S27 of

det erm ni ng ealcudatice hased comshofdesign data ectbypthé imeaswement [WiBoheThe

approxi mation step S23 of the pupil |um nance distributions is to
appr 0¥ mat e @g¥icesf2G pad giipiis almeshuntforni ket a idesiredrextemio(f22)r esWheni ve
points on the surface to he illum nated, acquired in the distribution

acqui si tion &t Bpdeermingd 4n Fheddeterminaston stopn S athas sit deastuoies iodrthef pupi |
e L
5 02" Pl brnEiR o RSP0 5B chfs Rk S ok e 82 P
eopective phbkt Profesdre to A apBI G S 2 Olotheapuptl raiRaREeed) of

~the projectiqgn optj.cal system PL. ,The. relationship. agqong the image-plane
coorgpnat es W‘gﬂ%?m'coo Bi b3 eQthst bard, when 1t is determined 'm the

determination step S22 that both of the pupil luminance distributions
and the illuminance distribution are almost uniform to the desired extent
(in the case of YES in the drawing), the flow proceeds to a step S27 of
determining dot dense patterns of the correction filters.

15 [0080] The approximation step S23 of the pupil. luminance distributions
.i_s 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.

20 - Specifically, for example, the Zernike polynomials including the

- Zernike cylin’dricai functions Zi(p,0) using the pupil polar coordinates
(p,0) 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

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

among the image-plane coordinates and pupil coordinates of the

4



FP06- 0501-00 projection optical systemPL, i.e., the relationship anong

t he i mage pl ane orthogonal coordinates (y,z), the pupil orthogonal
coordinates (4,rl), the inmage-plane polar coordinates (h,a), gEH4-0s0RUEH !
pol ar coordinates (p,0) are as schematically shown in Fig. 12. Anong the 5
coordinates, h and p are nornalized radii, and a and O radial angles of

pol ar coordinates. [0081] A pupil lum nance distribution I(p,0) is expanded
as in Eq (1) below, using the Zernike cylindrical functions Zi(p,8), for
each poi nt oproﬁbﬂonrm;g@cailmeemf PLhe.epr diesctiavionship asdomy sheinflge- 10

I (p,0) = EG - Zl(p 0) Cl-Z1(p,e) + C2-Z2(p,0) +CnzZn(p,e) (1) [0082] In
this equati oplang orﬁmymahtmwdnfaﬁeml(y,m),s thé puEl rethegonal ecoordinstesf t he
Zerni ke polynonials. Table 1 bel ow presents the functions Z1-Z36 for the
first term t@nhethdiimagesplane petan coordinhteshéh,ods dndhdhe Opllp:ﬂ/S]D@}lal'ZI (p, 0)
in the terns of the Zerni ke polynomi als. [0083] TABLE 1 ZL: Z2: pcose
z3: p sin 0 courding®s i(p,Pparepas sshematigally shuwn ia Fig. (3 pAmm)g gheos 0

Z8: (3 p 2-2) psin 8 279 6p4-6p2+1 -43 FPO6-0501- 00
coordinates, h and p are normalized radii, and a and 9 radial angles of

~ polar coordinates. .
[0081] A pupil luminance distribution I(p,) is expanded as in Eq (1)
below, using the Zernike cylindrical functions Zi(p,0), for each point on
the image plane of the projection optical system PL.
10 _ I(p,0) = £Ci-Zi(p,9) |
| | = 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 Zernike polynomials. Table 1 below presents the
functions Z1-Z36 for the first term to the thirty sixth term, out of the
15 function system Zi(p,0) in the terms of the Zernike polynomiais.
' [0083] TABLE 1 |

Z1: 1

L2 .pcosﬂ
Z3: psind
Z4: 2p'—1
YATH p2c0829
Z6: pzsin26

Z7: (3p°—2) pcosB
78: (8p"—2) psing
Z9: 6p'—6p°t+1
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Z10: p 3co0s3 0 Z11: p 3sin3 A Z12: (4 p 2-3) p 2cos2 A Z13: (4 p 2-3) p
2sin2 A Z14: (10p'-12p2+3) pcosO Z15: (10p'-12p2+3) psin0 Z16:
20p6- 30p' +12p2-1 Z17: p'cos4 A Z18: p'sind A Z19: (5 p 2-4) p BROSIN1-00
Z20: (5 p 2-4) p 3sin3 A Z21: (15 p'-20 p 2+6) p 2cos2 A Z22:
(15p' -20p"' +6) p Zsin2 A Z23: (35 p 6-60 p4+30 p 2-4) p cos A Z24: (35 p
6-60 p'+30 p'-4) p sin A Z25: 70p8-140p6+90p4-20p2+1 Z26: p 5cos5 A Z27:
p 5sin5 A Z28: (6 p 2-5) p 4cos4 A Z29: (6 p'-5) pdsind A Z30: (21 p 4-30
p.-2+ 10) p 3cos3 A, Z@ﬂ@;(%ﬁg{l,sg@pZHO) p3si n30 Z32: (56 p 6-104 p'+60 p
2-10) p 2cos2 A Z33: (56 p'- 104 p'+60 p 2-10) p 2sin2 A -44 FPO6-0501-00
Z34: (126p'-280p' +21G7pg 4- %035913255) p cos 0 Z35: (126p'-280p6+210p4-60p2+5)
psi n0

7Z12: (40°—3) p’cos2 8

Z13: (4p°—3) p’sin26

Z14: (10p*—12p°+3) pcosf
" Z15: (100'—12p7+3) psind

Z16: 20p°—30p°+12p°—1

Z17: p4cos4_9

Z18: p’sind 6

719: (5p7—4) p cos3 0

Z20: (5p"—4) p’sin3 6

Z21: (15p"—20p"+6) p’cos2 0
722: (15p'—20p°+86) p’sin2 6
Z23: (35p°—60p‘+30p°—4) pcos §
- Z24: (35p°—60p"+30p"—4) psinf

Z25: 70p"'—140p°+90p*—200%+1
Z726: pﬁcos59 |

"Z27:  p°sinb B

7Z28: (6 p°—5) p'cos4 6

729: (6p7—5) psind 8

Z30: (21p'—30p°+10) p cos3 0

Z31: (21p*—300°+10) p’sin3 6

Z32: (560°—104p°+60p°—10) p’cos2 0
| 233: (56°—1040"'+600°—10) p’sin2 6
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Z36: 252p '0-630 p 8+560 p 6-210 p'+30 p 2-1 [0084] Therefore, the
approximation step S23 is to performthe fitting by the Zernike

pol ynom al s for each of the pupil |um nance distributions 5 olppiaedoaboyt
plural points on the surface to be illum nated (the inage plane of the
projection optical systemPL) and thereby to calculate the Zernike
coefficients G of the respective terns for each of points. Concerning the

fitting technique of the pupil Ilum nance di st ”bet iops _ (pupil
transnittance distrib8#4on§}26y thd82er n-RdOpol ykéhw at-S) Acos@f erence is
made to the aforenentioned Interhational Publigation, W02/ 031570 and
Japanese Patent Appli%39t ohl28iod—cB8A Mot 22002 — 606010 5)[098%] I n the

adj ustment nethod of the presenf nodifi,cation Eiexarrgl g _the, next step is to
eval uate the pupil | uBhandeZdi st1@¥Hvi oneb@iwout 218% redPertive points by a
pupi | lum nance distribution polynom al as a function of the inage-plane
pol ar coordinates (h,a) and the pupil polar coordinates (p,0), based on
the coefficients C_of the respective ternms in_the Zerni ke pol ynom al s
acquired in {0@84jpphesefete.cthg apmpxsratipsstyp S2Xpisctd penfioryy theh&iteugl uat i on
step S24 is to set the pupil lunm nance 20 distribution polynom al, that
expresses t hBypgheidernike pelyseminkst forwachefghe puput lunsingsee digribufions as a
functi_on of the . inmage-plape polar coordinates (h,a) and the pupil polar
coor dPnat es PBF?@?QE @gﬁb}'ép TRy POHYS Oﬂeﬁﬁi stase tonbe wmnat@ai(maaage

di stribution polynomal, reference is nade_to the specificatipns and

dr awi ngs of . pﬁ%&&n@’ggwwﬁ@tl%mtm system . pand Thesbyoe caa_lauﬁﬁ@qsﬁ% No.
2003- 257812 and apane&e.Pat e@t Aﬁfﬂll cation.No. 2004-149698. [00865] The
foregoi ng ApfEFRUKE| BASIIES| b Phdhs etasprgtive teHmanEy sprlnof points.

Concerning the fitting technique of the pupil luminance distributions
(pupil transmittance distributions) by the Zernike polynomials,
10 reference is made to the aforementioned International Publication
WO02/031570 and Japanese Patent Application Laid-Open No. 2004-

126010.
[0085] In the adjustment method of the present modification example,
“the next step is to evalﬁate the pupil luminance distributions about
15 respective points by a pupil luminance distribution polynomial as a
| ﬁmction'of the image-plane polar coordinates (h,o) 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 (524).
Spéciﬁcéﬂy, the evaluation Step S24 is to set the pupil luminance
20  distribution polynomial that expresses the pupil luminance distributions
about respective points as a function of the image-plane polar
~ coordinates (h,0) and the pupil polar coordinates (p,8). Concerning the.
-setting of the pupil .luminance distribution ‘polynomial, reference is -

" made to the specifications and drawings of Japanese Patent Application
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pol ynom al that expresses the wavefront aberration of the projection 5
optical systemas a function of the inage-plane polar coordinates (h,a)
and the pupil polar coordinates (p,0), and it is apparent that FP@0501L00

| um nance distribution polynomal can be set by a simlar technique. In
this manner, the evaluation step S24 is arranged to determ ne the
coefficients of the respective terns in the pupil |um nance distribution 10

pol ynom al , based on the Zerni ke coefficients G of the respective terns
in the Zerni HeaigdDpemwniNal s2GR%2578d2i andhdapgnmse x Patent oApgplieptiof2Na.  and
thus to express and evaluate the pupil |um nance distributions about
respective p@i0PdsI4969he pupi!| |uninance distribution polynonmial. [0087]
Specifically, as disclosed in the foregoing Applications and 15 others,

attention is[Pe8akdde fosegeingrppplications deseritke thausettingrofzin aberratiopeci fi c
term and a coefficient of the specific termin the pupil [|um nance
di stri but i on DebyRewialathat expeessesi thed wavefrantaahsreatiany afhthe peejectioguar e
nmet hod, based on an in-inage-plane distribution of corresponding Zernike
coef f Pci ent s Ogtlceﬁsmtgm ppatfunetion ebthe opgerplamg pobaragoardupases %h,@z)
Dot het specAPACEchUR F101e% COBElinAER AR branthd ot MEpareer Ahat et Reblbupi |
by t he | east ARSI RRU I BRGERIYBATIAL <A Darsel byl Arom|at KBBAh of |
Gval uatton SfRAREREATEES 2 ENANAOR b Sainigrenaed o Fer BT dhe o
s pupi | i SERPBIRPU S e HSDRRLPRagHmS  Bribe an STl FUBRBIFofLgapuRon
ool yAfim a1 s PRDIShab sy Rorb Ml 2erRe RRricicti 7 a7 &of reetit edRme ne
in the Zernike polynomials acquired in the approximation step (S23),
and thus to express and evaluate the pupil luminance distributions about
respective points by the pupil luminance distribution polynomial. |
[0087] Specifically, as disclosed in the foregoing Applications and
15 others, attention is focused, for example, on a Zernike function Zi of a
| specific term, and a coefficient of the specific term in the pupil
Iuminance 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 of coefficients Ci
20 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.

'257_ - [0088] In this way, the evaluation step S24 results in finally obtaining

 the pupil luminance distribution p_olynomial simultaneously expressing
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I n-i mage-pl ane distribution of pupil lumnance distributions in this way, 5
It becones feasible to analytically deconpose the pupil |um nance
distributions and to calculate an optical adjustnment solution rEFE-08010K) Y
and accurately than by the trial-and-error technique of nunerical

optim zation with a conputer. Nanely, it becones easier to capture
features of the pupil lum nance distribution situation by the 10 pupil

| um nance distribution polynomal and it becones easier to have a
perspective tme aptpupal distribstivantand| 0R8H}-ihageqdate sdispritiRorofofdpspigni ng
correction filters is to determne (or calculate) the required

transmi t t ancéumirancebdistabatipns.be By wsing ahehpupilehpriance distributiemt

films, in order to independently adjust each of the 15 pupil |um nance
di stri but i onpolumiablsimailtapeonsly expressinguthainepuioil klistribution amd ¢be and
adjust the illum nance distribution on the surface to be illumnated, if

necessary, stn-imageidane distributionpif pupihilvaieanceddistribhuginnsomsthan svayhe
i I'lum_nance distribution can be alnost uniformto the desired extent.
Speci fi cal | yit beeomgrt feasitieetn analytically «dacomeppssuthe opupit dumingnee need,

I's to approximate the illum nance distributjon on the surface to be

i 11 uni nat ed, dighilbutions and)uior saleulaten angiopticabadjpstmertqsobitiororimerep S21,
by a Zerni ke polynom al as a function of the |rmage-plane polar coordi nates
(h,a). [0090fMESLY hap ﬁé?u@tﬁﬂ’ané?@t t@hcﬁl%i%’tﬂqﬁﬂ&ﬂ‘@ﬂﬁrt@f«“’g@l@lﬂ@/eﬁfto each

25 correction filter is expressed, for exanpl by a,Zerni ke polynom al of
pol ar coor di AUSEICE] Oaﬂnaﬁgﬁlela|wghrar%@pageranikamb@ dehecameseasigeto - 47

"ol at i on ber SIS EAEREY e Hen PuP TR ICe, istTIDRLion, AP Y 306 ni ke® -
pol ypgm al s Sﬁ(ﬁrl e c:tehgisErri‘gl&]t?& tptofl;pl%oemge{lsatnrdi i? lf)teicgrnrisesogasger}etorheas e ve
perspective on optical adjustment. |
[0089] The next step S25 of designing correction filters is to determine
(or calculate) the required transmiftance distributions to be given to the
respective adjustment films, in order to independently adjust each of the
15 pupil luminance distributions about plural points on the surface 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
20  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 polynomial as a function of the
image-plane polar coordinates (h,a). |
[0090] Furthermore, a transmittance distribution to be given to each
| 25 | correction filter is expressed, for example, by a Zernike polynomial of

polar coordinates on an optical surface as an adjustment film. The
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correction filters and changes in the pupil |um nance distributions about 5
respective points on the surface to be illum nated; and a second table T22
indicating a relation between the coefficients of the respecti VEPos- 95 -H0
t he Zerni ke polynom als expressing the transmttance distributions of the
respective correction filters and changes in the illum nance distribution
on the surface to be illumnated. 10 [0091] In this way, the design step
S25 is to determine the transmttance distributions to be given to the
respective cdolewingnabidst are ,prépa[reddjwﬂrbm@a.bleaTﬂlOi‘ndid:mirl%lmi kelatiohnance
distributions at respective points on the surface to be illumnnated to

bei ng al nost betweenm mtheshidefTicbdms abhi the orespectivest tepmst Ha ithé ufensikee

distribution on the surface to be illumnated to 15 being al nost uniform
based on an @elymiméls expressimg thetiansmitiance distibliions oif the refpectinee t o
the evaluation result about the pupil |um nance distributions acquired in

t he eval uat i earrsctipndPlers(asbchdngesl inythetpupib hinindneei distriterttinstabidudt | on
pol ynom al  sinul taneously expressing the in-pupil distribution and the

i n-i mdge 20 pespestisespeinktvnoheosuags Ito Ihenilhimoemteils end ruseeons) tahlne

i I'lum nance _distribution information approxi mated by the Zernike _

pol ynom al s 122 Hedicetingya rolatienrhaiwecnothe sorllacientsand nthet zerpsctive
distributions of the respectjive correction filters and changes in the

pupi | | uni naf@&s dinst theyudesnike; rpelyaomiplst expressing1 thgndransanigignee| at i on
bet ween 25 transm t.tance. djstributions of the respective correction filters
and changesdISiipHEONs | Qfrithankespasiye i wsurecsion dilters aed cehangss| @ the. - 48

FPO6- 0501- 00.,, [ 0092] The next step is tp cal culate the pupil |um nance
di stri butionélhgfﬁmdcﬁl ﬁ%&lﬁ%ﬂwgﬂaﬁs cetp bgdlumingted. | | umi nated and the

i Il um.nance [.st,ribyt.ion on the surface to be jllumnated, in.a state in
whi chGt he [&5&1] In'this way, Tthe rc]ies1gn step S25 is to determine the transmittance

distributions to be given to the respective correction filters, for adjusting

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

15 being almost uniform, based on an optimization technique by linear
| coupling with reference to the evaluation result about the pupil
~ luminance distributions acquired in the evaluation step S24
(specifically, the pupil Iluminance distribution polynomial
simultaneously expressing the in-pupil distribution and the in-image-

20 ~ plane distribution of pupil luminance disi:ributions), 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 corfelation between

25 ‘transmittance distributions of the respective correction filters and

. changes in the illuminance distribution in the second table T22. -
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plurality of correction filters with the transmttance distributions 5
determned in the design step S25 are |located at their respective
prefigured positions, i.e., in a nounted state of the correcti @p@d-0561s00

(S26). Furthernore, it is determ ned whether each of the pupil |um nance
di stributions about plural points on the surface to be illumnated and the
I 1lum nance distribution on the surface to bé 10 illum nated, which were

calculated in the distribution calculation step S26, is alnost uniformto
the desired 0% The2@¢xt Siepcis tohealcedpterthe papiddsminhtace distributiohst i ons
were readily and accurately determ ned by the optim zation techni que based
on linear coapouhplurahpoids onf thetmirfadeato- benduerinated retdhiet, ilhuimeinance
determ nation step S22 results in determning that 15 both of the pupil

| um nance di distributiopnnen dhd suradd tahendheminated; in bustate iarwhmhrﬂiﬁe
uniformto the desired extent, and the flow proceeds to the step S27 of
det erm ni ng phwality dfneerrpetiorr fidtess whth ther rteansmaittahice t diribiioas] The
pattern determ nation step S27 is to determ ne_the dense 20 patterns of

~ |'i ght bl ocki dgtemn@edmemestgar design stepl iSAhqrentocasedi atedheir r egspettivance

di stributions (fthe transmttance distributions to he given to the -
respective cBIaiEBEEnPOSitioBss).-Coalic @l moadnied stple abdhgrraregiiogpdilterne | ast

step is to acture the pluraljty of correction filters with the_ dot
dense patteméi)ete prhegmoses He Ea@ﬁﬁrﬁl@édeﬂ‘hﬁgﬂ d?@cgté’gf e P to 25
I ncor porate fhe, manuf%gtu_ ed corrgctior‘i filters at their respective

pr edet er mi neBEGNCE o AASIIRUEIRES o gPoRhL Plygal; dpipts ®n  thee SHEEGS: Henbe - 49

[0004] In t HAERERGE oad e T OHEHARAE(LSEPIHA {9 SN SBRRpF® D1 { ne
adj uﬂ)rrent nﬁfurr]gfjriatéciew%?&ll iu?&tei c(:)a cslcl){atécs1 ei‘ntt?l(&:ahcrlllis 'ill()aut?cf)n %%icl{ﬁléltlign step
S26, is almost uniform to the desired extent (8§22). Since the required
transmittance distributions were readily and accurately determined by
the optimization technique based on linear coupling, instead of the trial-
and-error method, the determination step S22 results in determining that
15 both of the pupil luminance distributions and the illuminance
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 Ipattern determination step S27 is to determine the dense
2{) * 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 S25. The
last step is to manufacture the plurality of correction filters with the dot
dense patterns determined in the pattern determination step S27, and to
25 incorporate. the manufactured correction filters at their respective

. predetermined positions in the optical system (S828). The adjustment
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measuring the pupil |lum nance distributions and the illum nance 5
distribution, to the distribution acquisition step S11, S21 is extrenely
useful, for exanple, in correction for manufacturing errors of EPEEIEMSOO
fabricated actually and in correction for tenporal changes of apparatus in
operation. [0095] In each of the enbodi nent and nodification exanples as
10 descri bed above, the plurality of adjustnment surfaces of the adjuster
are not limted to those with the predeterm ned transmttance

di stri buti onsnethodreff theanadifecatiost exampleciscompletedin this wept ent i al
configuration is, for exanple, such that light with a light intensity

di stributi on[A094klerthef atwowe-désaribefd emdiodimtent iagiat micdificaion tesciniyyle
changing the density of rays of an 15 incident |ight beam by use of

di ffracti on of thedidifistaeentvmetipod,cthe appieation of Gheapchmiqeacdf adtualy
above-descri bed enpodi nent and nodification exanples, the projection
optical systamasaninge thie ppilbdvopinence dissiibutions epdi ¢ Hlwnbandescri bed
in International Publication 2004/019128, It is also possible to use the
cat adidopt r i ¢ diftEpubone o Abe ofistriutiary acguisities step &d 1, rS2 his ertrensiyl
Publication 2004/ 1Q7011, ]nternational Publication 2005/59617, and U.S.
Publ i shed AppFeidds Igrexamaplez aosonectippafor manyfachadng ertas eftanpaspusi c

proj ection optical _syst described |n the foregqing International

Publ i cati on ?%Mtéd@fﬁl#ﬁg;an 18 cougeptighéer mpsppetadichengss of Zppsrang 7224

I nclude 25 one or npre path folding mrrors, and if the path folding mrror
causes the BUBPPTAH: nance distribution on the wafer Was a surface to be

-50 FP0O6-0501- il lum nated to have an inclined.distribution, one or
more of the EQ@?%]I 11% yeast afgjeg]é? OdifneRt ea fnp%ég%}%t%amﬂleéa@ﬁ of the
¢ . . i . , | . i h

org?bng eanéjclrl ed a g\(fje,r}?lglpl{l%a }tlyoo aec)ﬁ%s mgr?t sm51 a(?e% gf 81\Q g(%%s’ge\:nrtarea

not limited to those with the predetermined transmittance distributions

or reflectance distributions, but another potential configuration is, for

example, such that light with a light intensity distribution different from

that of incident light is outputted by changing the density of rays of an

15 * incident light beam by use of diffraction of a diffractive optical element.

[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

20 " - 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 ihclude

.25 | ' - 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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conponent for conpensating for the inclined distribution of the pupil 5

| um nance distribution. [0097] The exposure apparatus of the foregoing
enbodi nent can be wused to manufacture m crodevices (sem condugys-dsyi OHF .
i mge pickup devices, liquid-crystal display devices, thin-filmnmagnetic
heads, etc.) by illumnating a mask (reticle) by the illum nation optical
10 apparatus (illum nation step) and projecting a pattern to be
transferred, forned on the nask, onto a photosensitive substrate with the

proj ection fhimosdtedytot leave( ax adined disaidutidn eneophorebofahé Ednlmliqye of
formng a predetermned circuit pattern on a wafer or the like as a
phot osensi ti of admisthent esusfadest nd ehpoadjustappar atach of tthe forpedogng
embodi nent to 15 obtain sem conductor devices as mcrodevices wll be
descri bed betmbodmneht r&idrmodeficatiotheetdmpbdsamhapf b&i provided[ &d€8]a The
first step 301 in Fig. 13 is to deposit a netal filmon each wafer in one
| ot . The nexecompepesDLor sompemspling fopHbeonetined distributhen offgthal ptipil m on
each wafer in the lot. The subsequent step 303 is to 20 sequentially
transfer an lumigense distpidutionn on the mask into each shot area on each
wafer in the | ot through the projection optical syste usi ng the exposure
“appar at us of [009¢/]f Bhe gxpeguesisppamins . offtke foragningeembedipenngansbe o
per form devel opment of the photoresist, on each wafer in the |Iot and the
subsequent s#s§§l 305 manylgchuer snigredevicey Emicoadbptonatdeviqes, t hBage!t |
using the resist pattern_as.,a mask, and thereby to forma circuit, pattern
cor r espondi dg}Cﬁ’Bpt 1GR% ﬂlﬂpﬁ@mtabdwg%{ dewicesgthigdde oxgnetie hegdlsh shot
area on each fer. ,Subsequent steps include formati,on of circuit patterns
in upper |aydfsd, %é{ndﬁapﬁea ngy ﬁerw} ﬁﬁmﬂg}tﬁyi % aorisaton, optical
seniﬁynductor devi ces,, The above- eseiibed .
apparatus (?Ilummatlon step) and projecting a pattern to be transferred,
formed on the mask, onto a photosensitive substrate with the projection
optical system (exposure step). An example of a technique of forming
a predetermined circuit pattém on a wafer or the like as a photosensitive
substrate with the exposure apparatus of the foregoing embodiment to
15~ obtain semiconductor 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
20 “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
25 | on each wafer in the lot, using the resist pattern as a mask, and thereby

to form a circuit pattern corresponding to the pattern on the mask, in
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sem conduct or device manufacture nmethod permits us to obtain 5

sem conduct or devices with extrenely fine circuit patterns at high

t hroughput. [0099] The exposure apparatus of the foregoi ng enb@PyRE0%a00
al so be used to manufacture a liquid-crystal display device as a
~mcrodevice by formng predetermined patterns (circuit pattern, electrode
pattern, 10 etc.) on plates (glass substrates). An exanple of a technique
inthis case will be described with reference to the flowhart of Fig. 14.
In Fig. 14, eaclpahoeares onrdach waégr. 4Bubsequeneseputiachideofaratdtash of
photol i thography step to transfer a pattern of a mask onto a

phot osensi t i vecsiibpafterns iyl eszers pdrs atandc edbers, whetelsy rmaisfactuning he
like) 15 with the exposure apparatus of the foregoing enbodinment. This
phot ol i t hogr dgvigest epchesasl t sermiconoluciory dérdcps.edetheri abdvealteseribed

i ncluding a nunber of electrodes and others on the photosensitive
substrate. Tsemiondacion hdevdgposthufabire amectheods eradtsedus otceachtapd st eps
such as devel oppent, etching, and resist renoval, whereby a 20 ] -

pr eded er mi nesempigongiugtors dewigasd with terdresnblt rfine . cimhit qedttesns athdiglpr ocess
shifts to the next color filter formng step 402. [0100] The next col or
filter forni#Wg§o8gBPUL02 is to forma color filter in which a nunber of
sets of thre s _corresponding to R (Red), G (Geen),.and B (Blue) are
arrayed in a[e(}@%hﬂzh%mme appmt%p%wﬁgeﬁ%egﬂmg@mhpé@n@m caR als9ters of
R, ( and B are arrayed as.a plurality of lines alqgng the haorizontal scan
ine directdused iém%%ﬁaparﬁcﬁqﬁaﬂlc{v—ﬁ@%h ¢isplay gevice.asa pRgEdRIBEE 00

formng step 402, a cell .assenbling step 403 is carried out. The cell
assenbl i ng S foming Predeismuned aétqmgmcacwygaﬁﬁmpa FIPLE RATETEY yst al

cel li{) usi "%ete3Con upqg%ega(tg«iagg S0 sEtPaeceg)r.Edﬁ}leégrggfle B3l fad ?c%g iine isis N the

case will be described with reference to the flowchart of Fig. 14. In
Fig. 14, a pattern forming step 401 is to execute a so-called
photolithography step to transfer a pattern of a mask onto a
photosensitive substrate (glass substrate coated with a resist, or the like).

15 - with the exposure apparatus of the foregoing embodiment. 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 developrhent, etching, and resist removal, whereby a

20 | 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

25 - - three stripe filters of R, G, and B are arrayed aé a plurality of lines along

the horizontal scan line direction. After completion of the color filter
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pattern forming step 401, the color filter obtained in the color filter 5
formng step 402, and so on. [0101] In the cell assenbling step 403, for

exanple, a liquid crystal is poured into between the substrat gpgdnsoreoo
predeterm ned pattern obtained in the pattern formng step 401 and the
color filter obtained in the color filter form ng step 402, to manufacture
a liquid crystal panel 10 (liquid crystal cell). The subsequent nobdul e
assenbling step 404 is to install each of conponents such as an electric
circuit, a bamkhirghsteped2, afoeil aisepilsiingpesad08risfartibd @sserhedelli qui d
crystal panel (liquid crystal «cell) to conplete the liquid-crystal display
devi ce. The assenebliniestap #68 iswo fasdemblerariquidtenyitag pahel (figuidderysiedt al

di spl ay device 15 permits us to obtain the liquid-crystal display device
with an extr eel),yusifg tlee sibstmite witht therpradetergtined pattghpobtainddalthen t he
foregoi ng enbodi nent the exposure |ight was the KrF exciner |aser |ight
(wavel engt h: padermiprming IstepAdo lexthe neolor afiler lobtgined (imathd eodprh filttd3 rim,
but, without having to be linmted to this, the 20 present invention can

al so Be appl femning step 402hend spmiopri ate laser light sources, e.g., an F2

| aser |ight source for sgfpl ying laser light of the wavelength of 157 nm
Fur t her nor e, {4 HH Jabvthareell iashem &tﬁmﬂ’ﬁ%, fos sxanpld, aHeqwidesystaliinvent i on

with the exanpl e of the exposure apparatus _provided with the illum nation
optical appaPaties Bt batwiesnothepgihsirate t with tthe predaterminedematisincan be
U7 ace 1o babtal FPihe DR IRIEPAAL N e SolaTofltohebiABR tand
Fechni que. of U1 $0I0Rg eI SERNESIOp A2 POt maBH TRt JRebe) G
10 | (liquid crystal cell). The subsequent module assembling step 404 is to
~ install each of components such as an electric circuit, a backlight, etc.
for display operation of the assembled liquid crystal panel (liquid crystal -
cell) to complete the liquid;crystal display device. The above-
~described method of manufacturing the liquid-crystal display device
15 permits us to obtain the 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
20 - 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
s _'25_ . apparent that the present invention can be applied to the ordinary

~ illumination - optical apparatus for illuminating ‘a surface to be
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system and the photosensitive substrate with a nedium having the 5-
refractive index of nore than 1.1 (typically, aliquid), i.e., the
so-called liquid imersion nethod. In this case, the techni quEmfs-D5bkigm
the optical path between-the projection optical systemand the
phot osensitive substrate with the liquid can be one selected fromthe
nmet hod of locally filling the space with the liquid as disclosed in 10
I nternational Publication W299/49504, the nmethod of noving a stage hol ding
a subst r at e Alimmatehasmdpo bpettic, masksoand quiférshat h as di scl osed in
Japanese Patent Application Laid-Open No. 6-124873, the nethod of formng
a liquid bat 103 ]almpitke eforegdingd eddpidinmemt 2 its iegdsansodsibldi twg alopsubst r at e
in the liquid bath as disclosed in Japanese Patent Application 15
Lai d- Open Notechoigesofafillang the optichDiadh Wtedenqthel prejqntiine ogitical one
that is transparent to the exposure |light, that has the refractive index
as high as pejséeml endathe phatosensitivblsabstrgte veith t hempdijmchavimgothé cal
system and t he photoresist applied on the surface of the substrate; for
exampbe, wheledrachiverxindesxafi mere itharrd .1 i(gipicaly, @ lighed)ai k. cthei seecalle er
light is used as the exposure light, the liquid can be pure_ water,
dei oni zed wali@id gnrassiin methedoHToHhos @ise] ¢he techuiguenef (fdimgsihe wat er
with H, Cs', K+, -, S042 or PO42 , water mxed with fine particles of
al umi num oxi @dical; spathophefayeee thge Praigstion  epticak Isyriem thee
exposure light is 25.the F2 |aser, light, the liquid can_be a fluorine-based
liquid, for ppensitive uipstiate with ithe liquidosarp der poerselgsdeq dremr theprpE)
capabl e of 54 _FP06-0501-00 . trangmtting the F2 |aser |ight. Desgcription
of Referencdl of q%ib%]ﬁlimgi aﬁ SPat? C‘é’lt% the liquid as disclosed in
10 International Publication W(099/49504, the method of moving a stage
holding a substrate as an exposed object, in a liquid bath as disclosed in
Japanese Patent Application Laid-Open No. 6-124873, the method of
forming a liquid bath ina predetermined depth on a stage and holding a
substrate in the liquid bath as disclosed in Japanese Patent Application
15 ‘Laid-Open No. 10-303114, and so on.
[0104] The liquid is preferably one 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 KrF excimer laser light
B 20 ~ 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,
CI', SO, or PO,*, water mixed with fine particles of aluminum oxide,
| isopropanol, hexane, decane, or the like. Where the exposure light is
25 theF, lase_r light, the liquid can be a fluorine-based liquid, for example,

; such as fluorine oil or perfluoro polyether (PFPE) capable of

-54-



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 correction
filters 10 10 imaging optical system 20 distribution neasuri ngpEy.0s61-65
il lum nance neasuring device M mask MS nask stage 15 PL projection optical
system Wwafer W5 wafer stage -55 FP06-0501-00 CLAIMS 1. An illum nation
optical apparatus for illumnating a surface to be illumnated, with a

i ght beam froma |ight source, the illum nation optical apparatus

conpri sing: frapsmittingi tier Fplaseolighor mi ng nmeans for formng a pupil

| um nance distribution with a predeterm ned | um nance distribution on an
i1 'um nat i onDespriptiomo€ Referersce Syhinbsiler for independently adjusting each
of pupil lum nance distributions about respective points on the surface to
be illum nat §it05]o1 dightsonreehe adj uster has a plurality of adjustnent
surfaces each of which is disposed in an optical path between the pupil

di stribution forn3sgifnacing epticalederment ace to be illuminated, and

5 4 zoom lens
5 micro fly's eye lens (fly's eye lens)
6 condenser optical system
7 mask blind
8, 8a, 9, 9a correction filters
10 10 imaging optical system
20 distribution measuring device
25 illuminance measuring device
M mask |
| MS mask stage
15 PL projection optical system -
| W wafer
.WS wafer stage



wherein each of the adjustnent surfaces outputs light with a 1ight
intensity distribution different froma light intensity distribution of 15
incident light. 2. An illum nation optical apparatus accordi ng FR®e=H80MmM 0
wherein, where a first light beamis defined as a |ight beamarriving at a

first point on the surface to be illumnated and where a second |ight beam
Is defined as a light beamarriving at a second point different from20 the
first point on the surface to be illum nated, a change of light intensity

di stribution inposed by passage of tQLAIMSS |ight beamthrough the
plurality of adjustnent surfaces is different froma change of |ight
intensity distribuliodn nponethtinn pptsalgeppdratiseforatiomtinktippta beeface t hr ough
the plurality of adjustnment surfaces. 25 3. An illumnation optical

appar at us actobeillgminated awithia bghtbeamhfroni a lighé spureeal i ty of adj ust ment
surfaces are |located at respective -56 FP06-0501-00 positions different
from each ot her albegllamioptipsaiptieel spparages compofsingte i1l umi nation opti cal
apparatus. 4. An illum patjion optical apparatus_according to any one of
claind 1 to 3, whep@pihdegtihutipntiosmaag mseamnforsformiogs pupildunsnance |
predeterm ned, transmttance distribution or reflectance distribution. 5. An
i 11 uni nat i ondisBiPwzen apyth aguPredetermined ndempeances ydistidleution, g an
iTlumnated, wWth a |ight beamfrqoqma light source, the illum nation
optical appatm@agionsunil plgnepandl distribution form ng means for forning

G St 11 but i on o arf ASHIRE BASPRSIanth alecUaBEeRH GdpuBH dpance
| ndependent lalistar%u%%xilsnegoo%%(i"gs;?gcﬁ%%p}i)ginltsugl e surface to be illuminated;

10 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 surface to be illuminated, and

Wheréin each of the adjustment surfaces outputs light with a
light intensity distribution different from a light intensity distribution of

15 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

'_ 20 - .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. |

25 _. o 3. An iIluminatiqn-opticaI apparatus according to claim 1 or 2,

 wherein the plurality of adjustment surfaces are located at respective
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di stributions about respective points on the surface to be illum nated;
wherein the adjuster has a plurality of adjustnent surfaces each 15 of
which is disposed in an optical path between the pupil distrib@EPFRO501-00
form ng neans and the surface to be illumnated and has a predeterm ned
transm ttance distribution or reflectance distribution, and wherein the
plurality of adjustnent surfaces are |ocated at respective positions
different fromeach other along an optical-axis 20 direction of the

i | 1 uni nat i onpopiticraldiffiepentafiros. edich dtherrlalomg natdptivadakicdircatipa odthes
according to claim4 or 5, wherein the adjuster conprises a first

adj ust nent sulimtmatteavopgcal dppasatust r ansmi ttance distribution or first
reflectance distribution of transmttances or reflectances different
accordi ng to inci déncApobiuminaison 2ptmall appeeatusdicadidisgmenanyg wrieaof havi ng
a second transnittance distribution or second reflectance distribution
subst ant i al | glaims7 IFAP6-D50thaein ceagll enf nther djestitent f suefaces ahasriat ance
distribution or_the first reflectance distribution. 7. An illum nation
optical appapedetemeiveddransmistapcaidisteibutinmeoratoflectancei distritidjars t ment
surface is located_ on the light source side 5 with respect to a conjugate
pl ane optical |y copj udtt dluminatioieoptieahapparstusefar) illuminatisg, 2 awdaomer ei n

t he second adj ustpent surface i ocated_on the surface-to-be-illum nated
side with r e@pﬁ%ﬂlﬁ@%ﬂ@dcﬁﬁ%&gﬁggt Eﬂ%\ﬁﬂeﬁom ail@%i BPYAfCnat i on opti cal
apparatus accordin t'ﬁ claim7, _V\:hﬁl’éi n a di stance between the first

adj ust ment sur f acegA4UTHBa9D Opéicay gaParaIKFRMPEISKEist anti al |y equal to a
di stance between the z cond .adj ust nent surffce and the COﬁjIU ate plane. 9.

An illumination opf¥Ri I%EEQPQPLE’%@&IB?W o fargipg 2 pupil uiminance

10 distribution with a predetermined luminance distribution on an
" illumination pupil plane; and
| an adjuster for independently adjusfing each of pupil luminance
distributions about respective points on the surface to be illuminated;
wherein the adjuster has a plurality of adjustment surfaces each
15 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
- 20 - direction of the illumination optical apparatus.
| 6. 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
: transmiftances or reflectances different according to incidence positions;
25 and a second adjustment surface having a second transmittance

- distribution  or second reflectance distribution substantially "
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wherein a first distance between the first adjustnment surface and the
conjugate plane is substantially different froma second di stance 15

bet ween the second adj ustnent surface and the conjugate plane. HE6-8801-00
illum nation optical apparatus according to claim4 or 5, wherein the

adj uster conprises a first adjustnment surface having a first transmttance
distribution or first reflectance distribution of transmittances or
reflectances different according to incidence positions; 20 and a second
adj ust nent seofgdemeatdnyg ta e oficstt temsmittraoce edistiibtitiohubt otheor fistcond
reflectance distribution substantially different froma transmttance

di stri but i onreflectentedistmbetidiist ri bution conplenentary to the first
transmttance distribution or the first reflectance distribution. 25 11.
An illunination op?i cahnaphuniationaopticdl rapprasatus aacoarding wbeckiim he fir st
adj ustment surface is |l ocated on the |ight source side -58 FP06-0501-00

wi th respect whereincthy figstt adjpstanentonuriface is/lavatedigat ihewlight sourcewidace to
be ill um nated, and wherein the second adjustment surface is |ocated on
the sdrface- otlheespectita asvaigata@lene ppHealy conjugate svith thegatfacpane.

12. An iIIunjana.hi on optical apparatus according to claim10 or 5 11,
wher ei n t he B@jleunated; asd svherein thevseransbadjustmentsurérceois logatedser f ace t o
be illum nated, according..o a difference between the conplenentary
transmtt anc@’%ﬁ‘é"ﬁq@otﬁ'gﬁﬁhéfmﬁéﬁdeﬂﬂﬁ eigh gesiect futheponingate plansecond
transm ttance distgibution or, the secand reflectance (¢jstribution,_ 10 13.
An illumnation op%'i c &M Ahlsnigation, epkral REPEEAHS AGRoIdBE te Clgdr din t he

G St 71 but | onWBETRy & (iSAnGE: BHOW SR eI qrlaptment surface and”fhe | °"°°
10 conjugate plane is substantially equal to a distance between the second
adjustment surface and the conjugate plane.

9. An illumination optical apparatus according to claim 7,
wherein a first distance between the first adjustment surface and the
conjugate plane is substantially different from a second distance

15 - 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 adjustlhent surface having a
Mirst transmittance distribution or first reflectance distribution of
transmittances or reflectances different according to incidence positions;

20 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.

25 _ 11.  An illumination optical apparatus according to claim 10,

wherein the first adjustment surface is located on the light source side
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transmttances or reflectances different according to incidence angles;
and a second adjustnent surface having a second transmttance 15

di stribution or second reflectance distribution substantially FP6-0501-00
conplenmentary to the first transmttance distribution or the first
reflectance distribution. 14. An illum nation optical apparatus according
to claim13, wherein the first adjustnent surface is |located on the |ight
source side 20 with respect to a conjugate plane optically conjugate with
the illum nawitnreapect tohanajugatd plhre epticlie conjugate adithshesntfasetdace is
| ocated on the surface-to-be-illum nated side with respect to the

conj ugat e pl badllutrfinated, ehd umhein ohe sp¢ombhdashaeat suwrface iy Wicated oncl ai m
14, 25 wherein a distance between the first adjustnent surface and the
conj ugat e pl thesurfacaitmberitluaingtedside with acshiect 4o the benjugate plamesecond
-59 FP06-0501-00 adjustnent surface and the conjugate plane. 16. An

i Il um nation optich?. agpatiluminatiowpgticgl apparhtisrackerdinghtsr elaimal § or st

di stance between the first adjustment surface and the _ conjugate plane is
subst anti al | yldiwheseintther adiustere aditstslian dHuminaneretdiseibution vuc dhel

adj ustment surface and the conjugate plane. 17. An illum nation optical
appar at us ac8@iacedtor deciiHuminated, sccquidngi o thediffgroncerbetvinsni dhe a
first adjustnment surface having a fjrst transmttance distribution_ or
first refl ece@mpleryentary iiansantiance digributiongrastlestancerdistibiriassand £ f er ent
according to,incidence angles; 10 and second adj ustnent surface having a
second t ransthe t36608d dragsmitancen distrd PEf Itfé%t sheend)i geHedancan

substanti al lé{' I(:jri.tfjferent froma transnittance distribution or reflectance
di stri but i ondisStribution.

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

15 distribution or second reflectance distribution substantially
complementary to the first transmittance distribution or the first

- reflectance distribution. 7
14, An illumination optical apparatus according to claim 13,
wherein the first adjustment surface is located on the light source side’ |
20 ~ with respect to a conjugate plane optically conjugate with the
| - {llumination pupil plane, and wherein the second adjustment surface is
located on the surface-to-be-illuminated side with respect to the
éonjugate plane. |
15.  An illumination optical apparatus according to claim 14,
25  wherein a distance between the first adjustment surface and the

conjugate plane is subsfantially equal to a distance between the second
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conplenmentary to the first transmttance distribution or the first

refl ectance distribution. 15 18. An illum nation optical apparatus
according to claim 17, wherein the first adjustnent surface i SsFposaIsed-00
the light source side wth respect to a conjugate plane optically
conjugate with the illumnation pupil plane, and wherein the second

adj ustnent surface is |ocated on the surface-to-be-illumnated side with
respect to the 20 conjugate plane. 19. An illum nation optical apparatus
accor di ng t o adjustmeh? sorfacé @ndvhercenjugdie pdatjaist er adj usts an i || uni nance
di stribution on the surface to be illum nated, according to a difference
between the conpl dfentAnyillunimstiont eptiealdasparatust according ¢6 | daimnky

di stribution and 25 the second transm ttance distribution or the second

refl ectance werehi lufirstndistanag0beRose0shd -8t adljustArent! surficeanndrthept i cal
apparatus according to_any one of clains 4 to 19, wherein the transmttance
di stri buti onconjugsf¢ eplanecds dnlstantially odifiérentictroni aheceutidisdistamce
surfaces is an even-order distribution. 5 21. An illum nation optical
appar & us acbebwueerthesegopdoadiustmen) surfacelandthe, cenjugatesplaned 16 to 19,
wherein the plurality of adjustnent surfaces include a first adjustnent
surface and a secohd- adhidtraHnation apiical apparaike mecardingitghelabpaosi ze at
a location wgere a light beamto 10.arrive at a predetern ned point on the
surface to bes iWheIsithabe adiusise somprisasgn st adjusiment; sirfasenhakingf ace i s

different frama |ight, beam sj.ze. at. : C ey .
: %rst trarismittance distribution or first reflectance distribution of

transmittances or reflectances different according to incidence angles;

10 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.

15 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

20 - 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 distribﬁtion and
25 - the second transmittance distribution  or the second reflectance

distribution.
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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 adj ust nent
surface. 15 22. An illum nation optical apparatus according to EpF-0561900
5, wherein the adjuster conprises a first adjustnment surface having a
first transmttance distribution or first reflectance distribution of
transmttances or reflectances different according to incidence positions;
and a second adjustnent surface having a second transmttance 20

di stribution or se20nd Arfillestinatéen dipsical bppaubctoraisgid baycese of

refl ectances different according to incidence angles. 23. An Illum nation
optical appackims 4ctor@ nghémimrtheotransrhittaica distdibtutiod2or weeetanceach of
t he adjustnent surfaces is forned on a plane of an optical menber having
sai d pl ane. dBtidaution of| eadhhaof ctheo pidjusimenppandhoss figr anl lewehradeng a

surface to be illumnated, with a light beamfroma |ight source, -61
FPO6- 0501- 0odisttibutiohuni nati on optical apparatus conmprising: a first
adj ust ment surface_disposed in an optical path between an illum nation

pupi | Spl ane of the2ll | évi Hawmaratomn opticabppparatusacentding to enyfeneof o be
illummnated and in an_optical path on the |ight source side 5 with respect
to a conj uga¢laipsdnt® dpPiteal4.yansbh$ tigdi9% wierein the pluralite of edjusément
i1lum nated, and hayi rig a fif[st transmttance distribution or_ first

ref | ect ance Hréaqaspinclade i@ finshrsingtmand esurdace andest serosel ajustment
according to inci denae positions; and a second adjustnent surface disposed
in the opti cB1g# ANA10 bet ween the illumi nation pupil plane and the

surface to be illunjnated .and.in an,optic path on the _,
surface-to-be-ill FERIB R %‘lgglé Bgenh Stz&s gk @t location where a light beam to

10 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.

15 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

20~ distribution or second reflectance distribution of transmittances or

| réﬂectan_ces 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. |
25 :. 24.  An illumination optical appafatus for illuminating a

Sur_face to be illuminated, with a light beam from a light source,
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to the conjugate plane optically conjugate with the surface to be

i1lum nated, and having a second transm ttance distribution or second

refl ectance distribution of transmittances or refl ectances di f fFEFEL0501500
according to incidence positions. 25. An illum nation optical apparatus
according to claim?24, wherein the second transmttance distribution or
the second reflectance distribution is substantially conplenentary to the
first transmttance distribution or the first reflectance distribution. 20
26. An illum nati otheophincmatiappsptadal appacaiusicomprisicgai m 24,  wherein the
second transmttance distribution or the second reflectance distribution

i s substantially daffirst adjustmemnt surfacendisposed ¢ adioptticabpathobetween an

refl ectance distribution substantially conplenmentary to the first

transmi t t ancBluthatatidsupupd planehef the stlurmahhtion soptecadi appariusi amd the 27, An
il lum nation optical apparatus for illumnating a surface to be |

i | 1 um nat ed, swifaee o b‘sgﬁunnaatndf adnia ani gpptica patben theplighDsowseside  t he
illum nation gptical apparatus conprising: a first adjustment surface

di spoged i n withoraspeet tpachnbigate ophirallyriceajugsie prigh the parfaceto t he
iI'1lum nation optical apparatus and the surface to be illumnated_and in an
optical pat hb%ﬂtllﬂlﬁélmatf{jﬁt ﬂfsté)lh&?@ﬂgi delistviransmitiancst disripuion; opdiest pl ane
optically conjugate with the surface to _be illum nated, and H ing a first
transm ttanc’@f&%@ﬂqeo isgHbugion j ok trapsmiidaneasc OrditstlecBREEHN %%erent

transmttances or, reflectances di.fferent, according to incidence angles;

and a secpnoa%r@’é}%@ﬂmgﬁ?ﬁqcﬁd@%ﬁl@%%m in the optical path 10 between
e L PP P SR TS R bR i T
" 10 between the illumination pupil plane and the surface to be illuminated |
and in an optical path on the surface-to-be-illuminated side with respect
to the conjugate plane optically conjugate with the surface to be
illuminated, and having a second transmittance distribution or second
reflectance distribution of transmittances or reflectances different
15 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.
20 - 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
| transmittance distribution or the first reflectance distribution.
25 ~ 27.  An illumination optical apparatus for illuminating a

- - surface to be illuminated, with a light beam from a light source,
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to the conjugate plane optically conjugate with the surface to be

i1lum nated, and having a second transm ttance distribution or second
reflectance distribution of transm ttances or reflectances diffEp@UO504200
according to incidence angles. 28. An illum nation optical apparatus
according to claim?27, wherein the second transmttance distribution or
the second reflectance distribution is substantially conplenentary to the
first transmttance distribution or the first reflectance distribution. 20
29. An illuni nati othefhimiatappeptical appacandicomprasingai m 27, wherein the
second transmttance distribution or the second reflectance distribution

i s substantially daffirst adjustment sutfacedispiosad de adi syticad yatio bbetween an
reflectance distribution substantially conplenentary to the first

t ransni t t ancélainsnatidrupupdl plarehef fthe silluneiiatiohaopticali spparatus and the 30. An
il lum nation optical apparatus for illumnating a surface to be

i |1 um nat ed, swifage 4o lbegitfunbiwated andin 41 gpticalopatheon @8 ligRo6o0A®R1side t he

i | lum_nation qptical apparatus conprising: a first adjustnment surface

di spo8ed in a\ﬁﬁbmsp@at datdenjiegate glaae opiicklyiosajugate puysh Ithe lsanfaceftot he

i Ilum nation optjcal apparatus and the surface to be_ il]um nated, and
having a firb¢ Hhunmated,aped lawng puilrgntrenswittancg disttibstioanes first
distribution of transm ttances or reflectances different according to

i nci dence pot§tigcimace odigtrabutien naf atensmitiarces, ramdellgctnsssd ditfexans

optical path between the_ illum nation pupil plane and the surface to be
i |1 uni nat ed, aCGRFAIKRREA Hﬁlﬁeﬁ‘&@ﬁqeﬁmm ttance distribution or second

refl ectance 10 distributipn of transmtfances or refl ectances different
according to inci%le?ﬁ‘@%ﬁsarcﬁp%tﬁ%?m surface disposed in the optical path

10 between the illumination pupil plane and the surface to be illuminated
and in an optical path on the surface-to-be-illuminated side with respect
to the conjugate plane optically conjugate with the surface to be
illuminated, and having a second transmittance distribution or second
reflectance distribution of transmittances or reflectances different

15 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.

20 | 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.

25 g : - 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 light beamto .arrive at a
predeterm ned point on the surface to be illum nated passes through the
first adjustment surface is different froma |ight beam size atFﬁ(ﬁS—@SOl-(?]O
| ocation where the light beamto arrive at the predeterm ned point on the
surface to be illum nated passes through the second adjustnent surface.
31. A nethod of adjusting the illum nation optical apparatus according to
any one of claims 1 to 30, 20 the adjustnment nethod conprising: a pupil

| uni nance distri bmhaimlmmﬁbﬁtdmibaitappaﬁétu@@bﬁiﬂr?éiﬁgg pupi | 1 um nance
di stributions about a plurality of points on thé surface to be

i | lum nated, baseda disiogdjugimeat surficd dgpokéd i aatdpivad putle Betwedpa at us;
25 a distribution determning step of determning required transmttance
di stri buti ondluminatidre ptipiicplagiesof itheitilloninaiobeoioat rapparitie and4he

FP06- 0501-00 respective adjustnent surfaces, in order to independently

adj ust each sirfadetpbpilluminatedneard tiaving bdirsbtransioandendisplibutidn by of
points; and an adjustnment step of formi ng and placing each of the plurality
of adpust menfirgurcflectancsi distribetior syfetransmittamesr ed reflectances differens
distributions or reflectance distributions. 32. An adjustnent nethod
accordi ng t oaegaaingto, incidenoserpositops;atichg an i |1 uminance distribution

cal culating step of calculating an illum nance distribution on the surface
to be illum nated,2 bsgsemdorndingimenssisyrfagat disprsednén ethe t opticalspathout i on
determ ning step conprjses, calculatin the required transnttance

di stri but i onetyieendiiccdiuaminationspypib planm enddheeurface to be illuminated,

and having a second transmittance distribution or second reflectance
10 distribution of transmittances or reflectances different according to
incidence positions;

wherein a light beam size at a location where a light beam to
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

: 15 alocation where the light beam to atrive 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,

20 ; ' the adjustment method comprising:

a pupil lumihance distribution calculating step of calculating
pupil luminance distributions about a plurality of points on the surface
to be illuminated, based on design data of the illumination optical
apparatus;

o 25 a distribution determining step of determining required

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

i1 lum nance distribution. 33. A nethod of adjusting the illum nation
optical apparatus 15 according to any one of clains 1 to 30, t§R06-0501-00
adj ust mrent nmet hod conprising: a pupil lum nance distribution nmeasuring step
of measuring pupil |um nance distributions about a plurality of points on
the surface to be illumnated; 20 a distribution determ ning step of
determning required transmttance distributions or reflectance

di stri but i onsespechwegidjestnienttsuefacess ireotderetoaiidepengeitl y udfiae @achiof or der
to i ndependently adjust each of the pupil |um nance distributions about
the pluralityhepupdilomEnarceldistribofions sbont theqduedlityarfipoiagtgmadp! aci ng each
of the plurality 25 of adjustnment surfaces with the respective required
transmttance di senidsiustorentatep eof fectdng endi slacing tachef the plar(iy0501- 00
34. An adjustment method according to claim33, further conprising an

i |1 um nance @fsadjustmenh surfanesi ngitht e ofespeetive i reguared i trdnsmittamce

di stribution on the surface to be illum nated, wherein the distribution

det er @ ni ng €isibytiaps ot seflecthnoe distriputibnshe required transnittance

di stributions or reflectance distributions to be given to the respective
adj ust nent sur f aced2. i Mr adjustmentij methachaccprdiog tancleimi Sily i fouthesn. 35.
A net hod of adjusting the illumnatiaon agptical apparatus_ according to any
one of cl ai rrﬁompﬁﬁl%ﬁnlﬁunﬁaaa@ﬁ s&tﬁbutloma&@dagngﬁtmoﬁgalcaﬂqju}g an

| um nance di 1sﬁri bution_ acquiring step of_ acqui [

uminance distrﬂ;Jutlon on the surface to brei irlllgurgi%%telzd, based on the
design data,

10 wherein the distribution determining step comprises calculating
the required transmittance distributions or reflectance distributions to be
given to the respective adjustment surfaces, in order to adjust the -
illuminance distribution.

33. A method of adjusting the illumination optical apparatus

15 according to any one of claims 1 to 30,
| the adjustment method comprising:

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

20 a distribution determining step of determining required

| transmittance distributions or reflectance distributions to be gix}en 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

25 . 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
illumnated; an approxi mati on step of approximati ng each of the pupil 15
| um nance distributions about the plurality of points acquiredfppg-0801-00
pupi | lum nance distribution acquiring step, by a predeterm ned polynom al
as a function of pupil coordinates on the illum nation pupil plane; an
eval uation step of evaluating the pupil |um nance 20 distributions about
the plurality of points by a pupil lum nance distribution polynomal as a
function of inage-paneAnoadidistratat method Becording twaldinadgds forhehe
surface to be illum nated, based on coefficients of respective terns in
sai d predet ecompecing hpndunzinanee shistpibotionbmaasinigg step of ehedsuringhat ween
the transmttance 25 distributions or reflectance distributions given to
t he respect i UBimaingstdistintbugion eie dse simdfachtnbe sllominatedpupi | | uni nance
~distributions -66 FP06-0501-00 about the plurality of points; a

di stribution deterwhareiy theefisibutinme determining stepr eamprises saldul ating
distributions or reflectance distributions to be given to the respective
adj usPment sthertgguired; transmaigtance disfgidpsionsron seflegfance distributiors tonke pupi |

| um nance distributions about, the plurality of points, based on a result
of the eval ugtveBnte heneespestivat adivstnent susfacks, dor oxlest foadjustd than

adjustnent step of formng and placing each of the plurality of adjustnent
sur f aces vvi'tﬁﬁFWélaFE%Sé"éﬂ Oflequi red transmttance distributions or

35, fur ther conpribi nd. Biethod i AANSEng: Gie TDURIIGR gUFANgPBRGE]
~acquiring anaccordilrl,cg, to any one of claims 1 to 30, |
10 : the adjustment method comprising:

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

an approximation step of approxirﬁating each of the pupil

15 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

20 distributions about the plurality of points by a pupil luminance
distribution polynomial as a function of image-plane coordihatés 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
25 - distributions or reflectance distributions given to the respective

“adjustment surfaces and changes of the pupil Iuminance__' distributions
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illum.nance distribution on the surface to be illum nated; and a step of
obt ai ning a second correlati on between the transmttance distributions or
refl ectance distributions given to the respective adjustnment SUuFPaess 01200
and changes of the illum nance distribution on the surface to be

illum nated, wherein the distribution determ ning step conprises
determining the required transmttance distributions or reflectance
distributions to be given to the respective adjustnment surfaces, in order
to adj ust theabopothd plurakiggne€pdimts;ri buti on, based on the second
correlation. 37. An adjustnent nethod according to claim35 or 36, wherein
the pupi| |um nance diistribution onleterpiniingg ssepep of ordeteseimingal requaeidng t he
pupi | lum nance distributions about the plurality of points on the surface
to be illunm fnstitteaee disributiehywrdaflactahce distribations ueibreagiven tophiecal
apparatus. -67 FP0O6-0501-00 38. An adjustnent nethod according to claim 35
or 36, wher eil@SRasEvVEAsustmentramtaces; 51 erdarttoomdapeondienthy) adjusp eechwfi ses

measurj ng the pupil, | uni nance, distributions about the plurality of points
on the surf ade PYPHdumInanse disteibutiogs abaut sl pluelity ofwoiats, hesest enng to
any one of clains I%g to 38, wher e'ilg the i]lum nance_distribution acquiring
step conpri sédesiltofthe evalyating 1n) the evalietonistep ang the sorslatien; aid face to

be illum nated, based,.on the desi data of the jllum_nation qgptical
apparatus. 40. An &R ‘t‘%ﬁmrﬁé@m&%r}éémgliaﬁéﬁ cm@emomﬁ@ﬂﬁmltze 10

measu i gt hEti PHOHASHE TS| BUER ofioriSPRECALs {EGRIES. DEmY TR AR: ed.
41 A method sof BHiESE of fefflcthned BidtEhufonSPt ' cal apparatus for
10 36. An adjustment method according to claim 35, further
comprising an illuminance distribution acquiring siep of acquiring an
illuminance distribution on the surface to be illuminated; and a step of
obtaining a second correlation between the transmittance distributions
or reflectance distributions given to the respective adjustment surfaces
15 and changes of the illunﬁnance distribution on the surface to be
| illuminated, | |
wherein the distribution determining step comprises determining
the required transmittance distributions or reflectance distributions to be
given to the respective adjustment surfaces, in order tor adjust the
20 illuminance distribution, based on the second correlation. |
| 37. An adjustment method according to claim 35 or 36,
wherein the pupil luminance 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

' 25 illumination optical apparatus.
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formng a pupil lum nance distribution with a predeterm ned | um nance
distribution on an illum nation pupil plane on the basis of a |ight beam 15
froma light source and for illumnating a surface to be illumpRiEdsSOMOMH
a light beamfromthe pupil |um nance distribution, the adjustnent nethod
conprising: a pupil lum nance distribution acquiring step of acquiring

" pupil lTum nance distributions about a plurality of points on the surface
to be 20 illumnated; a distribution determ ning step of determ ning
required transnitB88nceAdi sidjustmentnmethod eddcartang: dodicktini B8 i ans@t a
plurality of positions in _an optical path of the illum nation optical
appar at us, i wheseierthe opiiptle pamaearndey (ﬁsﬁrﬂmﬁiomacahqufrimg]estpppbbmpnis'eance
distributions 25 about the plurality of points;, and an adjustment step of
f or mi ng eachmgasaripgdhalpupil ﬁﬂnm@jnastddfmubutm dbe0s tlos phuality efipbites with
the respective required transm ttance distributions or reflectance

di stri buti on&ndhe sprigee g beriuminatadient surfaces at the plurality of

posi tions. 42. An adjustnent nethod according to claim41l, further 5
conpr Psing an il | uAPnadde adjustmentimethogdcagaording ta epy smeaefjglaimsg3an
illum nance distributiqgn on the surface,tq be illum_,nated, wherein the

di stributi ontQieier RTEAB @Eefslhéramﬂn@eglﬁabaupm AGePLiringestepqopmpgises

ol B kS A SENGAER bbbt o2
accor di ng. { oDRIEE o M€ dGHBREIAE ORENS HINBRANATL BPHF A aHTHERkEn acqui r1 ng St ep
comprises cal cul at!l(ﬁ'.g Efﬂleadjustment method according to any one of claims 36
- 10 to 38, wherein the illuminance distribution acquiring step comprises
measuring the illuminance distribution on the surface to be illuminated.
41. A method of adjusting an illumination optical apparatus for
. forming a pupil luminance distribution with a predetermined luminance
distribution on an illumination pupil plane on the basis of a light beam
15 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 luminance distribution acquiring step of acquiring pupil
luminance distributions about a plurality of points on the surface to be
20 - 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 luminance distributions
| 25 . about the plurality of points; and

- an adjustment step of forming each of a plurality of adjustment
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I 1l um nance distribution on the surface to be illum nated, based on design
data of the illum nation optical apparatus. 15 44. An adjustnent nethod
according to claim42, wherein the illumnance distribution adgROE-i0301s0epP
conprises neasuring the illumnance distribution on the surface to be

i1 lum nated. 45. An adjustnent nethod according to any one of clains 41 to
44, wherein the pupil distribution acquiring step conprises 20 calculating
the pupil lum nance distributions about the plurality of points on the
surface to beuifacesr withedhe heespective deguipeddaasofittanee  dibtribvitivaisi on
optical apparatus. 46. An_adjustnment nmethod according to any one of clains
41 to 44, whelestanededistrphutions anidb pldacing atheuiadjusyment psurfagesi seghe
measuring 25 the pupil |um nance distributions about the plurality of

poi nts on t hplurality e @ossians. i | | uni nated. -69 FP06-0501-00 47. An exposure
apparatus conprising the illum nation gptjcal apparatus according to any
one of claims 1 to430, dn adjustmeni maethod a@pprcgtag ppeletnud ] adiutdesd by

t he adj ustnent nefhod acg¢ording to _any. qne of clainms 31 to 46, the

exposdr e appSPHYUEIRGaty humiaancer distibptioncaaquigng siap tofr AcqHiriagnas k

e e Do S R i e oS o o
mage- of the patt BORTGR TRIHARIA CRETBHONE SIen CovelBaneeIaingD
B TEE SEUEMIMEEHE R RN MWD I
the plurality of positions in the optical path of the illumination optical
10 apparatus, in order to adjust the illuminance distribution.

43. An adjustment method according to claim 42, wherein the
illuminance distribution acquiring step comprises calculating the
iluminance distribution on the surface to be illuminated, based on
design data of the illumination optical apparatus. | _

15 | 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

20 | calculating the pupil luminance distributions about the plurality of
points on the surface to be iIlu,nﬁnated, based on design data of the
- 1llumination optical apparatus.
46, An adjustment method according to any one of claims 41
- to 44, wherein the pupil distribution acquiring step comprises,.measuring ‘
| 25 - the pupil Juminance diétributions -about the plurality of points -on the

surface to be illuminated. |
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surface of the pattern of the mask is |ocated on the surface to be

i1 lumnated. 15 50. An exposure nethod conprising: an illumnation step of
illumnating a mask with the illum nation optical apparatus acqopgh-030t000
any one of clainms 1 to 30, or with an illum nation optical apparatus

adj usted by the adjustnent nmethod according to any one of clainms 31 to 46;
and an exposure step of projecting a pattern of the nask onto a 20
photosensitive substrate to effect exposure thereof. 51. An exposure method
according to clai mi30, Ahexposutehapparannscompeitity the ilhanineiopr ostesl a
projection step of formng an image of the pattern of the mask on the
phot osensi t i appsuitss macerdingdionhry edrre Ofieclaimg dceo 30, bher &h lilloimiatddni s a
surface on which the 25 pattern image is forned. 70 ]

optical apparatus adjusted by the adjustment method according to any

one of claims 31 to 46, the exposure apparatus being adapted for

5 projecting a pattern of a mask illuminated by the illumination optical
| apparatus, onto a photosensitive substrate to effect exposure thereof.

48. An exposure apparatus according to claim 47, further
comprising a projection optical system for forming an image of the
pattern of the mask on the photosensitive substrate,

10 wherein the surface 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 pattern of the mask is located on the surface to be
illuminated.

15 50. An exposure method comprising: an illumination step of
illuminating a mask 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 a pattern of the mask onto a

20 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 pattern of the mask on the photosensitive substrate, and

wherein the surface to be illuminated is a surface on which the |

© 25  pattern image is formed.
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