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FP06- 0456- 00 DESCRI PTI ON METHOD OF ADJUSTI NG LI GHTI NG
OPTI CAL DEVI CE, LI GHTI NG OPTI CAL DEVI CE, EXPOSURE

SYSTEM AND EXPOSURE METHOD 5 Technical Field [ 00§H06-0456-00

The present invention relates to an adj ustnment nethod

of illumnation optical apparatus, an illum nation
optical apparatus, an exposure apparatus, and an
exposure nmethod and, nore particularly, an

illum nation optical a@ESCRIPITONDIY applicable to
exposure apparatus 10 and ot hers used for
nﬁﬂEﬂ&ﬂDM)iﬂ@FniﬁﬂhﬂéSIIb&} dulpHAINGe mi OPAdGAbr DEVICE,
devi ces, i mge pickup devices, uid-crystal displa y
dBIGIEEINGd QPTHCAL | DEMIGE: i dE)%BQ&UR&E/ SYSTEM, ~AND

l'ithograph Background Art [0002] In the typical
eE&lﬁB%&UB.ﬁMETIﬁ)Ef this type, a light beam 15

emtted froma |light source is guided through a fly's
evechnival Faeld nicrol ens array or the like) as an

optr cal integrator to forma _secondary |jght source
a$080 5], Adheamresents dnyention | ralatesate adnadpistmgnbfmgthod of
l ot of |ight sources. Light bri nms, from t he, secondar

| ijumiselior coplical appaEha®danyl ﬁw@mﬁﬂms érptrfeﬁsama
thereafter illumnate a mask with a 20 predeterm ned
PEXDOBWIS HRPRIARIS, i3Rdaany @wpgwem%@rﬁ &nd, PeRye3p cgfﬁﬂy,

t tted b tt f t | th
if Efr{;"p@fégn olisol pRATarS Suftebly SRPReARle 60 CRpos T ABParatus
A BBy e nanu srBe 5 GorgefEes Rt oy c‘%mccn'lductor
f..Th t
&S&?ea?e .naﬁeggfﬁc%la e Gl o ety b

wafer |n order to accurately

be for
f@n%mem rBXg Yern onto 1 FPO6-0456- 00
Backeround Art

[0002] In the typical exposure apparatus of this type, a light beam
emitted from a light source is guided through a fly's eye lens (or
microlens array or the like) as an optical integrator to form a secondary
light souree as a substantive surface illuminant consisting of a lot of
light sources. Light beams from the secondary light source are
condensed by a condenser lens and thereafter illuminate a mask with a
predetermined pattern therein, in a superposed manner.

[0003] Light transmitted by the pattern of the mask travels through a
projection optical system to be focused on a wafer. In this manner the
mask pattern is projected (or transferred) onto the wafer to effect
exposure thereof. The pattern formed in the mask is of high
integration and a uniform illuminance distribution must be formed on

the wafer in order to accurately transfer this microscopic pattern onto
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the wafer. The exposure |ight sources presently used
include a KrF exciner |laser light source for

supplying light at the wavel ength of 248 nm an Arfrpos-0456-00
h

exci mer laser |ight source for supplying light at the
wavel ength of 193 nm and so on. 5 [0004] In the
conventi onal exposure apparatus, the nmask is
illTumnated while the light supplied fromthe |ight

SQHEGRafdr. t e kkpdsiie HERY 8buftks prdsentlyn@sdd ¥nclude a KrF
pol arized light with a désired polarization direction

byex@ime Igser! 18818 dcurae For @apggm%tlﬁghm fiestwaRald of 248
(e.g., cf. Patent Docunent”1). Specifically, in the

Caff, Gin (A cotlamr tier Hihpssouecd Ofaappapplyifg light at the
described in Patent Docunent 1, a quarter-wave plate
anslavelehgttf o493 nph 2dred s@@da. of rock crystal are

di sposed in an optical path between the |ight source
aj0084{lihftheasorwentipniat akpeseeappdratugh thd esank is illuminated
converting el enent). [0005] Patent Docunent 1:

| 'whiledhe dight sppliedatroom thee light Soubeo of thisikind is converted
Di scl osure of the Invention Problemto be Solved by

t linto dineatlyopolavizes] light iveith odesieed peilafization direction by a
accurately produce a wave plate such as the

- quuaverplaée eiplagcordandealwithathe pnasle pattenma (Sigaglaf. Patent

rock crystal 20 plate. Wen the wave plate fails to
adeaeumeny lunSpesifiealtnuigeths case wifaibeueonverdionsl exposure
the mask (and the wafer event uall¥) cannot be

i |apperas desaribeddes Pasat | Dassment dolzagnager-wayet plate and a

this wll result in ailing to, performgood exposure

i awjf'é"éﬂéfer plate| madﬁr@% roek cayetel iasa gléﬁ‘éiﬁcﬁiﬂﬁgaﬁ &piwal path
sk pattern, 25 [0007] The present invention has, bee

gﬂ&éﬁﬁpnsﬁggh t soasgeotnd e ditfigclysi ol H EPmAa ik beam

obj ect of %Eﬁe in\Sention is to provide an 2

FRSEVEEBRE G MENuni nati on optical apparatus capabl e

Of[()'O'O'SjI B4 ght "o I?ocsﬁlfrrlér?tg © t10 beIntemational Publication  No.
W02004/051717

Disclosure of the Invention

Problem to be Solved by the Invention

[0006] It is, however, difficult to accurately produce a wave plate such
as the quarter-wave plate or half~-wave plate from a single rock crystal
plate. When the wave plate fails to accurately function because of
manufacturing error, the mask (and the wafer eventually) cannot be
illuminated with desired linearly polarized light and this will result in
failing to perform good exposure in a desired illumination condition
according to the mask pattern.

[0007] The present invention has been accomplished in view of the

foregoing problem and an object of the invention is to provide an
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illumnated, wwth light in a desired polarization
state, wthout substantive influence of manufacturing

error of an optical nmenber functioning as a wave gﬂ06'0456'00

pl ate.. Anot her object of the present invention is
provi de an exposure apparatus and exposure nethod
capabl e of perform ng good exposure under an

appropriate illunmination condition, usi ng t he
| oo dpeival Gppaddipar @lpablé of illurminatidel Adsfa@sko be
set on the surfaceto be il'lum nated, withlight in a

dldinnétated] anhidat l1ght sttt @ dédtens potarﬁsaltmmn Ostatts  without
Probl em 10 [0008] I'n order to solve the above problem

astbstahtias patfluericet b€ masedadturingy entoroof parovostésal amember

illum nation optical apparatus for illumnating a
s ufietdening dzea mwdvenplats.ed Another diejeict efl thhwpeesenainvention is
state on the basis of light froma |Iight source, the

i kb upiovade can exposate apparaiuss and npxpesurg: mkShéd rsdpable of
pol ari zation changi ng neans for locally changing a
ppesicrarng @ocst exposfre|ungder aroapptrapriatatiduttinationfamslition,
to be illum nated; and second pol arization_ changin

meaing the illaninatiore bptigahgpparssus for #luminating @ masﬂ set on
position on or near, a pupil Iane of the illumnation
othe satfaep pabailluminatedowat) light i sriesiregqmlaviration state.
present [ nvent| on prow des an illum nation optical

apdeans for Selving theProbleny a surface to be

il ed based on_light from.a I| t source,

| ID00R, oEdenin Felye thspagrrm @3 gy agpect of the present
polarlzatlon .converting eLenentcagcated on Or .pear. an

. IRYRRTRR PEAVidesian Jhumdnation appagptyy for 1 uminating a

rtin ol ari zatjon stat i.nci.dent ht
- SUAER P e AT P 1 el B@I@nzg lipBogaig45s e basis of
the arl zatl on converting element locally
\Aﬂﬁi’gi‘) W‘%ﬂcf-"on state of light at a position on

or near ﬁh?m? t1(§)r1 8Bﬁcaolf alttjparatus comprising;:

first polarization changing means for locally changing a
polarization state of light to illuminate the surface to be illuminated; and

second polarization changing means for locally changing a
polarization state at a position on or near a pﬁpil plane of the
illumination optical apparatus.
[0009] A second aspect of the present invention provides an
illumination optical apparatus for illuminating a surface to be
illuminated, based on light from a light source,

the illumination optical apparatus comprising a polarization
converting element located on or near an illumination pupil plane and
adapted for converting a polarization state of incident light into a

predetermined polarization state,
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illumnation optical apparatus. [0010] A third aspect

of the present invention provides an illumnation 5
optical apparatus for illumnating a surface to be _ ~
illum nated, based on light froma |ight source, chI:eOG 0456-00

illum nation optical apparatus conprising: a
pol ari zati on converting el enent |ocated near the
surface to be illumnated, at a position optically

conj ugatyhatein th& §oltiFaG6n torRerting dibhiemt Natsly Hanges a
near the conjugate position and adapted for convertin

a podhiratied seite ifdightadt 4 pekid ohidMedrithe fupil plane of the
predeterm ned pol arization state, wherein the
pdllariizatibeoptical epparagug! ement | ocal Iy changes a

pol ari zation state of illum nation |ight on the

sy00a0F A thipé aspeonofidie gresehd ih0&itidn prooidesharaiipasination
of the present Invention provides an exposure

ampdical apparatps ifer ndumiieating angurfddeoto bptilloatinated, based on
apparatus of the first aspect to the third aspect,

angghdopmenlight squmogect i ng a predeternined pattern
ilTumnated by the illum nation optical apparatus,

onto a thtdlwnamation optisabapparatisteompfisorg:exposur e
thereof 20 [0012] A fifth aspect of the present

i nvent i @nplasizaties convexiing element loeated ngar dhe suifagedo be
pr.edeterm ned pattern ontQ a_photosensitive substrate

t dlluprinatedergios pesitinar epticallis i canjugate withvthatswface to be
Opt.i cal pparatus of the first aspect to the third |

ad Bmmai[e%o osnear $he cangigate positiam ang ageptad foreonvesting a
provi des,a net hod_of .25 nuf acturi ng device L

c dRLLZatien S&@Ee?ﬁd@@%‘él‘%?ﬁgﬁbﬂnﬁ& &i @é@chtgrramed polarization
predeterm ned pattern onto a 4 FP06-0456-00
pRAEsensitive substrate to effect exposure thereof,

aspect  teherkin e pladgaltn GRtyeRihe Arbieocal shamees a

e Th Pt 3% BPOOS SR 41 Yigne RShe 3fface to be illuminated.
[0011] A fourth aspect of the present invention provides an exposure
apparatus comprising the illumination optical apparatus of the first
aspect to the third aspect, and adapted for projecting a predetermined
pattern illuminated by the illumination optical apparatus, onto a
photosensitive substrate to effect exposure thereof.
[0012] A fifth aspect of the present invention provides an exposure
method of projecting a predetermined pattern onto a photosensitive
substrate to effect exposure thereof, using the illumination optical
apparatus of the first aspect to the third aspect.
[0013] A sixth aspect of the present invention provides a method of
manufacturing device comprising:

an exposure step of projecting a predetermined pattern onto a
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exposed in the exposure step. 5 [0014] A seventh
aspect of the present invention provides an adj ustnent

met hod of adjusting an illum nation optical appar apgg6_0456_00

for illumnating a surface to be illum nated, base

on light froma light source, the adjustnment nethod
conprising: a first step of preparing a variabl e phase

di fference nmenber for 10 variably yielding a phase
dphbrisensieiveet valedtrdtacitdenéffecyhexposureentiegens |udhp; the
a second step of setting the phase difference yielde
bjllirénaticat optitsl aeeendidffthedietasmedeo the thied aspect; and
predeterm ned value; and a third step of placing the

vari abl & devadepmheht atgnof devdioping the phabtoserisitive substrate
pat h between the |ight source and the surface to be

| ekposathirethe §:xGaikh}e stepei ght h aspect of the present

i nvention provides an adjustnment nethod of adjusting
af0014]uni seseintin aspedted] the presettinvéntion iprovideatannadjastment
surface to be illum nated, based on light froma Iight
smethed aftadjnsting jpnsilwminationhepticed ppasatmg:fos ilpminating a
step of locally changing a polarization state of

i suxface te berlliinghateds based endightdrem alight sowiasat ed;

and a second step of locally changing a polarization

st ate othd adjustraentimetand cpgwrisingr near a pupil pl ane

of the illum natign optical apparatuys. %§$§0016] A

ni nth addést stiD ohPrepamee Ya ﬁi}%ﬁassr egecemember for

illuyn pation_. optic apparatus adjusted in agcordance
wvarabhe weldingrentp cdifisrenes FpelaveRmsemgadenthdight and
sevent h Eﬁqt or the eighth aspect. [0017] A tenth
aSPEEEIE IRk present invention provides an adj ust nent

"1 et it seana” SIS ait wiihiRaothc, 2ARee (LEiFTenee yielded by the

| kfgﬁgbpeaf)ﬁgs% 1 e'rgﬁ‘clze i g}, S aapnr%dfat(()arrmmed value; and

~ a third step of placing the variable phase difference member in

an optical path between the light source and the surface to be
illuminated.
[0015] An eighth aspect of the present invention provides an adjustment
method of adjusting an illumination optical apparatus for illuminating a
surface to be illuminated, based on light from a light source,

the adjustment method comprising:

a first step of locally changing a polarization state of
illumination light on the surface to be illuminated; and

a second step of locally changing a polarization state of light at a
position on or near a pupil plane of the illumination optical apparatus.
[0016] A ninth aspect of the present invention provides an illumination

optical apparatus adjusted in accordance with the adjustment method of
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5 projecting the predeterm ned pattern onto a
phot osensitive substrate to effect exposure thereof,

wherein the illumnation optical apparatus is adj Usprb-0456-00

in accordance with the adjustnment nmethod of the

seventh aspect or the eighth aspect. 10 [0018] An

el eventh aspect of the present invention provides an

adj ust rent net hod of adjusting an exposure system

c thigp sé e aspedt orstheesiphtiuaspeappar at us conprising a

first illumnation optical apparatus for illum nating
a[001 3} Apadrithraspest affthegpresestkinvendioadprsvddes an adjustment
projecting the first pattern of the first nmask onto a
podthednsof | adjustibgs st expesire effpacatusxfosuriluminating a
thereof; and a second exposure apparatus conprising a

s predeteithined patieon bypan cAlumipadrcat wptifcal apparatus and for
illumnating a second pattern on a second mask, and
agrapjestingothepprsidetarimiped patterooontopaphatoseafsitive substrate to
second nmask onto the photosensitive substrate to

efefiect exppoivertberaedy eof, 20 wherein the first and

second il lum nation _optjcal apparatus are adjusted in
accor damdergin nthenallsapinetioentoptieal o@pparatie sevadjusted in
aspect or the_eighth aspect. [0019] A.twel fth aspect
oficeprdapcaswith the adiusment guethed of thepsevanth aspectar the
adj, sg ed in accordance with the adjustnent method of

t £elenth aspect. [0020] A thirteenth aspect of

t sent jnvention provides a 6 FP06-0456-00 .
0P b AT celeet cRRRECh g Of adtr Presshbr INyiegong provides an

R R
ocal andiolSRERRS GAPA SRR RE KNG At A iRatiRn optical
CQULBIENL (r GUD: ;5,200 & SRLouay, for, £Nabl 100 BCCERS g for
projecting the first pattern of the first mask onto a photosensitive
substrate to effect exposure thereof; and
a second exposure apparatus comprising a second illumination
optical apparatus for illuminating a second pattern on a second mask,
and adapted for projecting the second pattern of the second mask onto
the photosensitive substrate to effect exposure thereof,
wherein the first and second illumination optical apparatus are
adjusted in accordance with the adjustment method of the seventh
aspect or the eighth aspect.
[0019] A twelfth aspect of the present invention provides an exposure
system adjusted in accordance with the adjustment method of the
eleventh aspect.

[06020] A thirteenth aspect of the present invention provides a
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external network outside the factory, wherein data
conmmunication is enabled for informati on about at

| east one equi pment in the nmanufacturing equi prentEpoe-0456-00
t

group. [0021] A fourteenth aspect of the presen

i nvention provides a 10 m crodevice manufacturing

met hod conprising: a step of installing a :

manuf act uri ng equi prent group for various processes

c anjerodévige t heandfactiriex pdactory apmanptissigand t heanufacturing
second exposure apparatus of the twelfth aspect, in a
mequiptnent eroap uoacvaniowy practssey; caanprising épe dirst exposure
manufacturing a m crodevice through a plurality of
pappesaus dng theasecorid exppostire appafadus wfi the tyelffhmaspect; a
group. Effect of the Invention [0022] In one aspect of

t hecalrarse metivovks rfor @onnactingdhepohanfachiiing espapment group;
variable on the pupil_ plane and, therefore, an optinal

i |andn# igateway losrenabiling eaecssefrom sheilopaldardamnetwork to an
exanple, in a case where a pattern on, 20 the surface

t @xtana) mehwek cutside; the, dacterndvihereins deta eepusuniation is
t her eof 0{3 the photosensitive sybstrate. In another,
agﬁégfedof Qth ellipEBAHEN .aﬁi@m iasn least| eng  paviIment | n the
state is variable on the surface to be illum nated
aNeANYIREREIE SqUIPINSIH-FORe di f f er ence bet ween pattern
DRI b e 0 e Sp e BowoR 600k
oA iGE Juanufadkiung meticl Somnsine: Gusisoet stalling a

0023] .| till th t of .th t . .
AT T T N L g———
Rl AR S, A B0 B Smd oS, of e
SqQl. eir b . bj net t i d
SO PREE R bi BBy R hRHEUIBSR" Biedfrs ot 8 step of
di [ t
AR g T bl ole e M GhEh o SERARYCSH priespes, by aneans
Ple#ttfie Fah¥&cturing equipment group.

Effect of the Invention

[0022] In one aspect of the present invention, a local polarization state
is variable on the pupil plane and, therefore, an optimal illumination
condition can be established, for example, in a case where a pattern on
the surface to be illuminated is illuminated to effect exposure thereof on
the photosensitive substrate. In another aspect of the present
invention, a local polarization state is variable on the surface to be
illuminated and, therefore, an in-plane difference between pattern
transfer states can be reduced, for example, in a case where a pattern
placed on the surface to be illuminated is illuminated to effect exposure

thereof on the photosensitive substrate.



10

15

20

25

hal f-wave plate froma single rock crystal plate, it
can be used after adjusted so as to accurately

function, for exanple, as a quarter-wave plate or FP06-0456-00

hal f -wave pl ate even when an optical el enent
constituting the 10 variable phase difference nmenber
has sone manufacturing error. [0024] Therefore, the
illum nation- optical apparatus of the present

| 106D8] oA stifl adthet aspddtwiithatgetdit ifRektian, dnseth@sariable
to be 1llumnated, wth light in a desired

p@hase zdiff@enst atrembért Hout vatibblyantieléng nhl phase difference
manuf acturing error of each optical element form ng an

offetwatn Iibcidemb diglituand i emeérgingslightyefoe ¢xaatiple, Atkeaa Soleil
result, the exposure apparatus and exposure nethod of
t enppermatir on\eeBabimetacempehsatoo is peseddoasnagoogtical member
exposure under an appropriate illumnation condition,
udungtiomisg a9 arvian pgnepdtffe:raht &pmathe eeonfrentional technology
T um natlng a pattern set on the surface to be
i Idfumanufasturingtthel wawie plateasutdsas dhe pplasterasaveplate or the
state, 20 and, therefore, to manufacture a good
mlmﬂ%wecplat@rfr@m Besivgleprock aysiehelaeait vga peomsy after
Fig. 1 is a drawi ng schemati caIIy show n

@%ﬂusjgdaaq 8n tof acgurately ddctonppar mﬁ@c@soﬂ rﬁ@laﬁser—wave
an _enbodi ment of the present invention. 25 Fig. 2
a nletewig hebihwisneinlale s;/veghbmengaraﬁptlﬁale@]ﬁment constltutmg the
confja%xé |onp apolarl on state neasuri,ng

phashd 1 Ienge n1em pdgopYsBaAnY quJg'}ngfﬁrF@' a

[8&2? che &%gl mshow ng confi urgﬁ%é&@ﬁ%g@f 5lelfzhpresent
e%ﬁ%ﬂﬁﬁ%ﬁ%ﬁ E%t%fﬂlaﬂlm@ ﬁﬁog%ﬁ Chemt e thBe siinated,
s SREdERn § dasoninas BrEahthotis 'v%ﬁhev% Subiyap drf‘wﬂﬂuence

opt Cal 13 t tg{ga%ctg e nc%)tlcal Menldde .';formmg an optical

member functlomng as a wave plate. As a result, the exposure
apparatus and exposure method of the present invention are able to
perform good exposure under an appropriate illumination condition,
using the illumination optical apparatus for illuminating a pattern set on
the surface to be illuminated, with light in a desired polarization state,
and, therefore, to manufacture a good microdevice.

Brief Description of the Drawings

[0025] Fig. 1 is a drawing schematically showing a configuration of an
exposure apparatus according to an embodiment of the present
invention.

Fig. 2 is a drawing schematically showing an internal

configuration of a polarization state measuring section shown in Fig. 1.
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Fig. 6 is a drawi ng schematically show ng a
configuration of each variable optical rotating nenber

formng the variable optical 10 rotator unit shovvpplorg 0456-00

Fig. 5. Fig. 7 is a drawing for explaining the optical
rotatory power of rock crystal. Fig. 8 is a draw ng
schematically show ng an annul ar secondary |ight

source set in a circunferential polarization state by

action Ppig.tBeis d5dnaavingbscheapaticaily rshostiag configsimtions for
in Fig. 5. Fig. 9 is a draw ng schematlcally showi ng

apaeimnwfarvareatsledgphasel | difference censwibersn accextling to the
pol ari zation state by action of the variable optical

r etrdtolimemitt shown in Fig. 5. Fig. 10 is a draw ng
schematically showing a configuration of a 20

var i abl Fighhseadirahengschenaticallycshodvimg a sonfiguration of an
enbodi ment of the present invention. Fig. 11 is a
daprﬁgefappas@mmonhng;towﬁrﬁumodgiqaﬁmmexamplmf

t he varl abl e phase difference _unit shown in Flg

Fi g. 12Fig 3 iseadrawingcsehamatically shavingg eon guratlon of a

B b et s O Febarafsbaon Sl
T Pl y R sranivardied ot s i of
SRS s aeRedl R o ol
NPT ShowE B BibSe. Fig. 15 s & r aw ﬁgsew”d
z;;?fzzr Fi Lt o G ottt 80 ol 8y 4R8P B of
e>1ggc s?al the exanple shown in Fig. 14.

Fig. 8 is a drawing schematically showing an annular secondary
light source set in a circumferential polarization state by action of the
variable optical rotator unit shown in Fig. 5.

Fig. 9.is a drawing schematically showing an annular secondary
light source set in a radial polarization state by action of the variable
optical rotator unit shown in Fig. 5.

Fig. 10 is a drawing schematically showing a configuration of a
variable phase difference unit according to the embodiment of the
present invention.

Fig. 11 is a drawing for schematically explaining the action of
the variable phase difference unit shown in Fig. 10. |

Fig. 12 is a drawing schematically showing a configuration of
another variable phase difference unit according to the embodiment of

the present invention.
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Fig. 16 is a drawi ng schematically showi ng a
configuration of a 10 variable optical rotator/phase

shifter unit according to a third nodification FP06-0456-00

exanple. Fig. 17 includes (a) a draw ng showi ng a

mul ti-pole secondary 1|ight source and (b) a draw ng

showi ng a positional relation at an exit where |ight
beans formng the nulti-pole secondary |ight source

shown 1%igniBay adeawimg tfer sthemafically estplhinéng thé aztion of
vari abl e phase shifter unit. Fig. 18 is a draw ng
sthevariabld phasshdiifergnee onitfshpwmain Fig.aliti action of a
pair of aspherical optical rotators according to a

fourth RBigdildiisat dmwiegsghematigajly dloowmgmadomdiguration of a
schematical |y showi ng an_exanple of 20 optical . .

r otaatabde optiesle rotator) usits taddeudingnstogi a/eseqomda paidification
of aspherical optical rotators (phase shifters). Fig.
2@xampledr aw ng schematically show ng anot her exanple

of optical ratation (phase shi,fti di stributions given

to a pailiigof S48 shdraveag schemaiigalloskewng preandiguration of a
shifters). 25 Fig. 21 js a drawi ng sch tically

shHERIaNe aptsal rotetar walt acearding iesa Fao oRspFRplaapt the
optical rotators_(phase shifters) having 10

FEXeMPIS Hbgkﬂ?c]t‘ﬁve optical rotation (phase

shift) di.strihutions ,of optical rptations (phase ..
shifts) Kig 167 udEdudeddhsraically shawing ssfantisgation of a
Fi g.. IS dy awi W Nng ,Cr.0ss sections of an .
orvhsiatle | Rtical b Satorioliane oPRIER: ST gAECOKARE pdasihgthird
t he aﬁgqhagri cal OBL%(caI rotators 5 (phase shifters) in
t FROHBA Rt ¥ BHPSampl e of Fig. 21. Fig. 23 is a |
fl omchard. schemati cal show ng steps in an ;.
i ust e it R (o) & AP, ShERipk T Alipiapole, secondary
a dj Q. t o . th r f tion. .
2SRk 9k S IRREEE Sk pREFA DB ol i
ARwhere light beams forming the multi-pole secondary light source shown
in (a) are emitted from phase shifters of a variable phase shifter unit.

Fig. 18 is a drawing schematically showing a configuration and
action of a pair of aspherical optical rotators according to a fourth
modification example.

Fig. 19 i1s a drawing schematically showing an example of
optical rotation (phase shift) distributions given to a pair of aspherical
optical rotators (phase shifters).

Fig. 20 is a drawing schematically showing another example of
optical rotation (phase shift) distributions given to a pair of aspherical
optical rotators (phase shifters).

Fig. 21 is a drawing schematically showing a modification

example using three aspherical optical rotators (phase shifters) having

10
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10 adj ustnent nethod according to a nodification
exanple of the enbodinent. Fig. 25 is a diagram

expressing an overall systemof the enbodi ment asgEp(6-0456-00

view froma certain aspect. Fig. 26 is a concept ual

di agram expressing an overall systemof 15 the

enbodi nent as a view from anot her aspect different

fromFig. 25. Fig. 27 is a drawi ng showi ng an exanpl e

ofespevtioe dptical rewtiohcfdae mhift) désdributiandicfgtical rotations

the systemof Fig. 26. Fig. 28 is a draw ng

s (pteasetshifik) diffdravg accerding to guoidenonpositions.

aspherical optical rotator (phase shifter) used for

conpensKig.di? iva drawing¢hawvirigerssceetionsndf an on-axis light

(inclination conmponent) in an optical rotation (phase

s heam) anid sior offteiis dightti bpam Passing tHeoaspimricabfopdical rotators

techni que of . manufacturing sem conductor devices as
aseeshi fers) imithe naodificationl exenmpletofdiiga 2llechni que of

manuf act uri gg a liquid- 25 crystal  display el enent as

a nicrobitgi @8. isest fiovachart oschematically othowmg réeps in an

Invention 11 FP06-0456-00, [ 0026] _Enbodi nents of ,the

pediwstmentvaethiodnofiillnmisatiencepieal appAratumaceerding to the

accqnpanyi ng drawings. .Fig..1 is a draw ng

s@ﬁ@?ﬁ&ﬁﬁ@@ﬁpfth%ﬁmﬁ%%V%mm-gurati on of an exposure

apparatys according o an enQodi nent of .the present .
“hventi i 4 Afga ,owaéark-%egna‘%caébf $19KES sdeps in an
di recti on, of normal tg a wafer Wheing. a

oREIUSIeSt  mathed b aerarding fhe av-laseagﬁ%gtm gxample of the

directj.on parallel to the plane of Fig. 1 in the plane
oﬁmel?@mﬁéﬁ'er W and the X-axis along a direction

I I f Fig. 1] h I f
e o S0 B ol bbb B b OORE s, ef he
ap r(%\:{.us f the % sent 1”i§rrbodi ment is provided
wErTPSHitepas 2Ty HPT 6 T RIBAPRY exposur o

Fig. 26 is a conceptual diagram expressing an overall system of

the embodiment as a view from another aspect different from Fig, 25.

Fig. 27 is a drawing showing an example of a user interface
screen provided on a display in the system of Fig. 26.

Fig. 28 is a drawing schematically showing a configuration of an
aspherical optical rotator (phase shifter) used for compensation for only
a linear component (inclination component) in an optical rotation (phase
shift) distribution.

Fig. 29 is a flowchart of a technique of manufacturing
semiconductor devices as microdevices.

Fig. 30 is a flowchart of a technique of manufacturing a liquid-
crystal display element as a microdevice.

Best Modes for Carrying out of the Invention

11
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light (illumnation light). The |light source 1 used
herein can be, for exanple, an ArF exciner |aser

l'ight source for supplying light of wavel ength of B8%-0456-00

nm a KrF exciner |aser |ight source for supplying

i ght of wavelength of 248 nm or the Iike. Light

emtted fromthe 15 light source 1 is expanded into a
light beam of a required cross-sectional shape by a
shjep26h Embodahentsso £ the presehttingeationvwill def desdribed based
vari abl e phase difference menber 3 functioning as a

quar tthe -awompdrgting draveimgsnd Kigr i lalikea phraseng schematically
di fference nmenber 4 functioning as a hal f-wave plate,

a shepdhgr azeonfigerticay iofi ag ekxposine) appamtes according to an
diffractive optical 20 elenent 6 for annular

i lenbodimendnet the puesent maveatioval lnehig. 1, the@2akisTiseset along
first variable phase difference menber 3, second

var tlapedon mfas aaanral dpen verfer Webeing aphotesmisifive enbsgrate,
constitute a polarization state swi tch as _described

| dherY-agtraloggradirention paraltel toribegrlang o Figi I 1in the plane of
described_| ater., The afocal lens 7,is an afocal system_.
( dhe avates IV ﬂ%Xs%hSeai?ng@tdlgwtqranoanﬁi B-ha‘iff of Fig
posjtion of a front leps unit 7a is approxi mtely

cdi %twanfﬁ{lﬁ ftWon of the diffractive optical

R Bl 0 E0nbt e e presen
rasadigieny tsopRafied Withes TietlHudra ot SiapGEAE amposure
2 RGBSR B RS B R b, fo
G G A ARl B, S BT suiPhiviidignt of
BB BF e, SESLES A8 EBR S Y oppving
SRR 95,6 AEEKES. Bidh i gm e
Sl e TS 4 L BPERN P Barestons
| SHape! 08 shBFif Optical system 2, and travels via a first variable
phase difference member 3 functioning as a quarter-wave plate, a
second variable phase difference member 4 functioning as a half-wave
plate, a depolarizer (depolarizing element) 5, and a diffractive optical
element 6 for annular illumination, to enter an afocal lens 7.
[0028] The first variable phase difference member 3, second variable
phase difference member 4, and depolarizer 5 constitute a polarization
state switch as described later, configurations and actions of which will
be described later. The afocal lens 7 is an afocal system (afocal optical

system) set so that a front focal position of a front lens unit 7a is

approximately coincident with a position of the diffractive optical

12
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Therefore, a nearly parallel |ight beamincident to
the diffractive optical elenent 6 as a |ight beam

converting element fornms an annular light intensi tHP06 0456-00

di stribution on the pupil plane of the afocal |ens

and 15 thereafter is outputted in an annul ar angle
distribution fromthe afocal Ilens 7. A variable phase

di fference unit 9 and a conical axicon system 10 are
diedgmeat! Goandrsmdhat aheeapufiical gasitéon roft hereaptlenalunit 7b is
path between the front lens unit 7a and the rear |ens
urippraxindtelheoaficdant veitls & posttoor iofua giredeteranded plane 8
actions of the variable phase difference unit 9 and
20ndivatedbiyc al dashiedotineyst éhe idrawing. bdndesmarakheal diffractive
later. [0030] The light beam having passed through the
afoptigal eberment isrmade Oy rst@psz@bmpmh@ppromately equal
variation of_ a-val uet&g val ue = nmask-side _nunerical

apter the ewevelengtini okt neesppsw@ lighga(diusinagion dight) in a
nunerical aperture of pr ction opt.i.cal sten) and
twﬂgﬁgﬁtea et ifupgaons t @pgllﬁi ct 88 HiGdeni Ihtg%( Degan i atpdesired
poI arllzatlon rotating unit) 12 to enter a mcro fly's
&lehs (or fly's eye lens) 13. A conflguratlon and

ai{bhﬁ@} Shettaaliyy e biHRsHeD PG of e o &9t anmular
g Eoh 08 BB b TR S0 B B o an
refra ti Vﬁiﬂg)ower]égr aﬁeelg (]% aI l%%&%&ﬁ%&g \gfhen a
C?ﬁ'ﬁ@éﬁgﬂ]ﬁg@t g@nﬁ'@?scoﬁ Jtag{gﬁ g)gglsp%qlo% |1%pbc1gent thereto.
{ bR ésri’ﬁ'%%’ﬁ’eo?m‘%ﬁ&fl%é\%@ b D5 QB P REr Bicfraf 28 aptical
| GBI L ER IRty Lty BBy PERCLE e i

 Eg Pé%ﬂn%ﬁéﬁ%@ah 8" B PRALOr97 LR, Jops 7 and
ottﬁsfe i ke RBhuba IF dﬁx?%nhhyals%%g aﬁmw&méﬂlnﬁlgogfmal

| ens ol eient s rom eac her wever
m|ghe 7f. ! yA%raﬂé%le phase difference unit 9 and a conical axicon system

10 are disposed on or near the pupil plane in the optical path between
the front lens unit 7a and the rear lens unit 7b of the afocal lens 7.
Configurations and actions of the variable phase difference unit 9 and
the conical axicon system 10 will be described later.

[0030] The light beam having passed through the afocal lens 7 travels
through a zoom lens 11 for variation of c-value (c-value = mask-side
numerical aperture of illumination optical apparatus/mask-side
numerical aperture of projection optical system) and through a variable
optical rotator unit (a variable polarization rotating unit) 12 to enter a

micro fly's eye lens (or fly's eye lens) 13. A configuration and action
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lens is also an optical integrator of the sane
wavefront splitting type as the fly's eye lens in

terms of the vertical and horizontal arrangenment offFp(6-0456-00

15 the lens elements with the positive refractive
power. [0032] The position of the predeterm-ned pl ane
8 is defined near the front focal position of the
zoom |l ens 11 and the entrance surface of the mcro
flof thepariabls dilidad medtonedniied? wilé bealestribetl later. The
position of the zoomlens 11. In other words, the
zovrarbefly'slgy&deps hds2an poptiiet eeleimeend q;:bmmﬁgabﬁla lot of
the entrance surface of the mcro fly's eye lens 13
subirascopicilpnses with agasitive refrapbve ipewen amshgednvertically
and, |n turn kefﬁs t he pup|I pl ane of the afocal
| @nel h ny'e lyonjloggeeenalt B mioko dli's sapee lens is
surface of the mcro fly's eye lens 13, The variabl e
opmappsed of atmicroﬁwpu;zleng grevptwhidhvisemadee fgr gsamipde, by
the mcro fly 313 25 and is arranged to be
a @@%%PLQDF 1@]&P al€conj ugate with the pupil
f the a | epns 7 eventually. 14 FP06-0456-00

[ d @ﬁg]lfﬂaaﬁ @pwgﬁemn 2hepele Migrosqapisilens formmathe micro
of nan ulat shape ou heotlcal axi.s AX

syedlgns imgmalier than g ghtlﬁﬁl%ﬁ rpgni feming soHy's @y lens.
|s fornme on th(f ent rance. surf e 3¥E’Ee m cro

f |1}hf's naiezo | 1lyns eve Tepfe i ppe @ 3vh dniGresFepic lenses
{ EeRond ﬁfﬁffﬁc 2. i), arg e ” Tl Evned WihB3F being
ASOETEE Bicin i, oBeF et Fikh 3 S Hlehs %é%&mg of
aé‘s%%teﬁéé’rlg@f %%sﬁﬁ%@"s%%ﬁ%%ﬁ FiPusPeh s Hicro fiy's eye

By i 5 Mo 0 e o i e
d 'tHE '@r n§ @1!1 'tf:nﬁ% of thgtve‘}{lﬁgf & Tl%?ﬂo%h%leé}'?gﬁgétﬂent of

for t source naving d )
! ﬁhﬁﬁ%ﬁ%ﬁt? é%ﬁ?orﬁé%"@fa% A AR, ot beam

| .[8032% The position of the predetermined plane 8 is defined near the

front focal position of the zoom lens 11 and the entrance surface of the
micro fly's eye lens 13 is defined near the rear focal position of the
zoom lens 11. In other words, the zoom lens 11 keeps the
predetermined plane 8 and the entrance surface of the micro fly's eye
lens 13 substantially in the relation of Fourier transform and, in turn,
keeps the pupil plane of the afocal lens 7 nearly optically conjugate with
the entrance surface of the micro fly's eye lens 13.  The variable optical
rotator unit 12 is located immediately before the micro fly's eye lens 13
and is arranged to be approximately optically conjugate with the pupil

plane of the afocal lens 7 eventually.
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secondary |ight source of a substantive surface
illumnant of an annul ar 15 shape centered around the

optical axis AX, on or near the rear focal plane @PQ6-0456-00

the mcro fly's eye lens 13 (eventually, the

illumnnation pupil). Light beanms fromthe secondary

i ght source forned on or near the rear focal plane

of the mcro fly's eye lens 13 travel through a beam

s 0033 T heteforenibrexannenseillominativn fiedd edhahmarimular shape
illumnate a mask blind 16 in a 20 superposed manner.
Aacowrid dhe aptioal ;axis A, imglaratopthagr on atgbopupiﬂrqﬂane rof the
14 incorporating the beamsplitter 14a will be
desesal ens | 7atisrformiedoas |the rentransensunfiace ofithe micro fly's eye
il lumnation field of a rectangular shape according .

t dennéd3shalde gntire sbape |afntis asnudarcHluminasigo fiedd | semdlarly
forming . the pmicro fly.s eye lens 13 is formed_ on the
mySKIeH| (PRENEENE supen zbeichahilmlbﬁffﬁl@ goeiopenstdd. Each

l'i ght beans,havi.ng pasged through an _aperture (light

¢ FRRERRIOPIG denmfonmire the gmhéﬂq saeyeHane 1Bnhate regtgagular
15 FP06-0456-.0Q, blind 16 are subjected t focugi?g
aCTPrSSEHORSITHE 1907 8hepe aF ap fHoRdeldni badorped on

il lumnate the Kk Mwith redet erm ned pattern
+ Ranash M (gvantualsy Aouiape i #b EXDREWS TEEI0R Eﬁ%ﬁm&eﬁ on a

0 tiéa ystem 17 forns an i mage of the rectangul ar
a%@ Lie)of the nask blind 16 on 5 the nask M [0036]

SO0 SH TR LS RSB, R AL Tl 5 v

- ERRPRI bR AT e bt BritRs (O 0Bal h qelifndary

U435 oA o B b g SR P o
5SRO RO 858, 10 SpL LR ok, i, o
pror e S ub e S el SufficP Wi MBogpLof po annular
S%HH%@%%ﬁféit{sﬁeé&usng %ﬁf%@ﬁcap HER! ol bY rR¥aP) i rekP Focal

pattern o ma o each o
plane of the micro fly's eye lens 13 (eventually, the illumination pupil).

Light beams from the secondary light source formed on or near the rear
focal plane of the micro fly's eye lens 13 travel through a beam splitter
14a and a condenser optical system 15 to illuminate a mask blind 16 in a
superposed manner. A configuration and action of a polarization
monitor 14 incorporating the beam splitter 14a will be described later.

[0035] In this manner, an illumination field of a rectangular shape
according to the shape and focal length of each microscopic lens
forming the micro fly's eye lens 13 is formed on the mask blind 16 as an
illumination field stop. The light beams having passed through an
aperture (light transmitting part) of a rectangular shape in the mask

15
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15 exposure regions on the wafer W [0037] Wen a
diffractive optical elenent for quadrupol e

illumnation (not shown) is set in the illum nati @P06-0456-00

optical path, instead of the diffractive optical

element 6 for annular illumnation, it can effect
guadrupole illumnnation. The diffractive optical
el ement for 20 quadrupole illum nation has the

f dlingM 6 are snbjéciad tohfecusingpactiorlof dri ghaghrnophieal sgstem

a rectangul ar cross section is incident thereto, it

f d7nand theghafier ritlansinate the maskuM owmitbfa predetdrmpudepattern

shape in its far field. Therefore, |ight beans having

palseredn,t tir asyiperpesed mianaer.i vNaopelyc the imbgimgoptical system

quadrupol e illumnation forman illumnation field of

a 125fomeirngolagesobihe tentangelangperture of thermaslablind 16 on

illumnation fields around the optical axis AX for

etbepnask Mh the entrance surface of the nicro

FPO6- 0456-00 fly ye len As_a result, t

sé@@ﬁéhp@hg?@rhea%ilﬁwg)paswl é‘ﬁ'ﬁﬁghdf@&o@ gﬁwpmask M
e illumnation field formed. on, the entrance

= Beldicen is Tapde stagtadSotha tﬁ%%ls tthéou%ra fpelactions eptical

of the mcro fl eye.lens 1 0 Wen a

disyEieaR  Ple 19 ﬁ@m CURGRS Pbr I (Bt rpmram%tthenwafer

| ReheteBr g Substratel W Beld, ol aa AP sEige SFSor While the
?W arnai%'g'&ﬁ ndsafverdistapisil c%qe’éﬂglﬁ%ﬁ't cppjrlled and,

wibirerBiz, S ERRE st ﬁi%ﬁﬁlﬁ%?ﬁ@?%éﬁgﬁé&%°°ﬂt1‘°116d
fﬁﬁi@?ﬁf?ﬁﬂ df’s({fi%%ﬁ)oﬁ&tpgﬁﬂi&@%’f 101 e’ SRR AITAX of the

c rolsgR P, oBHERF R &l B o Cor” 353E fpxposure is
i 'éﬂ‘é@té‘@tt{) GBI by ThEds R’ ot Blasp 6 ' Bch of

shape cen ar o axi s
)@@] rface of the 15 mcro fly's
gﬁl\;’e%&ﬁfogﬁlg Whe secondary |ight source

Of[OUB?] When a diffractive opt1cal element for quadrupole illumination
(not shown) is set in the illumination optical path, instead of the
- diffractive optical element 6 for annular illumination, it can effect
quadrupole illumination. The diffractive optical element for
Quadrupole illumination has the following function: when a parallel
light beam having a rectangular cross section is incident thereto, it
forms a light intensity distribution of a quadrupole shape in its far field.
Therefore, light beams having passed through the diffractive optical
element for quadrupole illumination form an illumination field of a
quadrupole shape consisting of four circular illumination fields around

the optical axis AX, for example, on the entrance surface of the micro
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same circular shape as the illumnation field forned
on the entrance surface is also forned on or near the

rear focal plane of the mcro fly's eye |lens 13. FP06 0456-00

[ 0039] Furthernore, when another diffractive optical
element for nmulti- 20 pole illumnation (not shown) is
set inthe illumnation optical path, instead of the
diffractive optical elenent 6 for annul ar
| fiytsreypalémn13it As a fesalt] the sboomahmiyehght someeohf the same
various nulti-pole illumnations ol e
i qhadiupaé oshapec e ptiee illitmination i ﬁalc{) dormped Snntherdntrance
when a diffractive optical elenent with an
apyrfape isialsoctansest eniat near(thet reahdocd] planeef the micro fly's
the illum nation optical path, instead of the
dey¢dens 13e optical elenent 6 for annular
|IIum nation, it is feasible to inplenent one

00384 When aiffredtive opticabelaments foafcclmulanmlhanmﬂtmn (not
of variqQus forns. ﬁ0040] The coni cal  axi con system 10
i shewmpas sat &1 the iilugngiion wpticehipath, Insteag 9%( thes dgifractive
whi ch ces the |ight source side and a refracting
soptigake céﬁ@aa@n@ i1misatees, & catheéect neuaa jiroular

k si de, econd prjs nber 10b, a

léllﬁﬂlﬁ?&&?b t%@ r&f&a%ﬁlﬁ% %@ﬂg‘e ﬁﬂbg@ﬁ ﬁgcgfﬁr @ﬁgmé'qatlon
a, con ni cal shape of ich face e I|
sbasc es.f‘éﬁowlﬂgo Qo ARG a.@#@%ﬁﬁaw 3 hadpg a

the refractin sur.f ace .of ncave on cal .s
PCathReR AR rogs SR BRI ABarsion gt ToMPS & fiet thtensity

AP Ot Bl e R ke TaRELE iﬁﬁﬁﬂ?ﬁ%ﬂ light beam

oRavEte (hssPd r BrBgeRs e ilincdBs "aRticR slemby o f circular

péﬁ@?ﬁ’@i TohRY 43 DLPONARTo, AeRE JToX Riqiuat, Ypt entered
RS L9 oBHEPRETAX. 161 SARSAKCoR APb SRR Mrtoe of the

I"'Sm nmenber rac
SRS AL G&Q ToH0 19T A8 s AP ReCondaly, ﬁﬁﬁf’g‘&’f of the

S¥ahftMeAluRR e 26 1heNIRIniAG0ACAEld formed on the entrance
surface is also formed on or near the rear focal plane of the micro fly's
eye lens 13.

[0039] Furthermore, when another diffractive optical element for multi-
pole illumination (not shown) is set in the illumination optical path,
instead of the diffractive optical element 6 for annular illumination, it is
feasible to implement one of various multi-pole illuminations (dipole
illumination, octupole illumination, etc.). Similarly, when a diffractive
optical element with an appropriate characteristic (not shown) is set in
the illumination optical path, instead of the diffractive optical element 6

for annular illumination, it is feasible to implement one of off-axis or
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lens 11 wll be described below wth focus on the
secondary light source of the annular shape or the

quadrupol e shape. [0041] In a state in which the FpP06-0456-00

refracting surface of the concave conical 20 shape of

the first prismnmenber 10a butts on the refracting

surface of the convex conical shape of the second

pri sm menber 10b, the conical axicon system 10

f imodifoedsilheninatlonsec fpearadbhieformsat e and has no ef f ect

on the secondary |ight source of the annul ar shape or

qUadAGb oI le sompeal axrooed sy stenevE)d | is wempobed reff madirshgrism

surface of the concave_ conical 25 shape of the first )

prinembesritflara phuei of which éareaphe tight sourdeesidefanaka refjacting

surface of the convex, conical shape of the second

priusfaceepibe congaye cogiqabebapas which facestheimask side, and a

di ameter (inside _dianeter) of the secaondary light |

sdgeerd grismangaher akOks paplens rofgwhirh fates él@a@@skaﬁidéémd a

whi | .e keepi ng constant the w.,dth of the secondary A

| iTgHEcEBg @@%%e ohed SARVERrCHHEpeshape @ dWﬁJffél dacesnthse light

(half of .a differenge be en the outside dianeter apd .

{ (ROURS S, STPFIE BB 0 HEhinMONTEe %@@on&g&eﬁ thegﬁeﬁactmg
a dianeter

. hal.f of di fference be e
( U B s eansavegronicel yane of i et midn membss 10a and
d J 1 ght f dr upol hape d a .
o R SAC g EAC P h Ha¢ SOPVER Comiralcianenek g sacend prism

r ADPB ntdre e SR cob T mantany S ol bg able to

¢ At R 0B OpdsChag A BRE RERE st A m BB A9R Snd the

BT A AEEER 5 A SOhB hica
TP P TR L R Rt
| ReSUEISREr AP OF R RS M0 Y g
Sl PR ShucASHHSUR IR il LS member 10
The action of the conical axicon system 10 and the action of the zoom
lens 11 will be described below with focus on the secondary light source
of the annular shape or the quadrupole shape.
[0041] In a state in which the refracting surface of the concave conical
shape of the first prism member 10a butts on the refracting surface of
the convex conical shape of the second prism member 10b, the conical
axicon system 10 functions as a plane-parallel plate and has no effect on
the secondary light source of the annular shape or quadrupole shape
formed. However, when the refracting surface of the concave conical
shape of the first prism member 10a is located apart from the refracting

surface of the convex conical shape of the second prism member 10b,
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size (outside dianeter) of the secondary |ight source
both vary, without change in the annular ratio of the

secondary |ight source of the annular 20 shape or FpP06-0456-00

quadr upol e shape, through the action of the zoom |l ens

11. In this manner, the annular ratio and size

(outside dianeter) of the secondary |ight source of

t he annul ar shape or quadrupol e shape can be

ctint ootdide digmieber @osidendianfeteileof thd setomddryoliglsty stawe of
10 and the zoom lens 11. 25 [0043] The pol arization

mbing aonuleg shepe oovjudddupdlershape vaeres while tkieeping danstant the
di sposed in the optical path between the micro fly's
eyadileod the sepandary lghtsouss-abthet srenzlandhaperor quadrupole
optical_ system 15, and has a function of detecting a

pshape fhalf of & dififeresce; briwgent thei eutsideodiameteb @audh the inside

splitter 14a, In other words, whether the .

i diametest obibei gmulep serendaryk lighti saurcey halivefea difference

eyentually),is in a desired polarizatjon state (which

i ¥>e§W§@h deftaneten {putsidy) daamgtesdiofra girgle cacumscaibed to the

detected o n as-needed basis,, based on, the, L.

deeeRndan Dbt ousge pol: Feppersidt o diameter (inside

[0044]  Fig,. 2. s a draw schematical | y show ng a

| SRETRET) OF Grfir o BBV o $he,speandatyi efcsaired).  Namely,
suri section.in ,Fig. 1, In th resent . .

e RBo AP alie (IR diamipicg oussidertiomisrey andahe s (eptside

hal. di n 0 the wafer I S, prQvided Wt he

oOREPREs] | oh Geacechaay (IRJe s6RTosn ofs the opnmalas shage or

the pol arization state of illum nation |ight (exposure

I ?]&ﬁ.ﬁ{ugq}[a ﬂfalﬂBeN&F%r W The pol ari zation state -

i S .O picnhol e nmepber .40, t hat can
pa00upl deoREPRRIERS 1Boha 4" ST VB gy (BMarkl or
e r.f 0 e r r s
;PR A bodrd” gt e ndnS B solkes of thgnnular
o oati curd . ILigh
R hAbe SPh R eTBRe: T diexafifls, Wherf the BRI of the
TBEBRL 14% 113 Snerddiea|§BnP aRlihintRin 12 Sittiefdmiified value,
becone a nearly

the entire shape of the secondary light source of the annular shape or
quadrupole shape is similarly enlarged. In other words, the width and
size (outside diameter) of the secondary light source both vary, without
change in the annular ratio of the secondary light source of the annular
shape or quadrupole shape, through the action of the zoom lens 11. In
this manner, the annular ratio and size (outside diameter) of the
secondary light source of the annular shape or quadrupole shape can be
controlled by the actions of the conical axicon system 10 and the zoom
lens 11.

[0043] The polarization monitor 14 is provided with the beam splitter

14a disposed in the optical path between the micro fly's eve lens 13 and
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parallel |ight beamand the nearly parallel |ight beam
is reflected by a 20 reflecting mrror 42 to enter a

relay |l ens system 43. The nearly parallel |ight bge-0456-00

havi ng passed through the relay |lens system 43 then
travels through a quarter-wave plate 44 as a phase
shifter and through a polarization beamsplitter 45

as a polarizer and thereafter reaches a detective

s h¢ aemndimsenfoption] diystersi dbalandChad6a fmctionpof detecting a
the 25 two-dinmensional CCD 46 is supplied to a

c polanzatéon tase athinegenttlight dméhlsegeamv@lpﬂtfat ¢444 i other
arranged to be rotatable around the optical axis, 20
Foecds4 yehagher theiillumenation light deo thetmasly M{(ianghe wafer W
rotation around the optical axis ,is connected to the
qexengrallypy és pinatae desireflopobgrizadion tsateddyhdehois a concept
pol ari zation of the illunmpation |jght for the _wafer

WR g oni wpelpgzed ﬁtatghi%dﬁtﬁe,ted AB anas-heedeg basis, based
plate 44 is, 5 rotaged around the opti.cal, axis via the

S on e dﬁie%fé%ge&lﬁ%xrtbe polargzatiommasstan4i st ri buti on

o e 5 2 ot o1 : SR e
 FOBREGhER LA BOEBAUGA S MaREIRE secidh inBigba In the
et oAl R LS 28 S N R g
S oGV e BE BT B L5 BB S5 Egion 18
(iR e, PR e o T HBSR, G Coppsure
¢ i) S0, SRTRAIAG' (LB} il TRk B HE Bitind 8 hes
% | ﬁﬁ%‘@g‘?@%’i@f roac_ | %’lgﬁe?é %’&%ﬂg?‘%sggh%ﬂ%@éﬁe%& level
SR et RO ol Ll TR0 0
it AR Rl g e\ e kg
section 18.

[0045] Light having passed through a pinhole 40a of the pinhole

member 40 travels through a collimating lens 41 to become a nearly
parallel light beam and the nearly parallel light beam is reflected by a
reflecting mirror 42 to enter a relay lens system 43. The nearly parallel
light beam having passed through the relay lens system 43 then travels
through a quarter-wave plate 44 as a phase shifter and through a
polarization beam splitter 45 as a polarizer and thereafter reaches a
detective surface 46a of two-dimensional CCD 46. An output from the
two-dimensional CCD 46 is supplied to a controller (not shown). The

quarter-wave plate 44 is arranged to be rotatable around the optical axis,
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20 this tinme, the polarization state measuring section
18 detects a variation in the light intensity

di stribution on the two-dinmensional detective surff0s-0456-00

46a, and it is thus feasible to neasure a distribution

of polarization states in the pupil of the

illumnation light on the basis of the detected

di stribution information. 25 [0048] Incidentally, the

pahdrd geftérot/ Somsettimgaan angle of cotiationi@ovad thesapticad eixis is

a half-maveéﬁlate as a phase shifter instead of the

qeaennecteddedhe quastermawpphto496- 00 44. \What ever

phase shifter is used, it_is necessary to detect the

va0046] d¥hem the degreshof pelanization af the ilbumiratiom lighe for the

detective, surface 46a in at |east four different .

stwafes Wr iy netdhnethipc Heny ke rquastarveavepjate 44 is

around.the optjcal axi s hetween the phase shifter and _,

t Fetatest Ao the optanad r st Vianthse setterpfy (30 8S 49) vagy Bylight

retracting,.the phase shifter, or the polariz fromthe

o PRICREILY p AHSH] buion, e ndgstive: _earféaat phnibe. two-
[ t he .f our , St ok taneters of

" s shof Uy o SERTe LA ciRe ROIEAIThrgRls rocesuring
- Soihin il%id%%?%ii{e' YggioR ifl e ﬂf@jﬁp@%f 552 dishbutigh on the
i cHie Y . SSiH
R L AT G
oFh¢ PRkichh aRisudy Bimsid S SR UL I el IR Hhgasure 2
E8HCEnE RS . . .

i Ste (OGRERCL balaHACRR B Hicef beplimeters 51, S,
PP Rt BEHE e ﬁﬁ??%?fé@ %@ﬁ’%{%@%@%@ﬁ%ﬁaﬁltb@ the
| OO e BpEAME mdhbaTL 0, ol e heacur i ng. sect | on 18,

HIS087] e’ sbtatihe CRRIRGISIOAANBH 1" esEiibeE; ' Hetail, for
: réx%ﬁigﬂecsiﬁe Ts8hGe tPéndiP! 6f I 2 é]‘?ﬁlﬁ?#lli'@d dﬁg%&lﬁf Obtical

the 20 reflecting mirror 42 is nari |
U IEngiRa&4IeRERL SHisgljitRy Communications. Practically, while the

pinhole member 40 (therefore, the pinhole 40a) is two-dhnensibnally

moved along the wafer surface, the polarization state of the illumination
light is measured at a plurality of positions in the wafer surface. At
this time, the polarization state measuring section 18 detects a variation
in the light intensity distribution on the two-dimensional detective
surface 46a, and it is thus feasible to measure a distribution of
polarization states in the pupil of the illumination light on the basis of
the detected distribution information.

[0048] Incidentally, the polarization state measuring section 18 can also

use a half-wave plate as a phase shifter instead of the quarter-wave plate
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the pol arization state nmeasuring section 18 is
conpensated for based on the effect of the

pol ari zati on characteristic of the reflecting mrrd&P06-0456-00

42 on the polarization state by necessary

cal cul ation, whereby the polarization state of the
illumnation |light can be accurately neasured. In any

case 25 where the polarization state varies because of
ardd.ot Whateper cphasec shifterens , usedy. it & Inecessarfiato tdetect the
reflecting mrror, the nmeasurement 22 FP0O6-0456-00

r ecariatiogam ghe dight intensifysdistribitben iom theedetactiveanwface 46a
and the polarization state of illumnation Iight can_
benaalc Lﬂa@? doyr deHerandostatespdol exempdec bybehangiogethet relative
pol ari zation state measuring section 18 s used to .
nedgle arewnd the eptigak wes hetween the phase shifter and the polarizer
poJarizatjon) in the 5 pupil of the illumnpation,

| idyﬁlaﬂzﬂthrh Ry whwraﬂg) 105 Rieretracting the thase ishifter or the

illuymnation Light is in an appropriate pol arizat.ion
stpalariper fRan H@F‘ppptlcahmtha%oﬁ%ret@cmp@@éreeth@mﬁa@mtmn state
shg t he cponfi gupat.i on wherein the ol ari zati on

st h6urthe JOYESTAksS PaTamsted Wdight ached to the

s 0Bhgn e E’é‘%’ﬁ\s@é %E%bédljgé O%ﬁét%rﬁ%é fe Thkite ; f; Btetwave
0 B oo B et o1y o
V39, ARt S ROVERYAC vl thg potatizatian hs%sﬂi%erh 45 as a
orfEer FLRSGITE Brould sy %ﬁ%ﬁg B ng S i3 fyerein
oot PERRCH R G R Pofarass BOF0RR rORRES hréid the opical
[kdigo] Inftead dFARE BheRATREIANCA IR S i€ dperdliéet) one or

COBRSER] o Bl 2REVEHAY £ 58 Rl fc? BB larization
o SR RRIRT ks BBz plODn SN ilEndlor regrted from

angle %ﬂﬁﬁlﬂ%aﬂﬁvi ation prism2lc are made of rock
crystal as“a birefringent

[0050] In the polarization state measuring section 18, the polarization

characteristic of the reflecting mirror 42 can change the polarization
state of light. In this case, since the polarization characteristic of the
reflecting mirror 42 is preliminarily known, the measurement result by
the polarization state measuring section 18 is compensated for based on
the effect of the polarization characteristic of the reflecting mirror 42 on
the polarization state by necessary calculation, whereby the polarization
state of the illumination light can be accurately measured. In any case
where the polarization state varies because of any other optical

- component, e.g., a lens, than the reflecting mirror, the measurement
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crystal material. The first deviation prism 21b and
the second deviation prism 2l1lc have their respective

wedge sectional shapes supplenentary (conpl enent al®P06-0456-00

to each other. Furthernore, the 25 crystall ographic

axis of the plane-parallel plate 21a is set to be

perpendi cul ar to the crystall ographic axes of the pair

of deviation prisms 23 FP06-0456-00 21b and 2lc.

[ oead} camdralso nge neampetsateds fiomi)y, the gsgma mamereard the
head is arranged to nove the first deviation prism

2 polamzatiorestete of dlwmmnatiomhghbean be2tcuratelt measured.
each_other along the Z-direction, or to nove the 5

f 1002 1Hé\s desaibast above theapolatizetionctale meeswingsection 18
prism2lc relative to_ each other along a |ine of .

| A3 eed 4o imeageibepaladzatipa séates(dsgeee of meladzation) in the

the YZ plang. The Soleil conpensator_(2la-21c) shown

i PUpPH; ¢f the ]él)mméﬁioé\blllgthtyf%é'lr{EQ Véaé% Wiand: t%é@é@nme whether
di fference bet n.inci-dent light apd, energing |ight .
adlae i fuREngtion éf 3 ANAOPTIAh BOST14aRO1f $tﬁg€t mlale pupil.

B b i SRSV s BE afon Shren
A s SR A et
ol B, BT, BB BAR el SO HIELB  ve
pobSp 50 B eiiatl E U0 S BEGRURAR ot
< SRR BB BB RS WSt "amch 'otvfﬁe?’.e gfe -
. ’ . , .

10057 T, L8, dB Rhe L ROEaRDif it ile LBEFELESlons for
LS BB e AR AR URARER BRI B presnt
MeSOoEhEnthegH fﬁé p"f‘és{sﬁ‘ﬁ gé'rﬁbbﬁiﬂgﬁF L8, e fe first variable

a‘and t devi ati on

deviation prism he secon
phase difference member 3 and the second variable phase difference

member 4 is constructed as a Soleil compensator shown in Fig. 3 (a), or
as a Babinet compensator shown in Fig. 3 (b). The Soleil compensator
shown in Fig. 3 (a) is composed of a plane-parallel plate 21a, and a pair
of deviation prisms 21b and 21c¢ in order from the entrance side of light.
[0053] Here the plane-parallel plate 21a, first deviation prism 21b, and
second deviation prism 21c are made of rock crystal as a birefringent
crystal material. The first deviation prism 21b and the second
deviation prism 21c have their respective wedge sectional shapes
supplementary (complementary) to each other. Furthermore, the
crystallographic axis of the plane-parallel plate 21a is set to be
perpendicular to the crystallographic axes of the pair of deviation prisms
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prism22b relative to each other along the
Z-direction, or to nove the first deviation prism22a

and the second deviation prism22b relative to 25 ¢96-0456-00

other along a line of intersection between the opposed

sl opes and the YZ plane. The Babi net conpensat or

(22a, 22b) shown in Fig. 3 (b) 24 FP06-0456-00

variably yields a substantially constant phase
di2flbearmh2&cbet ween i nci dent |ight and energing |ight
according to the relative positions of the first

d¢0054] b driveg 2Reamdnoteskevnnd algyi at miorgmietan h2bd is
though it is somewhat dependent upon the incidence
pastangsd tofmovgthe dirshdeviationsprisnii 2 By aind the [socand denition
present enbodinment adopts the follow ng prelimnary
agjrissn it relativote eashnother alongethe%agrmlcapmm mnve the
the first variable phase difference nmenber, 3 is .
sitigt devissionderism 2 suddhersgcpnd deviation prisaed1c relative to
yi el ded between ingideng .Iight and_enmerging |ight, and

i each athersaleagsa hﬂ@toﬁt H@t%%@mimﬁ%c&lﬁ oppgeed slopes

| Rugred and the Y 7epinnel o Lheaalell po@pensdlor (ki lch g in
SR 3 T BB St AL s pcicen
ST, EakainEs 1B 6o ding Pribeot IRRY RGPS Of the first
Lo I ! BTSSR LR, Febon
I L EhAREE: b 030 ReEobEhlarhc R e o 4
I DPSE358 PR ik e SRR S8l B e 3
O PRI Bl o AhFh 0 25, D RcBB A priom
o2 SygBRen ogGEaRe, RSy PRI AT debinion
PSR 25 SO BRI FRBEEOAS L B of ok ryl
ORI G2birRfShEEnt c#Pétal material and have their respective wedge
sectional shapes complementary to each other. Furthermore, the
crystallographic axis of the first deviation prism 22a is set to be
perpendicular to the crystallographic axis of the second deviation prism
22b.
[0056] A driving means (not shown), e.g., a micrometer head is
arranged to move the first deviation prism 22a and the second deviation
prism 22b relative to each other along the Z-direction, or to move the
first deviation prism 22a and the second deviation prism 22b relative to

each other along a line of intersection between the opposed slopes and

the YZ plane. The Babinet compensator (22a, 22b) shown in Fig. 3 (b)
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the depolarizer 5 and are set so as to be integrally
rotatable around the 25 optical axis AX. In this

manner, the first variable phase difference nmenmbefF™6-0456-00

as a quarter-wave plate is rotatably arranged around
the 25 FP06-0456-00 optical axis AX and converts

incident elliptically polarized light into linearly
pol ari zed |ight. The second vari abl e ﬁhase difference
lyi yields hal substentipllyt eonstantt phags ydidferangedbetween

around the optical axis AX and changes the ..
poneidentlighh agidr emergingofighhacernding itashel selassveapogisions of
5 light. [0059] On the other hand, the depolarizer 5
i $he %\ﬂgtt dersatiendyism 22 angd the sgnashdexiediop grisn 22b though

rock crystal deviation prismand a fluorjte deviation
pit mqmewgiat deneadsntaapem the ingijlense m@aug@rsﬁgbggt afong the
cmemant ary to each other, which are not shown in
t €§WPRg, and is set to be 10 retractable fromthe

R b TR e B et
ref.erence n. be made, [for. exanple, to Internationa
SO DRGTE Vaoamier g3 the S X o8B EPRABHUSHDS) ifgh variable
Eorce Qedisth Kr.F .exci ner Ias]r I'ght,h slo:iéﬁfa
oPPERE GETER RpmPsL F ﬂﬂ%&&bﬁ&&dt’@%ﬁ@%ﬁe ¢ phase
T SART, SASRE e OB B i W i
Ipi I IoI r"grgl' ht & inide’nt th f]iigr
vaRided S5 Bat “Be: phith TRt 9T il d8 2 Gier, of the
| PRSIEART AR B 180 BE el B¢ A bRl rilaRfifforence
| bR 3, St DL PR AR GO 88 AGa B Ee plate'® Similarly
e : : ; .
" TR PRt YT g0 R PP, e e, yoripbls, phase
0 BSRaAICl  Ell5ck 198 Bt e
E’ _i%@eé%e?t@&gbfg%{égt’immg)%ﬂ ael:lt?iegliﬁiﬁ‘gg% 3@&9&11& s Pietiffinarily
adjusted so that the phase difference is equal to a half of the wavelength

A of light, i.e., so that the second variable phase difference member 4
can accurately function as a half-wave plate.

[0058] Then the first variable phase difference member 3 adjusted so as
to accurately function as a quarter-wave plate and the second variable
phase difference member 4 adjustéd so as to accurately function as a
half-wave plate each are positioned at their respective predetermined
locations in the optical path between the shaping optical system 2 and
the depolarizer 5 and are set so as to be integrally rotatable around the
optical axis AX. In this manner, the first variable phase difference

member 3 as a quarter-wave plate is rotatably arranged around the
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25 polarized light is incident by virtue of total
reflection in the right-angle prism the incident

light of elliptic polarization is converted into FP06-0456-00

linearly 26 FP06-0456-00 polarized Iight and the
linearly polarized Iight is guided to the second

vari abl e phase difference nenber 4, by setting the

first variabl e phase difference nenber 3 as a ) .
qoptitelr awisv AX| atd canhvartpriadadent nélhipticallyupalarized light into
position around the optical axis AX with respect to

t himearlyipdarized dighitpt iThel secopd| variahdd phiaghtdifference member
Furthernore, the second variable phase difference
nérdsea halhwavetplate iranasapibdy arrangeét arpung thegoptieal axis AX
angul ar position _around the optical_ axis AX wth )

r angechangest the ipadareation jdiecation qioingidentd linegrly, polarized
whereby the incident light of linear polarization is
cbghdrted into linearly polarized Iight having the

pol arizatiqn directigon 10 along a desired direction,
ab@039] Qn ém eider handy theidepplarizes p 1§ copstryciedas gn integral
the diffractjve,optical elepgent .6. [Pp062] Wien the, . .,
dPpisMuRssEaRbly oka rockerredal deviaton IriFm ahe gk dgyiation

e o e 5B S5k e pplementay to
5o S NEEPEEL R TS ) 67 bR s s o v
SRR BT Denl B, s e i
OB RS & el DA B IEh 2A mace, o
g G BRSPS R PR

"S53 B B B SOV R S syt
Ssoefid 9P XORGR) MUER DScpalat S8 5L U from

r %é&ﬂiggtt gé,%% &epi'b%ﬂg;ﬂgﬁgllxk ?ﬂgl&ﬁ’ﬂtﬁﬁ{ ﬁlﬁ%ﬁé& 695498t more,

t he e rence ne 3 as a

LA TR 5o HERRA O AR s
difference member 3. However, when a right-angle prism as a back
reflector is interposed in the optical path between the light source 1 and
the first variable phase difference member 3, the linearly polarized light
is converted into elliptically polarized light by virtue of total reflection
in the right-angle prism unless the plane of polarization of incident
linearly polarized light agrees with the p-polarization plane or s-
polarization plane.

[0061] In the polarization switch (3-5), for example, where ellipticaily
polarized light is incident by virtue of total reflection in the right-angle

prism, the incident light of elliptic polarization is converted into linearly
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are set at the predeterm ned angul ar positions around
the optical axis 27 FP06-0456-00 AX, linearly

pol ari zed |ight having the polarization direction FP06-0456-00

along a desired direction can be made incident to the
diffractive optical elenent 6. Wien the first variable
phase difference nenber 3 as a quarter- wave plate and

t he second vari abl e phase difference nenber 4 as a
hadofariBedvingdt @nak ‘dleegnbaﬂyq)@larizad lighe isr gufieledr o thedsecond
angul ar positions around the optical axis AX and when

t aradbe iphase ¢iffsrancei memberdd; by tsetting Itheifirstivariable phase
optical path and set at the predeterm ned angul ar
pelifferance member 3 Ae aopiarterst waxe platg atld pradetermained angular
unpol ari zed state can _be made incident to the L.
dipositzen | aeusgt ithel opliedleaxis. AX) Wwibsagspaet otthdhe incident
words, the pal grization state switch (3-5) is able to

swilkipticalhe pRlpared dlighth skarthesporgethenseaend vamable: phase

s nton i SHaEhF i mid angue
DRSO ATORR G o PP SAR IS koW oS Ed Cegnci g inearly
o B BEAC RSt B8 s 158 R b PSfarization s
D3Rl o HhabS B UBE R dirorizaontyection
AP BB o A LR IO 78 TpOIAITSes o Shfigectly
! i bl QAR a1 ool BL T he Soi e 1 compensat or

F UROb2E Whsh o, SORBERRALS in dscrld B ARSI optical
DR 0 e R R S5, S SO B QAR ot
F Ritton pRGw RN SRHRYBAR AXCyHh 3BopEt MUPHRIER tinearly
vv*p%ﬂaﬁE@dza g, ﬁ%rﬁcic{%gf%ﬁ;ﬁﬁggaﬁaaﬁzbﬂoﬁ h§ BRVERRY into

elenent s ane- para
light in an unpolarized state (or depolarized) to enter the diffractive

optical element 6. On the other hand, when the depolarizer 5 is
retracted from the illumination optical path, the linearly polarized light
from the second variable phase difference member 4 is incident directly
to the diffractive optical element 6, without change in the polarization
direction.

[0063] When the polarization state switch (3-5) is so arranged that the
depolarizer 5 is retracted from the illumination optical path and that the
first variable phase difference member 3 as a quarter-wave plate and the
second variable phase difference member 4 as a half-wave plate each

are set at the predetermined angular positions around the optical axis
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28 FP06-0456-00 deviation prisns) constituting the
vari abl e phase difference nenbers (3, 4), they can be

used after adjusted each so as to accurately functiFPD6-0456-00

as a quarter-wave plate and as a hal f-wave pl ate.

[0066] Therefore, the illum nation optical apparatus

(1-17) of the 5 present enbodinent is able to

illum nate the mask Mas a surface to be illumnated,

wAX, llingarlyi polarizesi light faivang zhe i polagratien dired¢tbon along a

substantive influence of manufacturing error of the

ogesirad dirastiom ean be raada incident toths) didfmstive wptivgl element

optical menmbers (3, 4)_ functioning as wave plates. As

a br esWhen the fuspystieble phasatdiffefanogsmasnbend a9 a quarter-

present_ enbodi ment is_able to perfgrm good exposure

uiste plate apg the seeand veriahlephassdifisnencs siembey 4@s a half-

the illym natjon optical apparatus ([1-17), for .,

i MaNG REAME (fR r%rerﬁ@,katmhgepreéﬁtewgdrm@dar positions around
n a desld' pol ari zati on

isI 3 renéﬁ]t? t gm}lvsmut Lg‘gt\b’b@ndg& erﬁgfwertﬁelmmemch in the
PSSt il Jats gt aioie edElSTRiBRd G e position
i Biicel i X o et i o, D Teprencl e dan oo, nade
wdRREREI T SEEhR e PPUEELER e oresent. i nvent i on

oa0064] T8 ABEF wBrS, thsphftiAstichh sl i BiP dh able to
oadicHithe JSARERRIGHDRLE & diy Snelient ept 2ol B fjfiractive
oRptical g1phieat & (<RRhkaAly. P st Mgy B BF Tight o
a%nﬁﬁ;naﬁggécme%aggz M AAE e Faflr WU RERNTY finBhR bBI AT htion

1
as a nalrt-wave ) aseda on nmeasur enen

r Qgtbt ahhﬁsgclﬁl'bafirzleaaéthfén Sk e 'Eﬁgé W ﬁﬁﬁéé] @rﬁée?{?zation

It Ts also po e to adopt a configuration

t Reat¥ 27t 118 osibIa SRr ExhhiI. NS sHRIFAH twel mutually orthogonal

polarization states (between Z-directional polarization and X-directional

polarization).

[0065] As described above, the present embodiment uses the variable
phase difference members (3, 4) for variably yielding the phase
difference between incident light and emerging light like the Soleil
compensator and the Babinef compensator, as the optical members
functioning as wave plates such as the quarter-wave plate and the half-
wave plate, different from the conventional technology of producing the
wave plate such as the quarter-wave plate or the half-wave plate from a
single rock crystal plate. Therefore, even when there is some

manufacturing error in the optical elements (plane-parallel plate and
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FP06- 0456-00 (3, 4) after adjusted to function
accurately as a quarter-wave plate and as a hal f-wave

plate are further positively finely adjusted so asFR6-0456-00

permt the mask Mas a surface to be illum nated and
thus the wafer Wto be illumnated with light in a
variety of polarization states. 5 [0068] In Fig. 4, a
controller CRis arranged to receive the neasurenent

r deulaticn prismise cpoktititing thenvariable phmas uhifferpreeanembers (3,
18, to control the relative positions between the

opYi dwly edrehemised @ftexn-agijusted Zach2pbgs inacauretalyfineiien as a
phase difference nenbers (f3, 4), and to adjust the
plquederavaveplate endmsunalIvyavdplafar i abl e phase
difference nenbers (3, 4) so 10 that the polarization

(Vb heneoneo o Shuminanen vapecppase v (dd), 06 the
a@m@r@@mbwg@@ﬁ, isgﬁﬁ t%ﬁuﬁéna@ heemesk dYlasg surace to be
! Sinmingieta Wit lighi thodt Savrerd pelasization ; date,o without
L PHPuRBHIE AOMse 05 MENUMUERS S0t ot the Opical clements
F B RTIR) 32 2087 constibiig e gplied il Gigiong) functioning
oB WA, plakds,y An & Yebnl s RS sl W't the
Py Sdst? ehiBogimene 6 G, 8 bR St el Ninder an
- SRpLtif My RinaREl, (Gt MibE sk r iftirifatian  gptical
L epppbhts (ol D, LI IRR Y radek B Vet Yl Surfuce to be
o tifthted) iRl BEfic b8 dRE ndirizafe stafe 15 1- ¢

AAROPT) TR bl o o SRR BR itk dEnpy members
" {3} 4B are HicRtPoRged i e NIRYAtATh BftibAH ot Fer Bhchof them

is singly preliminarily adjusted by measuring the phase difference and

controlling the phase difference to the predetermined value (a quarter or
half of the wavelength A of light). However, the present invention does
not have to be limited to this configuration, but may adopt the following
conﬁguration, as shown in a modification example of Fig. 4: the
variable phase difference members (3, 4) are incorporated in the
illumination optical path and then the variable phase difference
members (3, 4) each are adjusted so as to function accurately as a
quarter-wave plate and as a half-wave plate, based on the measurement
result by the polarization state measuring section 18. It is also possible

to adopt a configuration wherein the variable phase difference members
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optical rotator unit 12. [0071] Wth reference to Fig.
5, the variable optical rotator unit 12 is conposed

of eight variable optical rotating nenbers 12a, 12BFP06-0456-00

12c, 12d, 12e, 12f, 12g, and 12h arranged al ong a
circunferential direction of a 5 circle centered

around the optical axis AX. Each variable optica

rotati ng nenber 12a-12h has a contour of a sector

sh3pd) altenadiadtedyto RBupetionactivatdlngs alpmartersvave pbage @and as
around the optical axis AX into eight circunferential
segmifivaveaptate ey fuatheripesitvely finaljasdnisged so as to permit
configuration. Wth reference to Fig. 6, each variable
ophe saask M asisngunfocenserhsr ilhmainated iandcdrasotheawaferaW to be
pair of deviation prisns_ 23a and 23b_, made of rock

cijemanated with dightdala variatyiof palarigatpnistates.act i vity
{10068 e e %éﬁé&lgggﬁ%%%&& Fepcive fhe massurement
S e RSkl TRES s Batrecim F 3> conol tho
OB ns b e A S SEIGHS BT e, 220
R T g
AoV b A DR SRR B 0% so
s
0 o b Bufilibfied GEUHEEH RBHASHET, 5L Snd The second.
7089} 9B, oo dbimbidh efefir Sfristl MénRbpdbribine the
Aol AR e RASOL 4re ELAOL ou,

133 Hah haRA¥ o' te ﬁhﬁtecﬁtavﬂﬁg,a@ic% é‘%@é}&?%l%}lent in the variable

pol ari zation-rotati on angle t'o I nci

f@@s@‘&éﬁ‘e{?@m' Rffdry (B0 |4? E{ééf .Cbrés{’%% of§ Wk ehP crystal

relative positions of
material, e.g., magnesium fluoride or calcite.

[0070] Fig. 5 is a drawing schematically showing a configuration of the
variable optical rotator unit (the variable polarization rotating unit)
according to the present embodiment. Fig. 6 is a drawing
schematically showing a configuration of each variable optical rotating
member forming the variable optical rotator unit shown in Fig, 5. The
variable optical rotator unit 12 according to the present embodiment is
located immediately before the micro fly's eye lens 13, i.e., on or near
the pupil of the illumination optical system (2-17). Therefore, in the
case of the annular illumination, a light beam having a nearly annular

cross section around the optical axis AX is incident to the variable
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devi ation prism 23a and the second deviation prism
23b. The optical activity (rotary polarization

characteristic) of rock crystal will be briefly FP06-0456-00

descri bed below with reference to Fig. 7. Wth

reference to Fig. 7, an 5 optical nenber 100 of a

pl ane-paral |l el plate shape nade of rock crystal and
havi ng the thickness d is located so that its

coptical refgtermpmit 13xi s agrees with the optical axis

AX. In this case, the optical menmber 100 rotates the ]
pd0aY 1} Withrredereneei tonFtg. S.nthedwatiablenepticgl pasatori weid 12 is
light by 0O _around the optical axis AX and the '
e60Pered ofgight yarigbleneptacalgosating memberst ayd2dy 16, 12d,

i Ben1ats 1A, andel ) aranged, GPRe; b isRIeeniial directon of &
St R af S5 e, PR S80 B8 Dol i
R AL B AR ST A B b
el S0 iy . SR S 1
PRI EBRIASAa  U) BolE , bn
OB SRAPa e VAL el SiBEs By B, cgho BiAHIA orical rotating
el d 265 TR G LoubRSed R BAR ol yin S pisfidgaa and 23
HAGE g S5 BP G5 o2 Y uPoBlehCiliyiny oy
lﬁliﬂgﬁoﬁ gﬂ%r%lgté:ﬂiﬁic)s is a draw ng schematically

é OW Ng a sec ary I'Yght source of an annul ar shape

STDQT2L I, ST APk e Aok, SRR B HRh prs

CPTE ey oRRO A R oo o BiERRary o

MRS g B0 PRI It

I @ledfatioh PRELA Bn Cdnd Nghel idr§btaidpraiHieN axis of the second
deviation prism 23b both are parallel to the optical axis AX (i.e., parallel
to the Y-direction). A driving means (not shown), e.g., a micrometer
head is arranged to move the first deviation prism 23a and the second
deviation prism 23b relative to each other along the radial direction of
the circle centered around the optical axis AX, or to move the first
deviation prism 23a and the second deviation prism 23b relative to each
other along a line of intersection between their opposed slopes and the
plane including the optical axis AX.

[0073] In this way, each variable optical rotating member 12a-12h

shown in Fig. 6 variably yields a polarization rotation angle to incident
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prism 23a and the second deviation prism23b are so
set that when linearly polarized Iight having the

pol ari zation direction along the Z 5 direction is FP06-0456-00

incident thereto, they output linearly polarized |ight
having the polarization direction along a direction
resulting from+90 rotation of the Z-direction around
the Y-axis, i.e., along the X-direction. In this
cdreariyhpokirized, light guwioadigate dhe delattd positiorisi ghithe first
beans passing through a pair of sector regions (or .
ardewiateon pyison2Pand Hiel sedend deneadiday prisgh23b0 bEagreptical
subject to the optical rotating action of the variable,
opclivdly (reteypolgrinathdre charricnsitc)1ferocknenystad nwill be briefly
secondary |ight source 31 shown _in Fig. 8, is the_,
X-d@ﬁﬁlébﬁg deloyoaith) refergneartpdbige 7o pth"a1 referendentp Fig. 7, an
menbers 12b, and 12f_ opposed with respect to_the

oml@af mgmbenk08 af %pfamgp@raél@l mtﬂ@%@petm@dﬂﬁ of sork erystal

15 positiong of the first deviafion pri.sm23a and the .
s @Bnhavieg the QHCEWWZ% Qﬂa&eti soskhat it ographic axis

AEERRS Uil aotsl 2iaiAder | BRUNS CaRe) therobisrmeber 100
| oot I etauizabon b Sidh ot eitkahlineay liged eht by 0
vagd HRe prica) HiS iy Ko aaf bt e eiBeLfiehth s 17 dhe-Grsotated
" 50 8 7t SEHY I B SR

5 180741, 2555 ARRE, Mk WOpRERAP Bt o i3 SFoREiZRABh Biection
3 bhfitlrair kP EhER) b, Y e eBaE ARi6 of  he, aptical
! EGbROURPis e fRsSOPRY B (B} Beldiv, hiink BethidIdsQ of the
bRt Smbee 1 B AP OpHCal 1AORY pbYfer RREROC opystal.

respect etgd.e}l_ge opti cal ax'gé) AX are arranged as
follows: the relative positions of the first

dendgsi 90 Peh&A 283 APtiddleratatRydpdaerabi 8P BEkSBystal has
wavelength dependence (a property in which the value of optical
rotatory power differs depending upon the wavelength of light used:
optically rotating dispersion) and, specifically, it tends to increase with
decrease in the wavelength of light used. According to the description
on pl67 in "Applied Optics II," the optical rotatory power p of rock
crystal for light with the wavelength of 250.3 nm is 153.9°/mm.
[0076] Fig. 8 is a drawing schematically showing a secondary light
source of an annular shape set in a circumferential polarization
(azimuthal polarization) state by the action of the variable optical rotator

unit shown in Fig. 5. In the present embodiment, the variable optical
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23b are so set that when linearly polarized Iight
havi ng the polarization 5 direction along the

Z-direction is incident thereto, they output |ineafp06-0456-00

pol ari zed |ight having the polarization direction

along a direction resulting from+180 rotation of the
Z-direction around the Y-axis, i.e., along the
Z-direction. In this case, therefore, the polarization
dirotatingomenobersi et ahé diZe pppssedywitir respechtpdhe opftical axis
sector regions 31c and 31g 10 forned by |ight beans
subXere arcangesl aptfoldawst thewrelativaqasitions of tihe first deviation
varjabl e optical rotating nmenbers 12c_and 12g, in the
apishar e aodddiey se¢arghdestatiore Bisms hoitn dre 59 get dhat svhen
the Z-directjon. [0079] The variahle optical rotating
néimeerly polarized light dpping dhe \palaricatipe direatiarhalong the Z-
optical axis ,A%ar arrarﬁ;ed as follows: the relative .
191ee80n; SHgcident iberate stheyeontputdingsrlys polagizashighth baving
second, devi atiqQn prism23b are sQ set that en ]

| e polarizdion diregtion Gheng adigction rwlangzégnbﬁ%" rotation

Ok BB i S kel AR SR 1 i
e R AR T A —
Sl B e R P by v
55488, TR s bR AR Boh 8Pl ot
B ST GIL 58, b Andl gt 5 R L6Tre 1
OGRS USLARTSR. 1212 PD2) S s e

SO R SRk 4 B pppgsed vt
LT € 3R s TR AT SRR et

; g)?)‘gﬁi&{s OPHA Y deiv?%ﬂoﬂ BH3nf2B4 ﬁztﬁfz "HeB6Ad deviation prism

rization state. I's® noted tha he present

enetArEd ssiSthat WMRALANBALY $ol6R2EE gt Haing the polarization

direction along the Z-direction is incident thereto, they output linearly

polarized light having the polarization direction along a direction
resulting from +135° rotation of the Z-direction around the Y-axis, i.e.,
along a direction resulting from -45° rotation of the Z-direction around
the Y-axis. In this case, therefore, the polarization direction of light
beams passing through a pair of sector regions 31b and 31f formed by
light beams subject to the optical rotating action of the variable optical
rotating members 12b and 12f, in the annular secondary light source 31
shown in Fig. 8, is the direction resulting from -45° rotation of the Z-

direction around the Y-axis.
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5 of a circular shape having the size equal to 3/10 or
nore, preferably 1/3 or nore, of the radial size of

the effective region of the variable optical rotaFP06-0456-00

unit 12 and having no optical rotatory power, in order

to inplement normal circular illumnation wthout
retracting the variable optical rotator unit 12 from

the optical path. The center region 12j 10 nay be nade

of 0@78 Jofihicc wariablee opticalvirotatirtg, epembats ri@catndy 1 pgwepposed
e.g., silica and fluorite, or may be sinply a .
ciwithurespeapto the eptical axis AXverearranged e fohlamws:he relative
center region 12j is not an essential_ elenment to the

v positlens efpthedaist deviation prism 232 apddbe second Weviation prism
present enbodi nment, circunferential polarization 15

( 23brarersal seschat wheni bngardy polarized light having the polarization
(off-axis illumnation in _which Iight beans passi ngi,

t Hizegtint Hengrihe Ardiseciom s yncidgnt %watcaethear@l@@t ingarly

a circunferential ,pol arization state) is inpl errentedd .
rection

bpolakaady lightndaving pbeapolarizatiomt difeetton helong a
Skt o 5068 SHERi S anton sougd i VISR e,
i 5 b, B it s by S
ol br ey BAERE oianalh anbek ol SFeRaregions Adeatnd 3l
D835 o e e’ RReE5 LSt oLk REE S he
>3 aBpBIs bticeh isnatist pRebaR Tt Andieiel ih Hh P sBondary
b LSBT e B aEAD 2125
SaRBrS} TR SaEaPly ‘FRisAl SoBtic Mefient | 124 48 428 opposed
p%ﬁrl iré%.c?%%é.toi%ll . L%ﬁ%ﬂ?ﬁ%g@%%@geﬁrhs | fd;\ﬁ%:i {12 relative

approxi el'y c¢oi ron o angen
 BERURIL G5O SES PRy D5 S e iatn e

dig3eCide0 0t BAE WIRGE lifkarl§PABrizbd gl having the polarization
direction along the Z-direction is incident thereto, they output linearly
polarized light having the polarization direction along a direction
resulting from +45° rotation of the Z-direction around the Y-axis. In
this case, therefore, the polarization direction of light beams passing
through a pair of sector regions 31d and 31h formed by light beams
subject to the optical rotating action of the variable optical rotating
members 12d and 12h, in the annular secondary light source 31 shown
in Fig. 8, is the direction resulting from +45° rotation of the Z-direction
around the Y-axis.

[0080] As described above, the variable optical rotator unit 12
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[0082] In the present enbodi nent, as descri bed above,
the annular secondary light source (illum nation

pupi | distribution) 31 in the circunferential FP06-0456-00

pol ari zation state can be formed, w thout substantive
occurrence of loss in quantity of l'ight, by the
optical rotating action of 10 the variable optical
rotator unit 12. In the circunferential polarization
amus‘atutes; laupoleaizatiorbaervensing kleraentu dispdsed o rart hear the
ID distribution in the circunferenti al
lumination rpupibtplane hand iaglapted dpeccanyerting thee polarization
vvafer Was a final surface to be illumnated is in a
p(staeteu ohtnewlest dighti intowai predetarmpined cpplarizetiopostate. It is
i)ol arized light._ The snfol arized 15 light is .

eameﬁ@m ¢m@mium Ay PN pdl\ﬁtthzﬁaﬂel’cl)ﬁﬁ:f reglon 12j
dlrectlo % dlr tion norpal to the plane q
.ﬁ)&ad@ﬁ%& gaa% AL smmsﬁ@l te 349 méno&tmeferably 173
V|brate3| the dlretl nnor .to the pl
i @ég@@%@ﬁ hecradial § eregion R the & aéiabie optical

deflned as follows: when |ight

L AIEE St o1 DBl Haying, Pac epbrah Toti BONVES LI d@idler to
| Reblers "'ﬁw%&%il cirsGih U oo Wav@a@&etgacqrfge%e variable

?roga'nrca (35 1 Bt S EHAE e ERE Gl Hon 1
A A S e Sy e 5.
fieet: &@e_&ﬁm@@%&%ﬁ% A Y 55 v,
CRRRAHRE b S SRR (0508 i, Momept o the

C%'bﬁ@ﬂbn?gﬁ%t&&g L#\ﬂ g nation optical apparatus

ormn annul ar illumnation pupil

d | o
MJL@PMR;#‘ e B ?‘%‘?2?%5 SR, P oA AR Rl Aation
t Wﬁzﬂ&ﬂhﬁ?%ﬁﬂ%ﬁg@iﬁl o rougﬁnﬁlﬂ@ft F@ﬁf Lgds illumination in

accurately "an hi an appropri
| W AR-hNBEhCBe&@Rbdsshil through the annular secondary 11ght source

are set in a circumferential polarization state) is implemented by making

linearly polarized light with the polarization direction along the Z-
direction incident into the variable optical rotator unit 12 by the action
of the polarization state switch (3-5). As a result, as shown in Fig, 8,
the annular secondary light source (annular illumination pupil
distribution) 31 is formed on of near the rear focal plane of the micro
fly's eye lens 13, and light beams passing through this annular
secondary light source 31 are set in the circumferential polarization state
by the action of the variable optical rotator unit 12. In the

circumferential polarization state, the light beams passing through the
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[0084] In the present enbodi nent, the apparatus is
arranged to inplenent radial polarization annul ar

illumnation (off-axis illumnation in which IighEFP06-0456-00

beans passing through the annul ar secondary |ight

source 10 32 are set in a radial polarization state),

by making linearly polarized I|ight with the

pol ari zation direction along the X-direction incident

t respeetive asechid eegioniscal a-rBd%aconstwﬁuitmgl theanrhdan secomdary
of the polarization state switch (3-5) and by setting .

t Hght isghircebddnarepins oi Hyeahpolagization atatelvwith %@cpﬂl@awtmn
l'i ght source 32 in _the radjal polarization state as
steation apprexymately | epinpuleniovith palisgqtion ofe Jaagent to a

S bk oo B SEeaEBasion sl
el Bl e AT A

TN 5 S o RS 50 e o
L4540 S8R SRR S GASBRERRT 21 in e
CRHGITSTor o A At T i P F ek o gut sbsfantive
SRR 5 B R SRR peon of
oot PafiRblBpdodt fynibe WRGE 20 ot SRR EABAL flarttion

SRR BAE babh i AR )RRl i Risibusion

(B EurplolEiin hndrianiof Sralte 8 UBE FoRiTed AE the

S R0 B 6150 B ALANE 8T, ORI SATGR e in
LR BRoETal o feReRhuarad AL TAcogRarincd

S Yot 'ié'lﬁ)egi\’/lg:ﬁ&aﬁ%&'l tl Hsa/ih%ﬁlilg gidlﬁqmw d¥fectic8Mlong a

toTa | ow on a resist ap to the wafer W

[ @9&RLiohneiosefal atd Mthe! PRarAPRIf GRditefiée { RIRAHLEEEght whose

appl i cation proposed
electric vector vibrates in the direction normal to the plane of

incidence). It is, however, noted that the plane of incidence is a plane
defined as follows: when light arrives at a boundary surface of a
medium (surface to be illuminated: a surface of wafer W), the plane
includes a normal to the boundary surface at the arrival point and the
direction of incidence of the light.

[0083] As a result, the circumferential polarization annular illumination
improves the optical performance (depth of focus or the like) of the

projection optical system PL and provides a high-contrast image of the

mask pattern on the wafer (photosensitive substrate) W. Namely, since
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the followi ng configuration, for exanple, in
I nternational Publication No. W2005/076045: plural

types of rock crystal plates having 10 nutually FP06-0456-00

di fferent thicknesses along the transm ssion direction
of light (lengths in the optical-axis direction) are
arranged as optical rotating nenbers in the
circunferential direction, to forma polarization
¢ ¢the exposgrechsparatusdoShesprtsent embodamenbases the illumination
illumnation pupil plane and adapted for converting .
t loptival sappeastusncapaiile of fomriidgnthel aghularniltumingion pupil
predeterm ned polarization state. In the case of the
palistriteditcronin cthev ecircwofetentiaht polapzateah i statee while well
above-descri bed application, it is difficult to
asuppaessing the thssanequantsy ofhligbphtthe aniorescapiagattern can be
menbers for vyielding a required angle of rotation to
i edi aeeurately odnd | ale digh giroughpwimuader ngh capprepriate
cr.i/st al plate. Wen each optical rotating nenber 20
f dllnming Iaa@@ndttww function because of manufacturing
error, it i i nfeasible tq inplepent the desired
cilPB8H dnethe apresenh, ﬁ@ﬁm(ﬁm@ffatfgl? appatafis is arranged to
pal ari zati on_state, ,and so on. 087] In contrast. to. .
i implgmest sadial p@f}aab%ﬁtwma@a{)hg tl%fﬁﬁ%@i&%ﬂlﬂmmmn
wherej n. the variable aptigcal rotator unit 12 as 3. ,25
e pitix Hight Besras pessiidhEmgi T Sumilah secondiy fight source
plyyality, of varj.apl e, optical t.ati n nbers 12a-12h.
Pt G sk Ry, & Padial nplaeaih, ste¥oR Brsghalae. poieaff potarized
rqt at.i on, to incident |inear.l ol ari z bight . .
- diditafy Re i lion fERlinY A0E e 3 apic8libpingident to the
devi ati:on _prism 23a _and. t segon I af hon ' .
ot el PofeiBr e % REr B GG St R Bl iy state
er [ Dy the i calk ' . i At ]
o2l CaiCand B g oA HsRBAY milsifle thibdi the apputer
. , r « r | .
o BhdBaE IRy gt 57 U thé sAlld) SRIEPRAER gt bs Shown in
TR 1Z2a- [ ' ST; [ :
oty S o e el IS Alon SEuETIER: LRSS Rsing through the
r §QUbEGHEBLRrofediBhEIRN32h constituting the annular secondary
light source 32 are in a linear polarization state with the polarization
direction approximately coincident with a radial direction of a circle
centered around the optical axis AX, at the center position along the
circumferential direction of each sector region 32a-32h.
[0085] In the radial polarization annular illumination based on the
annular illumination pupil distribution in the radial polarization state,
the light projected onto the wafer W as a final surface to be illuminated
is in a polarization state in which the principal component is p-polarized
light. The p-polarized light herein is linearly polarized light having the

polarization direction along a direction parallel to the plane of incidence
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[0088] Specifically, before nmounted on the exposure
apparatus, an 10 optical rotation angle by each

vari abl e optical rotating nenber 12a-12h is neasuE®6-0456-00

each variable optical rotating nmenber 12a-12h

(eventually, the relative positions of the first

devi ation prism23a and the second deviation prism

23b) is adjusted so that the optical rotation angle

beefimes as desctibed rabove (ial. upolaintd light twhkoseaeletiie vector

optical rotator 15 unit 12 is incorporated in the

i vibratesairi the dipecteon pprallel tartbe pdane pbincidente).  As a result,

configuration is such that the varijable Of)tl cal

r thetradialnpelarization apnylari Hbsnpwtione ¢nahlashshe apparatus to

i1lum nation optical path, and then the relative
pebtainos ggod Hamaskr pattenyi unage pni e 2wafen c(pbnéosensmve

second devi agtion prism ach are st ed t.hat

eé@gs%ﬁ5 aghide @@mgﬂlmg treglgcme@ ﬁl t o a1 ‘level on a

accuyr atelyciSl Wsed on the neasurenent result

b)’/'eﬁlﬁteap W@ sWat e measur i ng section 18. Still

IO AP, A it o 576 aroose
pgﬁé tbtlggqu gfgjl ngl%%glqabad {5t e from S:lﬁ: qq@i f’ubhca’uon
o WD B760RS! el 't§% Zoﬁﬁ?cr 651%_3 o Plate8® faving
5t S s LB Bl BN g bbb g
ccroret of s BpEACHR ARSI, A Al S dphet Yotating
pg@gmbgg o el Kenfireiiial, Section &' foh (' Polarization
o@&%@% T T G
the pu G FBF cqr el e ol ration® bale AOMGHERS It into a
rﬁ‘ﬁh‘xéd laf28tiohO s %{éUStIrP tﬁbskﬁé@%f OﬂheOfpolanzatmn

t|c rotation anmounts the variab opt1 cal

btk 8 98 Soraitan i,

suifRadt t@ decurdttlybRRhiRe SRICHEthéoptical rotating members for |
yielding a required angle of rotation to incident linearly polarized light,
from a single rock crystal plate. When each optical rotating member
fails to accurately function because of manufacturing error, it is
infeasible to implement the desired circumferential polarization state,
radial polarization state, and so on.
[0087] In contrast to it, the present embodiment adopts the
configuration wherein the variable optical rotator umit 12 as a

polarization converting element is composed of the plurality of variable

optical rotating members 12a-12h for variably yielding the angle of
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10 desired state. [0090] In this manner, the
illumnation optical apparatus (1-17) of the present

enbodi ment is able to illumnate the mask Mas a FP06-0456-00
d

surface to be illumnated, with light in a desire

pol ari zation state, w thout substantive influence of
manuf acturing error of each optical elenent 15

(12a-12h; 23a, 23b) form ng the variable optical

r sotatm doi incidentAinearly epolarized hBghix posordingpparthe uslative
(1-W5) of the present enbodinent is able to perform

g poditexpoelithe :Erﬂldevfmtimp prispr 238 andl thersenand deviation prism
condition, using the illumnation optical apparatus

( 23b7) Therefoteymviea: whent thereds lsome seanwiactureng erfarcin the
to be illumnated, with light in the desired 20 .
poipiical lements {pair ¢Ddeviation prisms)ovensidstingpeadn variable
the circunferential paolarization annular, illumnatjon
afipticab retating memberi 1IZg- 1 3h, thenvariable aptieah setater wnis 12 can
i npl ement ed by swi tchjng the |ight beamincident to _.

t % M &ﬁm‘ee@?h VaHp 1@ optied raiaiing membetdda- 12 1s adjusted
i near pol_.arization staie with the polarization 25, .
diSPe@? i ton TRMCHRN taccurately @st pBnoRMERk mempaedor yielding the
pol ar zati OT s][:ate M th the polarization direction
al'BAQIEH SNRIGIPT ERBHEA: However, without having 40

cPORR] Shetticalfy,oPefars i GHEAN NS {SARSHFR RRATANS, an
a0 SRR ST SReBl, LRARE B e o0,
34 B 1 S B, vty
T AU SRR LIRS dBbidd Aah bS] Sl econd
S5 2500 RSB e SRS e
5ol SR RF ), S0, A PSRRI S
Lbrﬂ%ﬁgg iﬁ &Y iR&IrBbfatkd i theC ildMitattf diallfath. Another
potential configuration is such that the variable optical rotator unit 12 is
first incorporated in the illumination optical path, and then the relative
positions of the first deviation prism 23a and the second deviation prism
23b each are adjusted so that each variable optical rotating member 12a-
12h accurately functions, based on the measurement result by the
polarization state measuring section 18.  Still another potential
configuration is such that each variable optical rotating member 12a-
12h is further positively finely adjusted from a state in which it has been
adjusted to function accurately as the variable optical rotator unit 12,

whereby the mask and, therefore, the wafer W as a surface to be

illuminated can be illuminated with light in a variety of polarization
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wi thout having to be limted to this, the variable
optical rotator unit 12 can be generally | ocated on

or near the pupil of the illum nation optical FP06-0456-00

apparatus (1-PL); for exanple, it may be |ocated on or
near the pupil of the projection optical system PL,

on or near the pupil of the imging 15 optical system

17, or imedi ately before the conical axicon system 10
(states {ecgy; thenpdifidd ofircuraferential pelesizayion] Gose] slightly
the above description, the variable optical rotator
udifferent ifeomdbhepestagt ofrcudersngianl podarizstion state.cen the like).
rotating nmenbers 12a-12h of _the sector shape .
cb@@&%]ogmahtsgcasc, amshewghin Eigynlerthe contraller {oRusarranged to
effective region. However, w thout having to be .

| resaive the mepsurenpent tesultafiosn dbei pelarizetignostatmingeasring

can al so _be conposed, , for_exanple, of eight variable
opestzen 18&%@%@&%@?@ IaRlafcrgefgxa@g% theprelative positions of
corresponding to_ eig egnents .0f . a circgul ar .
efheepical elegreans (ﬁia-géhgé@ ¢ ¥arighleopigalirofgtor unit 12, and

AR TRt B Sl OB R A el
AL B T A e 0 i 10 B e
FP06-0456- 0 [ .

PRI S WRBENE s S T B BBRHAL pomes

ex | @s,can be contenplated as to the shape of the
efjaFgﬁ‘fea\?&a%Fegi on of the variable optical rotator unit

(EOOHE B IRRS niners BREADiPRi oo GpBien BbERHAFRLTLY, of the
1550 056 S RN LR, R e o b
ofuthady Lot b by dbHiked SBbIATAIRAE | Satd, o Without
b BsEHR Ul or Mahtfictithy ey Tresh SPichl Hement
V“(tl?aﬁl@bl‘ffpﬁacﬁwg)%?ﬁﬁﬁ%ttﬁg‘ﬁiaﬂl@ Pﬁaﬁcﬁ%\ﬂ?@%%tbwéﬁiti B. Asa

prerera e t0 use an o mat e

ORELTR the:@IRive RPPSAN (NWS) 8FThé Psent embodiment is able

to perform good exposure under an appropriate illumination condition,

using the illumination optical apparatus (1-17) for illuminating the mask
M set on the surface to be illuminated, with light in the desired
polarization state.

[0091] In the above description, the circumferential polarization annular
illumination and the radial polarization annular illumination are
implemented by switching the light beam incident to the variable optical
rotator unit 12 between the linear polarization state with the polarization
direction along the Z-direction and the linear polarization state with the

polarization direction along the X-direction. However, without having
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100/ mm for the light of wavel ength used. Nanely, when
an optical material used has a small optical rotatory

power, a thickness necessary for obtaining the FP06-0456-00

required rotation angle of the polarization direction

15 will be too large, so as to cause loss in quantity

of light, which is not preferred. [0095] In the above
description, the variable optical rotator unit 12 is

i ot dld eHmted i ied this| athe e cirsuniferéntialn pelatigation  annular
optical path, but this variable optical rotator unit

13l lwminagonmandrthedadial pelarization anbslarndemisatiza ¢an also be

and retracted fromthe illum nation optrcal path. The
abmplemeatash, ifor esampleshy sedtchieg dhevgriebls optical rotator unit

conbi nation of annular _illumpation wth s-polariz

| ilghbetvigen the fastestatty slowni in Fig.o) aad @)@eeqwﬁ état@ {5 which

adopt c |nat|osof s-polari,zed i t he fer
managt’c; optisal Eotton,wials sheotated Eyaét?J awﬁ”%w optical

quadru and oct upol e, 25 jl1lumnatio .and w
ciaXE 1 ks |1'P13E|1r‘ﬁen'§-‘t @Ggé]hgh 3’-’33{@ 1ng BPQ%T g arrzatlon
schemat | aI |y shovvr a,con at [

FREEE O ﬁgna@lr%%@ri 6 the sliisetign, or along the

a din 0 the present enbodi nent. The variabl e
&;éi!f %“erence unit 9 according to the present

K@thﬂfiat theCplasVE deserdptich, 5 vatiaple” ﬂﬁ*lﬁ%lpr&aﬁqr bR 12 is
t HeoRedc e iBtely ofde | BE, G 1w YIRS Bhanflowever,
4 ?Vftﬁﬁr? baf it} agg&ﬁrlgxgggn@g[ms AR PR it 12
di c{aﬁﬁgxﬁ g‘éﬁgﬁfﬂ}; ]Oo%ag%(@ H‘E etrl]i[%]c ﬁ’ﬁlgﬁ o‘f%fég ﬁfé{lﬁ%gatlcdn é)ptical
2;%?’?%%%3' 12 %ﬁ%ﬁ%‘cﬁ’l&%ﬁ?&aieﬁl&% 1 BHTE O she pupil of
tﬁfei@%ﬂ@& dHlo ﬁm%al g&eﬁ? ']?qfl’"rtﬁh!ér ﬁl 2t fHebg)},lbﬂeof M€ iffaging

t he poerlumntron si np

vgﬁftgbﬁ@e prn% Eele]gr 113{%{??12{@&5 b@gﬁ‘iésﬂl‘é (Fdrﬁcallgxictoﬁesystem 10
(on or near the pupil of the afocal lens 7).
[0093] In the above description, the variable optical rotator unit 12 is
composed of the eight variable optical rotating members 12a-12h of the
sector shape corresponding to the eight segments of the annular
effective region. However, without having to be limited to this, the
Variable optical rotator unit 12 can also be composed, for example, of
eight variable optical rotating members of a sector shape corresponding
to eight segments of a circular effective region, or of four variable
optical rotating members of a sector shape corresponding to four

segments of a circular or annular effective region, or of sixteen variable

optical rotating members of a sector shape corresponding to sixteen
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conposed of eight variable phase difference nenbers
9a, 9b, 9c, 9d, 9e, 9f, 9g, and 9h of a circular

shape arranged along a circunferential 15 directi oFpP6-0456-00

a circle centered around the optical axis AX. The

vari abl e phase difference nenbers 9a-9h have the sane
fundanental configuration and, specifically, each

vari abl e phase difference nenber is constructed as a
Se¢g@hkntzoop ansiatwar Srcammilar Effgctise(mgiomr MNamely, a variety
Babi net conpensator shown in Fig. 3 (b). 20 [0098]

Eaf mudificaltion phanplel therencentanpltedasoto tlse shape of the
arranged, for exanple, to be rotatable around an axis
paffectige trogiore of etheovaritslecopticdlarotatosrimitir 1 23 ridheboumper of
parallel to the optical axis AX (i.e paral lel to_the -
Yseginentst oDthe. effective esgionl (&mnembamf anahjelaptical rotating

“illumnation is inplenmented in the aforenenti oned

cimembézrs)eand 8¢ opol ari zation state, as 25 shown in.
Fi eight circular |ight beans_ 33a-33h
[;8&941 In ithey abbwe dascripsios, lepghtvasiebie opticahsotating member
the vari abl e phase difference , unit 9 43, FP06:0456-00
allParhdh (ub@rep%n@amevalapu%ml |r@Fﬁt0h ypitn 42} ifemade of rock
pol ari zation direction _alqng the ctl nb
astyssal. of Howeviss) a@w|hﬁv@gépeb% (tg '331 gfﬁ%b@@{lable
HOWEVSL the pol ari zatio %} f the |ljght bea al
r eptisrhEptatBe meRbes can se bednpee of 700 %p@‘%]ﬁte optic
devi at.e, frgmthe |inear olarlzatl state.wW th
p@ueatﬁnghw 9 QRiA SAtaLp %BOW% B Riscasgn s cagEable to

he B e lﬁa“m%gm:@&w&%ﬁess -

apoEfert Sor g e %’fﬁgf%t‘% o iFe " IR Fhsp i gprical
Enteita] WRed had ARMBIPBBR BT Sust e, BRGRAES{ pecessary
tZS}' \%rtlﬁl%%:}%? atﬁga%%pffeepe é@ﬁ‘éﬁl %fgt%féfr' 3@6' ol%lﬂgatmn direction
050, oA s T B D s

[3 errenber 9hturn3|ntoallnear pol ari zati on
Wi tTh the

[0095] In the above description, the variable optical rotator unit 12 is
installed as fixed relative to the illumination optical path, but this
variable optical rotator unit 12 may be arranged so that it can be inserted
in and retracted from the illumination optical path. The above
description presented the example of combination of annular
illumination with s-polarized light for the wafer W, but it is also
possible to adopt combinations of s-polarized light for the wafer W with
multi-pole illuminations, such as dipole, quadrupole, and octupole
illuminations, and with circular illumination.

[0096] Fig. 10 is a drawing schematically showing a configuration of
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pol ari zation direction along a direction inclined from
the Z-direction. 15 [0100] In this case, the variable

phase difference unit 9 of the present enbodi nent Fpp6-0456-00

arranged to adjust the relative positions of the first
deviation prism 21b and the second deviation prism 21c
(or the relative positions of the first deviation

prism 22a and the second deviation prism 22b) so that

t hie waii=di phakediffeichtenalic acomaies 19ahé presomrenBodiment.
accurately as a quarter-wave plate. Also, the relative

poEhd | padable tpleasefl i differeiend atihitn Pr ascordide ansl the present
second deviation prism2lc (or the relative positions
oferhbedimerstt isdeciatdd on qr heaw #apapi plasessicthedafocal lens 7,
devi ation prism 22b) are adjusted so that the variable
phasge ot o enearc the mpayphkofothe alutiinatoncopticalebystam £2-17).
hal f-wave plate. 25 [0101] Subsequently, the variable
plBlserefioriet én ¢ine caseeabdthe ganukir shurrdnatianpa dight deatmbaving a
angul ar position around its center axis to convert 44
Frobstusallyoanduler deoss sectinn asound ithe opticpbisisi AXt isgncident
into linearly polarized |light having the polarization
ditpethe aarxabfm phase diflerencs vait. O n%adﬂl@t casg ofhihe octupole
vari abl e phase difference, nenher 9h is set .at a

prilasrisatione fosnexample, peighti Hghhrkrasas  havipgnaepubstaatially

to .convert incident light of linear 5, palarizatio
| raieoulem €5P3Sy Serefien jaredngd; Bt OpHeR QXtShéDgoar&r Incademinto the

di rect.i.on ,al on he Z-directi ) this nnet,,

{ Ramiahle qbase CeTeRdE Hat p&g?e{’glioﬁ”f withdesaima ’%e gase of

a pol ari zati.gn c.onv.ertti n%. el iarrent r}gﬁ;s osed on or near
llngningtien fop Fmplicity of ARSEHPERR: on ot at o

t HESiQqtaRe
o099V Wi <EPtamee o 0 O Ehe aarabi & phadk Aiffelpalit 9 s
e T R B BREbefs SL 083 e
g g a6 Y So0 B! LA BAAS ol
PR3 O AT Sepl B0 PRI TSR Ty variabe
di S5t OfifLRA%e  Nfiefibers 9a-9h have the same fundamental
configuration and, specifically, each variable phase difference member
is constructed as a Soleil compensator shown in Fig. 3 (a), or as a
Babinet compensator shown in Fig. 3 (b).
[0098] Each variable phase difference member 9a-9h is arranged, for
example, to be rotatable around an axis passing the center of the circular
contour and being parallel to the optical axis AX (i.e., parallel to the Y-
direction). In an example where the octupole illumination is
implemented in the aforementioned circumferential polarization state, as

shown in Fig. 11, eight circular light beams 33a-33h constituting the

octupole light beams 33 incident to the variable phase difference unit 9
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15 direction, or the |ike). Nanely, when the variable
phase difference unit 9 of the present enbodinent is

used to locally change the polarization state at BEP06-0456-00

position on or near the illum nation pupil plane, the
mask M and the wafer Wcan be illunminated with the
illumnation |light having a desired polarization

state distribution on or near the illumnation pupil

2811 pinasse bandiniebrliyspolarizete Highb | teaviing ofieajpolariations dafection
a desired resolution and inprovenent in the depth of

f glous thedZ -ditsctiondoptles acthors ofthe pelartxation stateeswitch (3-5).
asymretric error in lateral or vertical directions of
P09 nElow&&@2theTpol bt ste iofittherlighisbegmeneashing the
focus on the case of 25 octupole illumnation, but .

t waripblespimse differencnunit Hoanideviatedrom the Eneawpolarization
exanple, the present invention is also applicable

sitaitd awith the pelswizatibn decibos-zlopg- e ﬁd@eﬂﬁyomibwuée of
i Ilum nations, such as dipole and, quadrupol e,

i inflmencst 06ithe polarizatéommharagteristicsion shepptiealt mgmbers or
the pol arization state of_ incident |ight can pe .
c&rwgtkceciispmetd ) &&ppaaabpaé} betiveasnth sgeons, variable phase
action of the variabl e phase, differenc nit 9 as 8
pOiFerensei memberchrand the yasiable phase fificsengropgit . As a
descrjption, the vajiable phase di.fference unit 9.i

| syaplesperibic @éaanp{%easpalwwnpma i.of L the sigular ight beam

2338 pkidass dbdhe \GEHBTRPPSS PGS MERIDS I 11 Hha peviable
e AR S8k ka8 ) i polgvation
oo T T SRR SR TR e i
R b2 L e 6P PR i
S e TR AL B RS 0P i con

oObTROF B 0 P e RO 084 BB et rosen

embodiment is arranged to adjust the relative positions of the first

deviation prism 21b and the second deviation prism 21c (or the relative
positions of the first deviation prism 22a and the second deviation prism
22b) so that the variable phase difference member 9a functions
accurately as a quarter-wave plate. Also, the relati{re positions of the
first deviation prism 21b and the second deviation prism 21c (or the
relative positions of the first deviation prism 22a and the second
deviation prism 22b) are adjusted so that the variable phase difference
member 9h functions accurately as a half-wave plate.

[0101] Subsequently, the variable phase difference member 9a is set at

a predetermined angular position around its center axis to convert
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be limted to this, adjustnment can al so be so nade
that the |light beans immediately after passage

t hrough the variabl e phase difference unit 9 are FPE-0456-00

variety of polarization states. [0104] By further
positively finely adjusting each of the variable phase

20 difference nenbers 9a-9h froma certain adjustnent
state on the basis of the neasurenent result by the
paheidentlighn oftelliptioerdarizagors ésto nearly polarizeéd tight having
becones feasible to illumnate the mask Mas a surface

t ahbepoldrizarfionatdirbction talongt thee ibfdirectioni. t h Ihi gddition, the
a greater diversity of polarization states. In this
cageiablé phase diffetenceQReadpersPk isaeh av ar prdeterasingdaargular
di fference nenber 9a-9h in the variable phase .
digdsétiemcaroumit i cehterughis o d¢onvert DRAdshbwhghtn of linear
Fig. 1. 46 FP06-0456-00 [0105] It is also possible to |,
admarizattombimtat i loneasty t helarigedablightophaving thet sodarization
unit 12 shown in Fig. 5, wth the variable phase |
didifentienc elong the® Zglmwﬁonn Hngthig gnanmen thys theigstiont of the
is preferable to control _an elliptical  polarization

r acaziable iphasei didfarence iupit Dops i @olamzatiine gemyering element
difference 5 unit 9 and to control the pplarization
didispeseshon oracanthy Lhunmationepepid plang, the dolameatign state of
elliptical polarization) by the varjable optical. '
" dhanoeident fighi zan be cAhyoad dntq gelopgie tiog state (the

difference unit 9 and th ariable optigal rotator
urlinear2pAAy123608, Biake Hl! nﬁ?ﬁn "?‘ﬁc?fb cﬁ%’%ﬁt@,n @:lo%g the Z-

bediaiot W dbe GFELTE s xeinte) o HadB e dbBgTay Myand the

o LA e LSRR ML PBED 2L phh0hon s
o L S8R e AR AR I L ET05% o e,
o AR AR o AR gy M e 7.
PO S HE Y. VERRLPhE DSBS e
é(le%#@peg?re?@&v‘@mib%d'fﬁ%nt ¢ us@d to TBELRY Uting® thkIBWlarization
state at a position on or near the illumination pupil plane, the mask M
and the wafer W can be illuminated with the illumination light having a
desired polarization state distribution on or near the illumination pupil
plane and it is thus feasible to obtain effects of a desired resolution and
improvement in the depth of focus and, for example, to suppress
occutrence of asymmetric error in lateral or vertical directions of
patterns.
[0102] The above description was given with focus on the case of
octupole illumination, but the present invention is not limited to this; for

example, the present invention is also applicable similarly to cases of
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rectangul ar shape approximately simlar to the
illumnation region on the mask Mor the exposure

region on the wafer W(a still exposure region inFpPde-0456-00

case of scan exposure) is incident to the variable

phase 20 difference unit 19, independent of the

annular illumnation, the nulti- pole illum nations,

the circular illum nation, and so on. [0107] Wth

rgfeer englei-poleri gllurb2o4tbins, t heuchar iaabl dippbaseand  quadrupole
difference unit 19 is conposed of a nunber of =
cilhauirations; aadl the phmsdaril ifmiretion soréhatethe pelarization state
19c, 19d, 19e,... alnost densely arranged in a 25

r of irvidentalightegambe cenverted intmaniesired pjarizationstate by the
AX. The variable phase difference nenbers L.
(a&deri 9ef . the) variablehphaseredifferennentnit %7as a polarization
FPO6- 0456- 00 configuration and, specifically, each
veonedrtingp redement.f f gneﬂm% ahowse dasstipbios; rilet é/@:r’@él%l phase
Sol ei | conpensator shown in Fig. 3 (a), or as

difference amitRsatloeated gwh or merr ghe pupH) Plapelfefsi]%ee%;%)ﬁal lens
vari abl e phase difference penber (19a-19e,...), i s

27y dneavitheut evinguigl be Laied ot tiniitoca oAlsa b located

axi s passing the center gof the cjircy ar, contour, and
baenerablyr an|q nea P‘é]ﬁﬁ indane ofi eﬂﬁ%ﬁ%ﬁ%ﬂ)@%ﬁt fstem
Y-direction). In an _exanple where th sk M an he
vvéz'érﬁWakb passingyi the seriable pfl@ﬁ Cﬁﬁfé?w@q L9 may be

e e B St TR AR T R oy e
ST SRS AL gabE e Ve o bl pese
U811 LSS Mt e BPsbbBEAY RORRAL Bt e
LS STk ALY 15 SN e
o\ BLe8) phA HBBRRERTD S5t R A pOBIA i v
D8R0 ARSI 8 At baving
PPfihhRld R85 ARIRRERE b4T a¥o bBS&PRIddeAthat the light beams
immediately after passage through the variable phase difference unit 9
are in a variety of polarization states.
[0104] By further positively finely adjusting each of the variable phase
difference members 9a-9h from a certain adjustment state on the basis
of the measurement result by the polarization state measuring section
18, it also becomes feasible to illuminate the mask M as a surface to be
illuminated and thus the wafer W with light in a greater diversity of
polarization states. In this case, the controller CR adjusts each variable
phase difference member 9a-9h in the variable phase difference unit 9

through the driver DR2 shown in Fig. 1.

46



10

15

20

25

menbers or the |like disposed in the optical path
bet ween the second variable phase difference nenber 4

and the variabl e phase difference 20 unit 19. In afFpQ6-0456-00

sinple specific exanple, as shown in Fig. 13, a light
beam incident to the variabl e phase difference nenber

19a in the variable phase difference unit 19 is in an
elliptical polarization state and a |ight beam

| 10108t iPalsbeposaiblahbaadomsecetinbisaténe ef thetvariabbe optical
isina linear polarization state with the .
pebatbz ahitor? shewatihdigabondtlatis vaxiablephd® difisremesiunit 9
fromthe Z-direction, for exanple. [0110] In this o
cahewr in ®ig. 16ri dhlthipbase idii$ freeferslbleutni conobanrélgptical
12, 48 FP06-0456-00 the relative positions of the

f ipolrigstidm ratenopiilemigatiomrighthley he oratiable phaseodifference
prism?21 c (or the relative positions of the first = |
dawriiafiaml fi¥ cemrabtheapdlarivativacdinactien (the majer-axis direction
22b) are adjusted so that the variable

diihfthearase ofeetﬁpticabpofmaatticﬁﬁsbyaﬂmvanag
quarter- 5 wave plate. Al so, the relative positions of,

t HE.f i Is thigenasas thenvarirble Eh@seadbff‘t:ﬂ@é%é@ﬁga ard ithe ivegiable
prism2lc (or the relative positjons of the first

denpitinal aatater saitob maaid berrangeshin a\adieindng Hiatenpr a relay

22b)  are adjusted so that the variaple phase .
digptigad ystam s 119anayme iigsp ﬁ‘t“é%n Haesg units so that
R R T
cdoP) Fend fpabarine ehesrasalsh heuii & sorigvragion of
e i e P Ehcs, ik "SobORiBR! 0}, 188" Blesen
o oL RNES 1A U SLEESE RS dR6e f) lulin i 121
oS B0ah TR RN R, |64 b o ORloh, AR ppsicatty
orapEats, B e S 08 8 HRLRuB e S b 308 APyt cprical
be, SOMNRLs A1 7R Gt ih TP 3h).2 ¥ heteroté ! £lighP Beam of a

rectangular shape approximately similar to the illumination region on

hase . .
le gptigal rotator unit

the mask M or the exposure region on the wafer W (a still exposure
region in the case of scan exposure) is incident to the variable phase
difference unit 19, independent of the annular illumination, the multi-
pole illuminations, the circular illumination, and so on.

[0107] With reference to Fig. 12 (b), the variable phase difference unit
19 is composed of a number of circular variable phase difference
members 19a, 19b, 19¢, 19d, 19e,... almost densely arranged in a
rectangular region centered around the optical axis AX. The variable

phase difference members (19a-19e,...) have the same fundamental
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| i near pol arization state with the pol arization
direction along the Z 20 direction in the specific

exanpl e) by the action of the variable phase FP06-0456-00

difference unit 19 as a pol arization converting

el ement di sposed at or near the position optically
conjugate with the surface to be illum nated, and the
mask M and wafer Wcan be illum nated in the desired
pebafiguedtiomn antlaspedifically] saeh vaoiablée phasenliferdreewmdmber
the polarization 25 direction along the Y-direction)

eve wonstruygted\ase \Soleilecomipensatot sstioren iionFig.aBe(a)f or as a
the light toillumnate the surface to be illum nated
ABAEROS- anBpeéator sihewmdnk il 3r{b)he wafer W is

| ocal | y changed using the other variable phase_
di[@l%ﬁﬁxaehmﬁﬂabi@ phaso differgnice member £8atl9e,...) is arranged,
enbodi nent, the mask M and the wafer Wcan be

i fouekasdd, e e rofatable mronadi am axigy passingvthegcemter of the
desired pol arization state distributjon on the surface

t isglarzantownend betnz paralielite thewpticahgxis AX (parallel to the
suppress variation in ljne widths of the pattern
faﬁgdg@caﬂn).hewaxwptﬁeme eypask pdsqng dhe waler W are
ilJum nation region, agnd to suppress. occurrence of
sollugingled: vithy il Ini tbev HeRT d polaiEsien sigie opvith the

S uSRSS o S RS PR b L 1 e
DR Lebb TRt 1o Bt poda Y SR Sienee
St 8200, S LB B FinchZplnd Bt
wdrsrtly Bl fiebt KaNFa B oty aBraiBR il Heng he Z-
PoLALER OO BRSBTS RS 5.

DAY 2k B BRlsi AR Sets o MR 1BBF ety Yo at the
SSRGS BB BRCET FAET 180 | AEE | BBRURL e

disgibioMioR L AR With 81Y bBERiZ2idhe dirkbHBh NAbRE: the Z-direction

because of influence of the polarization characteristics of the optical

members or the like disposed in the optical path between the second
variable phase difference member 4 and the variable phase difference
unit 19. In a simple specific example, as shown in Fig. 13, a light
beam incident to the variable phase difference member 19a in the
variable phase difference unit 19 is in an elliptical polarization state and
a light beam incident to the variable phase difference member 19e isina
linear polarization state with the polarization direction along a direction
inclined from the Z-direction, for example.

[0110] In this case, in the variable phase difference unit 19 of Fig. 12,
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20 and it is thus feasible to suppress occurrence of
asymmetric error of the pattern and to suppress

occurrence of the in-field line width difference. FP06-0456-00

[0113] In the above description, the variable phase
difference unit 19 is |ocated near the mask blind 16.
However, w thout having to be limted to this, the

vari abl e phase difference unit 19 may be | ocat ed near

t tiee 28lativef positionsbef the dnbhdeethtion grismmédb ahd thessecond

M in the illum nation optical apparatus (1-17), at a
pdsividtiom prisinc2l ¢ (orcthe) refativee positionsef the R0 devuBROPrism
surface to be illum nated, or near the conjugate

p@lat and, thex sepond odevintiony prisni t320yf ardeadjustednsonthat the

16. In passing, the variable phase difference unit 19
lexphaseydiffarence m@nbabtlgblfgncﬁ@m gpeurately as a quarter-

illum nation optical _path or to be flxed i.n the

i Mawe plate.onAdsn,ithalrelsdive. positione of ke st é@aﬂtloa prism 21b

exposure, it is preferable to arrange a nunber, of

canduharsegand slgveatiompeise 21 6r(en dke relabreposiangs gf the first

non-scan direction

it is sp preferab
adexifon p@sm Yoerad e seeond %ﬁﬁbﬁé@fbﬂﬂﬁ@r eRareadiusied so

in a stagger arr attern r a2| atter

. hatHEenGHI arplmse rﬁnce[ Be eru %&33%5 curate@ as a
glaﬁ ti the adj ust ment was so rrade that all the '
1 B’E?t |mTed| ately after passage through the

pibéfﬂieﬁgﬁﬁﬁ@ % hE i anLe Dherd i iensr Tar RbeE (104 15 set at
P RdstBpRR e aentn A5 s ORleE 8 g convert
tgﬁ? b oot IR o FITRIRL alpRlAdbn BRRY ALY BUA ight

B84 8Ll op sy S e AU HFLY I Ao, the

%ﬁa@% ROHSE §7feremok bt o ol B ¥ plilefBthirk hiular
o%ﬁﬁ&?tdr%ngtﬁﬁ eceﬁ?eﬂs#ﬂ s Sagscg %n;'t/% ééﬂlﬁmt light of

b cones feasi to il nat e e mas

\ﬁcﬂﬁnﬁ?ybﬁfﬁﬁ? 1 aP 8&12&&%&%@%%@ pol&ifation

|na i‘ver si of polar|zt on stat
direction along the Z-direction. In this manner, the polarization state

i—-h

of incident light can be converted into a desired polarization state (the
linear polarization state with the polarization direction along the Z-
direction in the specific example) by the action of the variable phase
difference unit 19 as a polarization converting element disposed at or
near the position optically conjugate with the surface to be illuminated,
and the mask M and wafer W can be illuminated in the desired
polarization state (the linear polarization state with the polarization
direction along the Y-direction) eventually. = Namely, when the

polarization state of the light to illuminate the surface to be illuminated
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[0115] In this case, as shown in Fig. 12, the
controller CRis arranged to receive the nmeasurenent

result fromthe polarization state neasuring sectEFPP6-0456-00

18, to control a driver DR4 for driving the variable

phase difference nenbers 19a-19e in the variable

phase difference unit 19, 25 and to adjust a

di stribution of phase difference anounts by the

v fthiealhsk NifmshedivifeerWids logally ¢arsged hsingtthe other variable

pol ari zation state distribution of the 51

\lj\?ﬁés@dﬁﬁe&ﬁce lirgh1 9 beaordingttbehegwksdnteembadirhenydie mask
as the surface to be illumnated is in a desired ]

shdt gnd [the16jafen Wheanbbe ellembimdted: witht the vdAuimbatéon light

phase difference unit 19 is located at or near the

phaiing theplesiret] polanizatignt #ateé distribstionr endbet surfacepéo be

illumnated in the illumnnation optical apparatus |

( iHumjinatedtanchitsswhus fnsiblsrtassuppressevarigdonintingyigdis of

replaced with a plurality of _variable optical raotataor

ufihe qzatlleﬂlmfﬁirmedzgn, thenwader p¥, depending, ¥ppappesitions in the

optical rotating nmenber is preferably circgular, .

i AdUBHBRIGON (REIGT Attt 1O SHPPECIs OSRIRANGS OFj 9-Calledrintrafield

configuration inplenments |inear 10 polarization

i llingrwidthi GRIERRAGE.i | | uni nation 1ight having a desired

pal arjzation_direct,j ]Sen di stributian an tgfe surf ac

b2071 21 imse possible s aive. o naeBsn; of fisasadeple gptical
| POHCORHRItG! Bigick gD the VAFREL PBRS Fiferegee DA 1R 12
O SRS AP Y LRSS e B AR NPt
98t A PP g ST e, e
B BRSPSl e S 80300 bt e
POLBBLSEH U ) ) BN ot SR e e
R8RS, 4 5 m, 0 o aflR B RUBECHfocally
LRy ¥hhABLE, AMerSBY thO'ARYPMENRGhE iR WPlcan be
illuminated with the illumination light having the desired polarization
state distribution on or near the illumination pupil plane and having the
desired polarization state distribution on the surface to be illuminated,
and it is thus feasible to suppress occurrence of asymmetric error of the
pattern and to suppress occurrence of the in-field line width difference.
[0113] In the above description, the variable phase difference unit 19 is
located near the mask blind 16. However, without having to be limited
to this, the variable phase difference unit 19 may be located near the

surface to be illuminated (e.g., near the mask M) in the illumination

optical apparatus (1-17), at a position optically conjugate with the
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pol ari zation rotating nenbers) 8la-81f fornmed in a
wedge shape and nmde of an optical material with

optical activity (e.g., rock crystal), along a FP06-0456-00

direction corresponding to a non-scan direction

(X-direction), as 25 a variable optical rotator unit

80. These variable optical rotating nenbers 8la-81f

are novable in the direction (Z-direction) 52

FROdace: 56 bedl lunmnatsg omhear the corgugatedpeositiong excepidfor the

movenent amounts thereof are adjusted by drive units

sewisity afdhe masketlihd kthe bopasshgethecrrzahle phosaskifference

to the respective variable optical rotating nmenbers .

sunitsh? m4y besyrrangedatn berretractable fuemi thel dlusminagian optical

rotating nenber 8la-81lf will £ 5 be described with

r paldy @hg@bedimcbm the (hymimgtiomepieakpath. ddacthemaseref scan

vari abl e optical rofating nenber 81f as, a .

r ERPeBERI Hitﬁs\mﬁfqrﬁbfﬂ t amrange | numder @ Qrdageariable phase

pl.urality of positjons 83fl-83f5, al qng t hg, novi ng

dfHEerensd m er%élqrtw n¥m-pean digectn em;gm 18150 preferable
zation states of

| 2 Al b A oira e SEE B Be Rt as ap stpggered
RV T e S

P 0 Bl HEF o8 BRsciipilon e aslstonelS waBiso mBARE Thag all the
TP Bt oo BEA AL Al BB i e
RGO iy PR aw Rl 188, et (Sa RSk SO SRR the
o bpRariRiE QlRHOR kbR, HESZ P EcRReb Gy WHEPUERAGHE to be
di 5884 98, s d&&ﬁ%{ﬂig 'cahozgilgg] HEYRSH %l;ei ggatf@lghﬁggggﬁams

exposure héréin,”a polarization state o

SiEATHAY SRR N A agdnEr s o 1
She0: 1oy a1 O pohi9AioH Bkl n BYSTRosivcly fcl

gfgg%ﬁdgo K TGt tHNvEHABRS phdtd diftbrerRle hlnbéshi19a-19,...)

from a certain adjustment state on the basis of the measurement result

by the polarization state measuring section 18, it also becomes feasible
to illuminate the mask M and the wafer W as a surface to be
illuminated, with light in a diveréity of polarization states.

[0115] In this case, as shown in Fig. 12, the controller CR is arranged to
receive the measurement result from the polarization state measuring
section 18, to control a driver DR4 for driving the variable phase
difference members 19a-19¢ in the variable phase difference unit 19,
and to adjust a distribution of phase difference amounts by the variable

phase difference unit 19 so that the polarization state distribution of the
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along the Z-direction can be changed according to the
Z-directional position of the variable optical

rotating nenber 81f, the polarization 25 state of HRH6-0456-00

light beamarriving at a point on the wafer Wcan be
changed thereby. Then the distribution of polarization
states of light 53 FP06-0456-00 beans in the
non-scan direction can be changed by changi ng each of
t hight begim ean ithe amapl M iosnen dget weleredPeas ithe surface to be
variable ogptical rotating mnmenbers 8la-81f arranged
allbpginated asin gctesitgdrséatei on. As shown in Fig. 15, the
variahle optical rotating nenpers 8l a-81f in_the .
vav 1l n tge apove ambeodiment, dhe (varaple phase di Herenger wnit 19
res ectia/e wedge optical, nenbers 85a- 85f (a% whi ¢h
q@bed at or negs the Pegition ppicalycomiagateow! ¢ surface to

ST STAELCH o finelo GRS s L5 T
DSANEbIE s rgiHEctians. ok wpys hewrorioced onithgdr Rivahlty of
L SR PR AR By
TSP TR B SR, e bl e s
A SR R .
oPOERiAIGR Mo BB, iRt Bel Daying,a desired
B3} UL RIS 5 A8 0T\
(s cllphtdly hake e £ iBILARNE PRI Afon fljumination
Sl AT, A L AL P85 o
eqkd sﬁffa@ﬁ 38 il stefl- §6id 9] sibfe fPhke & é’tﬁhgination

so that the crystallographic axis ereof 1s aligne

Wigthsizh Ghrigkle thié’&lr PeAICHhAS WRh!d&/a0Rb1E Bhaa% $ifference
[0121] Here the optical rotator 51 and the phase

shinif, erirbthiba@48e 2it is preferable to control the elliptical polarization

rate of illumination light by the variable phase difference unit and to
control the polarization direction (the major-axis direction in the case of
elliptical polarization) by the variable optical rotator units.

[0117] As shown as a second modification example in Fig. 14, it is also
possible to arrange variable optical rotating members (variable
polarization rotating members) 81a-81f formed in a wedge shape and
made of an optical material with optical activity (e.g., rock crystal),
along a direction corresponding to a non-scan direction (X-direction), as
a variable optical rotator unit 80. These variable optical rotating

members 8la-81f are movable in the direction (Z-direction)
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quadril ateral pyram d shape, and each of the optical
rotators 52-55 and 25 the phase shifter 62-65 has a

wedge- shaped cross section (in a plane including tBE@06-0456-00

optical axis) and a quadrant shape when viewed from

the 54 FP06-0456-00 optical-axis direction. In order

to cancel the optical rotating action in the phase
shifters 61-65, the direction of the crystall ographic
agegespondiog T@hasve:aardm@n@l,6an¢5nwelpenb@mmm erepf are

the direction of the _cr stallographlc axis of the
padiistechibt drivesunits eslﬂr%?-f aontralladbby drxe &cmmﬂleé CR and

arranged to be radially npvable relative to th

openietied so dhorespectiyn viagiable optical ratating gna@éxer%& la-81f.
and t he phase shifters 62-65 arg arranged taq be

r B} |Iﬁﬁ@¢a@m§%ﬂcmwbl@ quiicap katadingoepahersdl e 1 £ will

the _optical_axis

EES .%38 ip | of aidh ﬁe@?@@ o gy Ik @?)ablt'gh“r bﬁﬁ%ﬁé@éff@%s%@e the
C KO ale ARieR) spGrne By SIR A0e ERIIRA }%Sgﬁﬁg 14
Ela;ég:{ e Sonsjiet opRiRkE, ﬂ?ésﬁf E?F@§5§$ agqaérz? {he roving
3@5 Pﬁiﬁi 4&;3:’% r 06 En Vaghbly optice |t0$%ﬁg£§1§1% I%r 811
S’eg I%% %O ar zal Io?fgrelrsﬁtga’g qﬁ% ﬁg‘ﬁi% Slggoﬁﬁse‘sexl the
E’ilrr%@b o PR fidhs 5?@58255@% 5RO, 16y )6 b Sue s plnd 16
%ﬁea Aol RATISSAS | A HICB0R Ao Sl eCRRED 8415 of
ase@ﬂ%%%‘fn W?@% 3%?%3‘%’3%"?.3 L@“ﬁ"‘“&ﬂwﬁﬁ%ﬁg BAF are
op?.m@aa? ¢ pi B é%‘%%%gﬁ&? RS BATLRAgyO0r dhe light beams
el ﬁ}if@?{ﬁé& §Pigde IR RARS ‘%%2{5@2 ﬁ?’i dhe polarization

6 3ireefonf icidbrtiEHdar ari%ﬂsﬁ 5 hbRiel ai‘Bﬁnd the optlcal

optical rotators 51, 5 d t he phase shifters

6@xiang aRcbaddrde Wlﬂf‘&h@&ﬁfﬁlﬁl@%@dﬂtﬁ& KaHaBld Ia@tlc’al rotatlng

optical rotators 51,
member 81fin the optlcal axis direction (Y-direction).

[0119] Considering the scan exposure herein, a polarization state of a
light beam arriving at a point on the wafer W can be deemed as an
average polarization state of a light beam group along the scan
direction. Since in the second modification example the average
polarization state of the polarization states 84f1-84f5 of the light beams
along the Z-direction can be changed according to the Z-directional
position of the variable optical rotating member 81f, the polarization
state of the light beam arriving at a point on the wafer W can be

changed thereby. Then the distribution of polarization states of light
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25 and the phase shifters 61, 65, 66, and it is thus
feasi ble to independently adjust the polarization

states of the first to fourth |light beanms 55 FP06-0456-00

FP06- 0456-00 (pol arization directions and
ellipticities). [0123] In order to effectively adjust
(correct) the phase shift anmpunts, it 1is desirable to
| ocate the variable optical rotator unit (51-55) on

t beamgrihrtheerrssci direttion eanitabtleanyeasiey shafgingnédch of the
(61-66) as in the present 5 nodification exanple. Wen

t Fediractiohile poxifions obt dieorregpettivdlvaBpblel soptizadt edtating
on the exit side of the variable phase shift unit

( Glerfibers 8 he-8 1€ ayrargedogjoagithe morescarf difeetiphaseAs shown in
shifters in the variable phase shift unit (51-55) can
b¥igail i) thed variabte pphidal votating mawebers! 81 a-8dtfi ionthe variable
direction of incident light to the phase shifters .
5optisahmatdtor tuniis may ubei provided 1withncespestivei wedges optical
not subject to the phase shift action. In this case,

i membersy 85aB3fI(amangpwhichionly Shfdeiliustrated indtigt 1Ay made
mechani sm for rotating the crystallgraphic axes oé .

t 96 a3hageorphious oneteialsE.ga silica \elrsabfer pergetionpf pptical
unit (51-55) to an _ arbitrary gire tion in, the plane
péKpesai that athe; sombinatipn j 5ap! A indanerparallelr platg s as a
phase shifters so as to be replaceable 15 with ot her
pﬁasféeshi fters having the crystall ographic axes al ong

0 L.rections, The arrangenent qf the variable .
oﬁafé%] %jrlg-t £6 5 2. greping pobrgiit -yaﬁwmga% &%ﬁgﬂmm of a
unit, in the order n from,t.he inci.dence side of .
Vatiable ' BpugHl Dol Thaske Hiber oS RorayE B & third

ARG PEBPB ol BRB HE BREoR SSeapgs afraliged to
U576 TS AR 1B, BPL 35 RS 31 e phse
24818 e BT SR B ARG perized
Tl P B PRGBS B MGy Polarizea
SXRIR) By hedfiS WM able90htiSAUFGEt01S2 30T Yokl to a side
view in Fig. 16 (a), a top view in Fig. 16 (b), and a bottom view in Fig.
16 (c), each of optical rotators (variable polarization rotators) 51-55 is
made of rock crystal so that the crystallographic axis thereof is aligned
with the optical-axis direction, and each of phase shifters 61-66 is made
of rock crystal so that ther crystallographic axis thereof is aligned with a
direction perpendicular to the optical axis. |
[0121] Here the optical rotator 51 and the phase shifter 61 have a
quadrilateral pyramid shape, and each of the optical rotators 52-55 and
the phase shifter 62-65 has a wedge-shaped cross section (in a plane

including the optical axis) and a quadrant shape when viewed from the
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pol e shape as shown in Fig. 17 (a) can be applied as a
secondary light 56 FP06-0456-00 source forned on the

pupi | plane of the illum nation optical apparatus. FP06-0456-00

Fig. 17 (b) shows a positional relation of |ight beans
formng the nulti- pole secondary |ight source

35a-35d, at a position where they are emtted from

t he phase shifters 62-65_in the variabl e phase shifter
ulpticgl-asis-disgctiony t n ordsmimranes! thegoptical refafingaction in

b S o108 e s SRR ol e e
i Sl R ORI e iyt i
SRR o SRR B8, S ek e 52
53 rindi KBRS B R S a5
S BB e, ATl BB s are aranged
ob, HEr BT bl s e s, Spifch b UG B3R G the

BB 3, AR S TRHRIGn e BORCA R beighe SR8 e riEfezebly

RETREH LRI pIHe Ui Mo oI £HERLPEY of the
PR P AL e M S ety
Ay BN AESR I oty PSS B o

ﬁﬁ&ﬁyatéth:?)g%ié@hh i on anounts of the |inear

a

polarizatio irection by the optical rotators are,

f 1fz<hP'Ilh| ethiclatesdng o ﬁéﬂegﬁ@'&ﬁé&@tﬁﬁ asIP¥ptizalYotat
tg{g p aseeshifters +10, the radial stroke requi Pe1§a¥o?aor

t Q§Serﬁﬁ¥)ﬁ' fﬁde pelaiAtin 2réating ]a%séﬁi‘Bl‘g)?r B thRal§d9&hanged

angle o optical 25 rotators is 7.2Z; the radral

RS g8 il U001 teptaotis 1. T
thickness in the optical-axis direction as a phase shifter assembly is
locally changed according to the radial positions of the phase shifters
62-65. Therefore, it is feasible to independently adjust optical rotation
amounts and phase shift amounts given to respective light beams, i.e., a
first light beam passing through the optical rotators 51, 52 and the phase
shifters 61, 62, 66, a second light beam passing through the optical
rotators 51, 53 and the phase shifters 61, 63, 66, a third light beam
passing through the optical rotators 51, 54 and the phase shifters 61, 64,
66, and a fourth light beam passing through the optical rotators 51, 55
and the phase shifters 61, 65, 66, and it is thus feasible to independently

adjust the polarization states of the first to fourth light beams
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57 FP06-0456-00 [0126] Fig. 18 is a draw ng
schematically show ng a configuration and action of a

pair of aspherical optical rotators according to agFpg6-0456-00

fourth nodification exanple. In the present

nodi ficati on exanple, as shown in Fig. 18, a first
aspherical optical rotator (a first aspherical

poI arization 5 rotator) pair 58 is | ocated on the

f (polarizaten(dita@itiorsauidellptidéties)l the mask blind 16,

and a second aspherical optical rotator (a second

a$phz3] falorded wr efattivelyradjastofcormmi) tHOphasd sluft mdoants, it
the rear side (mask side) of the mask blind 16. The

f is slesirapleto datatepthe alarrablataptiqabirot&sr U (41-55) on the
conbi nation of an optical rotator 58a having a concave
YEntnanse side sfahieovariable phaseoghiftcanita(6ils6@pras dot the present
58b having a convex surface conpl enentar

c omedifieasionf exampfe. t hWhsn theavariebla opt1sagrotamr whi (51-55)
second aspherical  opt.ical rot ator pair 59 has a
casrboeated am dhe gritopidecedl the yeriable pbasthabifhgmit (o6, the
YZ cross section, with an optical axis cqrrector 59b
havysigllageaphieases of the phashshidiesninmiie veriable phaseshift unit
15 surface of the_optical rofator 59 These firs .
a€pherd)cean bptpa@fallelr o pRedrendielilar 4@ t ﬁdacg@%%on direction of

aspherical .optic ator air 59 anged
¢ Aaeideph dight ¢n s pbASE Hhi cﬁl 59 ommd ol dhiY diwation the

E‘iﬁ%ﬁ%ﬁ%g%} i€k shbisat 9 the mil'a?s'é bt Zcfigr ; dafthis case, it is
e Eiabfedo i ahrnlét%st%%bﬁgﬂfé’?ﬁwé39'?%@%?%3%@3%% the
°°”°ﬁaﬁp§? G eXeS e Do PP SBHIR T 8Sr g i Varighlp phase
L S R BB
aﬁég SRR e b RAGS KB AR sty 4 B0 0 4 e Reable
ﬁﬂdotﬁég fb?xg%g a%%ﬁ&;s'u@ 1n llget ?bﬁﬁlégra?}%lc ¥xes rh%ﬁg other

d'cﬁfédtﬂ)lﬁts'. P aftangBment of the variable optical rotator unit and the
variable phase shifter unit in the order named from the incidence side of
light as described above is also effective to after-described modification
examples and embodiments as well as the present modification
example.
[0124] This variable optical rotator/phase shifter unit (51-55; 61-66)
can be located on or near the pupil plane of the illumination optical -
apparatus, instead of the variable optical rotator unit 12 shown in Fig. 5
and the variable phase difference unit 9 shown in Fig. 10. In this
configuration, for example, a secondary light source 35a-35d of multi-

pole shape as shown in Fig. 17 (a) can be applied as a secondary light
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FP06- 0456-00 quadric convex pattern that the optical
rotati on amount is maxi num at the center of the

effective region along the Y-direction and that th&P06-0456-00

optical rotation anpunt nonotonically decreases toward
the periphery in accordance with a quadratic function

of distance fromthe center, for 5 exanple. [0128] In
the present nodification exanple, the apparatus is so
seburdeaformediionf theepupil idane ef thedllmaxinationoppticall apparatus.
rotation anopunt in the periphery of the effective .
r d§Zoh7 4hd shawsrd pommnagtelagpnraft laghtopeamsborming thehaulti-
center in the first aspherical optical rqtator pair 58

i padqusacondary laghii spurenddandtdedh @ neosttignnwhere they are
optical rotatjon_anounpt_ at the center af_ 1

efeitted, Frope $he phase snHeets ¢i-Adnirophe &’anablﬁ[]gba&mshiﬁer unit
STB%) Do S50 e Rl S o SBLSE S apncs
i e s sl S i e o e
opl"cat SRoramBnaliasele praunsh t Opical Gk i [hgoRveients the
P ress " e Cobbbal RO Plel 15735 o
bRl oS RS ARl g PR SR80 rfptors).
she HEE BlseBhn e TobtRa AR e e B HbEedtn the
o0E8befh Aot P aSCBER B Yartadd o BRI Spgcg. o on
di HARP fhefd e&ﬁgﬁgafehﬁlai%ﬁs ,ﬂ‘ijﬁt%gcp rb?*ﬁl%aéfar‘?ﬁlie g@léase difference

rotator parlr preti se convex sur

2?1&2??9)5116%“@%@( blind 16. Now, |et us focus

ntion to ar arriving at a center point Pl as
IO St aibhiel 68! poMMeaRular, TRekel o
[)i()dii%#ca% gfofta’étg@%gag%@%}lﬂg '6;!}%&6"1&1‘1%58 b fiBam@din®d Fo kR [#htTbeams
passing through the four regions were independently controlled, but the
number of regions does not have to be limited to 4 but may be 6, 8, or
any number. When the wavelength of the illumination light (exposure
light) is 193 nm, the optical rotatory power of rock crystal is 90°/228
um and the phase shift amount thereof is 180°/7 pm. When it is
assumed that the variation amounts of the linear polarization direction
by the optical rotators are, for example, £20° and the phase adjustment
amounts by the phase shifters +£10°, the radial stroke required for the
optical rotators 52-55 is =1 mm where the wedge angle of the optical

rotators is 7.2°; the radial stroke required for the phase shifters 62-65 is
100 pm where the wedge angle of the phase shifters is 0.35°.
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a predeterm ned di stance apart in the +Y direction
fromthe center point Pl, and a ray arriving at a

point P3 the same distance apart in the -Y directiFpmne-0456-00

fromthe center point P1l. [0130] Let us consider a

case where only the first aspherical optical 5

rotator pair 58 having the optical rotation

di stribution of the quadric concave pattern is

| POE2HPFoE. 18 s &i grawifig scheaeatiyadiyhshdwingbetosedipuratton and
first aspherical optical rotator pair 58 and the mask
bhattidn 161 ree pass efit asphiesical bogttica srathtors -agperdimge to a fourth
optical rotation anounts of respective light beans
alnnodificadopcexssplel, Ia2theRRresentueidifigation texanuplei aslshown
path between 10 the first aspherical optical rotator

pan Figsl &ralfirsteasphskical opticdlaotatod (a fivsteasphenisiat poByrization
between the mask blindl6 and the second aspheri cal
opoiatert) pair {iHis gacatedoon dheeckont siles (lightusoures side) of the
in-aperture optical rotatjon amunts of respective

| impsk ddinds hoandt Reseennd saspheripal aggicalt refaton g serond

the optical path _between the mask blind and the secon
18sphetiesli pelprigation aptater)apair Yaisrloseted on she rear side (mask

Furt hermmre, three graphs (C). between, the secpnd )
- Sidadrolethe meskititnd 16f atdhe Fak aspbeaisal pBoANEatay pair 58

R b o 7 S Ena ek it AT B 8L ¥7 cross
 SPEon Vb Y SRUCIDES SATILE 5 VD A capigy surface
R L R b AR B P P he
o oh g Ry e B ol SRS B e ol
SRR e bR S5m0 P SHUED, I AR i
rhio? SRR £ RBBAUE e S PhLARY 1 e conver
OB U Bl ToRRGE 595, St BB TR Joratr
Pt 583hd tonBsphbAYE! bPcAITtd¥Sr pair 59 are so arranged that
the thickness of the optical rotator differs according to positions of
incidence of the light beam.
[0127] Specifically, the first aspherical optical rotator pair 58, as shown
in Fig. 19 (a), has such an optical rotation distribution of a quadric
concave pattern that the optical rotation amount is minimum at the
center of the effective region along the Y-direction and that the optical
rotation amount monotonically increases toward the periphery in
accordance with a quadratic function of distance from the center, for
example. On the other hand, the second aspherical optical rotator pair

59, as shown in Fig. 19 (b), has such an optical rotation distribution of a
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optical path between the inmaging optical system 17 (or
the imaging optical system 17 and the projection

optical system PL) and the surface to be illum nat &P06-0456-00
(M W. In these graphs (A -(D), the vertical axis 5

represents the optical rotation anounts and the

hori zontal axis the nunerical apertures NA [0132] It

is seen fromthe graphs (A) that between the first
asjpadricoainvesppatien that dhooptival retitmmdamiosntds knaxinmem at
16, the in-aperture optical rotation distribution
ablagitcentar o rther effective pegians alongrtbay¥-disectiom andhéhat the
10 in-aperture rotation distrjbution about the point
ngm@alarptah@nuaﬁ@wmp@ptpmcaﬂﬁ derecasas dpward th;e periphery in
rotation-distribution about the int P3is an

i Beremlaace paithea ryadertie HOflh@tQ diyaace dromcthe,gentes, for
direction to the inclined pattern of the point P2. It

i §X Cseen fromthe graphs (B) that after passage

t the mask blin (internme e focus pai
E@ﬁ’gf l@%mm me&f GagipIyeXIAP tflerapm%ﬁlstlﬁéo set that
ill a.concave,. pattern, and t

o GEEeRAE pETutthytha DAk BIER QHPUERG TOD, Hpus in the
a”d a5 '%ﬁ?er iy s B o847 Id Al Td opblich! Sotation
| Eﬁfiﬁf the SeRES ih H0 firkf asiieriOaf Oplile e Daip 58 is equal
OB L ek §et“§r=s§€“ﬁg¢??’e i dhisCitn i, bR B PO BRE BT ot the

??gﬂer |ééfztllh éi&tfl cg‘%e 5%18{1 ‘ga. rnﬁgﬂgﬁﬁpp%ﬁ@ﬁ%ﬂopnamoum

i czflﬁ %I%{@% ,dﬂ’[%D)SBb{}ﬂ Qs&li’eﬁcafi % ﬁ{::éral\r/ go%g?{- Jair 59.
22%6% e TSt P ioal, chicAL YA gb%%: 58 flad e Bptical

L%B?a‘sb?ﬁgf’fﬂﬁ GH, o£ e SPAlHc toRAR Phut, AR second
FREOh&4SS- 1ca1%ltat69§jaﬁn59[}%Sfﬂﬂea@l@&l%&atw @stribtion of

cooperati o of the first aspheric opti cal
the quadric convex pattern. As a result, the first aspherical optical

rotator pair 58 and the second aspherical optical rotator pair 59 come to
have the optical rotation distributions complementary to each other.

[0129] In the present modification example, the apparatus is so set that
a distance between the first aspherical optical rotator pair 58 (precisely,
the concave surface thereof) and the mask blind 16 is equal to a distance
between the second aspherical optical rotator pair 59 (precisely, the
convex surface thereof) and the mask blind 16. Now, let us focus
attention to a ray 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), a ray arriving at a point P2
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rotator pair 58 and the second aspherical optical
rotator pair 59 changes the optical rotation

di stribution about the point P2 (and points havi ngFP06-0456-00

the same Y-coordinate as P2) to the linear inclination
pattern and changes the optical rotation distribution
about the point P3 (and points having the sane
Y-coordinate as P3) to the linear inclination pattern
hawiredetdithinhed ldistaht® apalitriache orY elirssidrefrom tiatenter point
the inclination pattern about the point P2 and the

SPTe agheloa aaydrrivingiatad Eoim P8 tthewared aligtence apart frethe -Y
optical rotation distribution about the center point P

1 dimetiopdirotrsthehaernitagpoine Pdame Y- coordi nate as P1).

The degree of adjustnent of linear inclination of the
op013@] Lredtus iconsidies tar icase ivalnareabnlyt thddinsbiaspbeeal optical
and P3 is dependent upon the distance of the point P2
amdtatdwe pati 68 Raving threg optiealy ratatiesy disiributiont 68 the quadric
center point P1l. 15 [0135] Nanel t he degree of .
| icopaave pattermis interpoisedt néntFlgoilémﬁee epaplsn(A) between the
rotation distribution at a certain_point increases

wiftrst aspheniesd opticahrofaior @sied Spmd]fthqam%ﬁl@hgnahbﬁ represent
Y-directjion. |t is also a?parent Wth reference to

Fidistribaitiomst ofainsppertyre gptisal otatipsr amoapts of resperdiva: light

each paint on the surface to be jllym pated pass _each
ofoeams %bQ‘gtt%QQﬂiéFﬁ Rly PgOPépﬁa?fﬁ ingdn %rop&saaf Peth E%’Vﬁeﬂ
the second aspherical .optical rotgtor pair 59 .

( Hbe hPsphenesloppagal Wtator pair ¢ |anﬂe@4%maﬁkb'élé%¢mkéa and

Al B SRR S B S bpperica
L eRa] B oo Sh, MR B e A S
i SRR L B oG AT B
g A e R e
C RSPbBRE R B PR B ot fons of the first
SHISH) SBRGR) L PR A, 18 RSB il
optical rotator pair 59 and the imaging optical system 17 (or between
the imaging optical system 17 and the projection optical system PL)
represent distributions of in-aperture optical rotation amounts of
respective light beams about the points P1, P2, P3, traveling in the
optical path between the second aspherical optical rotator pair 59 and
the imaging optical system 17 (or between the imaging optical system
17 and the projection optical system PL), and three graphs (D) between
the imaging optical system 17 (or the imaging optical system 17 and the
projection optical system PL) and the surface to be illuminated (M, W)

represent distributions of in-aperture optical rotation amounts of
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| arger. 5 [0136] Since the present nodification
exanpl e has the configuration wherein the first

aspherical optical rotator pair 58 and the second FP06-0456-00

aspherical optical rotator pair 59 have the

conpl enmentary optical rotation distributions and
wherein the first aspherical optical rotator pair 58
and the second aspherical optical rotator pair 59 are

se¢speativei Eghntbeafhs about hbe npaiktoR1ndP16 PAy thavéling in the
sides thereof, as described above, the position and

sioptical patte bmvmenl theeghagimgh @qutmahcsystmn nt7 dortthe imaging

surface to be illumnated, in the first aspheri cal
opptical systeat b7 anal thesgrajectian optical sysiem Pﬁ) tamds‘éleu surface
the second aspherical optical rotator pair 59,

rés et illwminaspdi @4) Wit aln chest graphs(Agr(I3odbe \efzrtaﬁal axis
point on the surface to 15 be illum nated js adjusted
omepregentst they -qpsioal iatienbgmevaperand dhe oporizewtal i pgs the
aspheri cal opti cal rot ator pair 58 and the second

a Y1l |ape@tmre$: Ay ot at or palr 59, but there is no
substantive change in the c)gl rotation
ﬂlat

dil8132bkt inpeem Xam thargrap 3 \betvernt the. fiyss mspherical
ioiSal (FREODPaRs Pt 254 éPmé bd d2 the; rapersurs optical
o o I BN AT g(:n%ameﬁ,szaz‘éa%as%'ﬁa&m e
ad v e,r@%gé' h Of @t?%% 9 | on(P fgbag)tem%rfmed pattern,
L %?%ﬁ%s%@%éf iyl P i fcicd
aai&e e e, Bl 5RO R, B, nctined
SR 2.1 AR BBPARE EBAO) i ater
resa%%ééﬁo%&fﬁﬁ% RS0 Bt SRS e i
ntﬁ%gﬁ@%trb%mgfﬁ%’fma&u{) ‘E@Lul? 81?19 g?fﬂ ﬁ?’f@?% is still a concave
m;ﬁe{t%:?ﬁ, bAd RRe ihldpEiRk %taticﬁl ﬂlﬂﬁﬁhﬁ%ﬁ zﬂio?ftrthg%dlﬁf‘ P2 and
the in-aperture rotation distribution about the point P3 are inclined
patterns inclined in opposite inclination directions.
[0133] When the second aspherical optical rotator pair 59 having the
optical rotation distribution of the quadric convex pattern is also
interposed in addition to the first aspherical optical rotator pair 58, the
second aspherical optical rotator pair 59 acts, as shown in the graphs (C)
and (D) in Fig. 18, to return the optical rotation distribution of the
concave pattern about the center point P1 to a uniform pattern and to

change the inclined patterns of the optical rotation distributions about

the point P2 and point P3 to inclined patterns with enhanced degree of

61



10

15

20

25

5 maintaining the optical rotation distribution al nost
uniformon the surface to be illumnated (M W;

therefore, the mcroscopic pattern of the mask M @&EP06-0456-00

be accurately transferred throughout the entire
exposure region and in a desired line width onto the
wafer W [0138] In the above description, the first
aspherical optical rotator pair 10 58 and the second
adprbna@an. optical rotator pair 59 are set equidistant
fromthe mask blind 16 onboth sjdes thereof; however,
t HO134ldneothsst wosds, they ﬁ@op@ii’d@@@l af thebaest mspherisal 'optical
al so achleved en they equi,di stant on_ both
sitgtafopPay 2% ap e%espaa@sa @ﬂ@@ll ogtleairmﬁ@tawam 9 changes
the wafer Was nal surface tq be il at ed,
S&Eewp%ahr@ t\méﬁilswt@ abaut the @@mtdﬁzt BRiny having
[

Ln the .above

B8 $PPRoN comdlinalesas IR die Lpparc el ticr pagigrn and
58 has tgﬁ%@&{f aggﬂaré%patgi%nlm .Stribut gﬁn of. t&l’?»a(and points

U T Cai@é% HifBuin par

nthefore tion

o IRE e gl ﬁi@tﬁf)?mgmfaﬂv APRoSE 8t o theribethafn pattem
a‘?&%&?{téﬁg 'P&?@&I?? AnetBh fte, Bkrkq 4 NR0RAEGR B0, chppee in

rot‘?ﬂ%?'h b RSt @y the (oudt” pbint P @ points
as p%‘%g @.‘]’32110405{1 j‘ﬁea%oﬁ)de?ﬂé QEF}? X Wb gy Agbﬁﬁént of

or pair SEco

@%ﬁ@ﬁ%@%?@'t%%%%?.f £Rtibn oSl RIS Roipts P2

ngrmsd eha heR bﬁ tRX it c@%‘-i‘thlegﬂﬁg t iph mda{lé gb nt P3

eoplca axts, 1n or er to pr e the o

roglah Qﬁe &ddﬁ-béﬁéﬁtﬂcﬁﬁsthefceh&er puigglpyer m ned patterns;

howev instead thereof, a first aspherical phase

sn]oﬁggq N@ﬂn’elyﬁnﬁl@ &e?@@do?qmla%:' B lindRYe of E’uith?énﬁfor the

pair may al sO ‘be use for exanple, by conbihing a
phestecad hidtateén Qfistribution at a certain point increases with distance

.-4

from the center point P1 along the Y-direction. It is also apparent with
reference to Fig. 18 that a size of a region where rays arriving at each
point on the surface to be illuminated pass each of the first aspherical
optical rotator pair 58 and the second aspherical optical rotator pair 59
(hereinafier referred to as "partial region") becomes larger as the first
aspherical optical rotator pair 58 and tﬁe second aspherical optical
rotator pair 59 are set more distant from the mask blind 16, and that the
degree of linear inclination adjustment for the optical rotation
distribution about each point also increases therewith. It is a matter of

course that the degree of linear inclination adjustment for the optical
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qIPREHIQN BBAVEEE B

rock crystal whose crystall ographic axis is positioned
perpendicularly to the optical axis, wth an

optical-axis corrector. In this case, for exanpl egppp6-0456-00

the first aspherical phase shifter pair has a

conmbi nation of a phase shifter of a concave YZ cross
section with an optical-axis 10 corrector having a
convex surface conplenentary to the concave surface

otofafionPiRsdbatibht ssoutassth ?b@iﬁﬁél%@d irkgphsds g@lthe ee of
shifter pair has a conbination of a phase shifter o

achanyein Yie optisal sematibardisiributions opthe Aksteagpherical optical
corrector having a concave surface conplenmentary to

t hetateopaexS8 uridate eécdrib apphatcahoptieal. rothesepdit 5t is set
aspherical phase shifter 15 pair and second aspheri cal
phager.shi fter pair are constructed in a configuration
wherein the thickness of the phase shifter differs

afabd 6l Sinceo the gresents muofdificetidenesxample has|thghcombguration
[0140] Specifically, the first aspherical phase

siwhearein gher firsts asploancalnopticgl retator)paih drot the second
exanpl e, such a phase shift anmpunt distribution of a |
2@spoerdealc opticehveotgiort peir iPathavie the aeemplementarpuaptical
Is mnimumat the center of the effective region along
t metaviosi distibwhonmand meherehethshisy asphericabapiigal rotator pair
nmonot oni cally increases toward the periphery in .
adSonad ke sarend asphexicak ppticalnratptsy par % eemheet eqeidistant

the center. .the other hang, the second aspheri cal
pAEXB 18 masgg?lmg 46 en iﬁigﬁ thereef,1as dgscriped abpye, the

exanple, sych a ase shift amount distribution. of a
gﬁieepﬁrttal gpgi%gﬁqa%%aéhp@mt rothet syrdace to

T o L% 55 BP0% R ol Bl 0G5 g almos
e 50 sl R, EEDRLF RS SSRGS IR 0 s o
O, MRS 9L DR 50 AP RASE d B Wi o
B4 SRR L BEREAE R B3R Bberation of
S§he nﬁrs%sﬂb%%h%ﬂ 0%&%? roeihk Daif %¢ and the second aspherical
optical rotator pair 59, but there is no substantive change in the optical
rotation distribution on the surface to be illuminated.
[0137] In the present modification example, as described above, the
first aspherical optical rotator pair 58 and the second aspherical optical
rotator pair 59 constitute an adjusting means for independently adjusting
each of optical rotation distributions about respective points on the
surface to be illuminated (M, W); in other words, in the present
modification example the first aspherical optical rotator pair 58 and the
second aspherical optical rotator pair 59 constitute an adjusting means

for independently adjusting in-aperture polarization states of light
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In other words, in-aperture polarization states of
light beans arriving at respective points on the

surface to be illumnated (M W can be independemtpps-0456-00

adjusted by the first aspherical phase shifter pair

and the 10 second aspherical phase shifter pair. It is

al so possible to use a conbination of -- the

aspherical phase shifter pairs with the
afbenaneatlving it asphestiveapolns odather irficer topbé iBuminated (M,
[0141] In the above description, the first aspherical
oW calAg at misait, thehagposabd fapparatngi of & prekanenodification
second aspherical optical rotator (phase 15 shifter)
paxanileliaabld teadpist tlad potaratdtion ¢fabmdestbufiop at each point
di stributions of the quadric patterns; however,

wiarhdhe baxfaog too Hee illuminated, ota ha sdesiradardistrybutodn, while
modi fication exanples can be contenplated as to the
panaistaining theeoptpal cetatiant alistibutpirasdnmist f upiform on the
distributions given to the first aspherical optical

r susfase tophadidummnated(MpaV); therefoge the mderasgopic pattern of
aspherical optical 20 rotator (phase shifter) pair 59.
spbeimaskaM gan bgracsuzateleiransioreedithsroughowkihe entirg exposure
contenplate a podification_exanple wherein the first
agpgum and ipprdesyed dmeawadth omtasbestater Wy pair 58, as

210038} daltheclvieomb sopimiss Sher eyt capbeRFBLOPaselgforator pair
T A0S B L eI S i
o SoRRLRLPEY o B EISIREG A BB e e
2SR BraShi B SRR, SRR Sebed G
R NI T LN N
bRl YR A8 A1 b g g S Bk, yhen they
SRC R PRI BAR A bofENIERRET S0 ik DT IONERERRAG  In the
W R QU o URRS 10 AlpRbStanGRutkORES: BEY S8 Bl the

optical rotation distribution of the quadric concave pattern and the

second aspherical optical rotator pair 59 has the optical rotation
distribution of the quadric convex pattern; however, the same effect as
in the foregoing modification example is also achieved in a case where
the first aspherical optical rotator pair 58 has an optical rotation
distribution of a quadric convex pattern and the second aspherical
optical rotator pair 59 has an optical rotation distribution of a quadric
concave pattern.

[0139] In the above description, the first aspherical optical rotator pair

58 and the second aspherical optical rotator pair 59 are comprised of the
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region along the Y-direction. In this case, the
optical rotation (phase shift) distribution of the

first aspherical optical rotator (phase shifter) 1&p06-0456-00

pair 58 is set to be conplenentary to the optical

rotation (phase shift) distribution of the second
aspherical optical rotator (phase shifter) -pair 59,

with the sane effect as in the foregoing nodification
e&?ﬁ@hﬁota@@@f%pksdryﬁal tendd ersstaliiphraphicadxiefs ipositioned
rotator (phase shifter) pair 58 and the second

agppardliell witht theadpticdl atds, fpbeder whpfdvady thaioptiedl rotation
have the 15 optical rotation (phase shift)

didistribltiohsrof the predetpraninied pettarasnkoweler, instead thereof, a
inclination adjustnent effect achieved is not the

| firstaaspheridab phiase shafien phireand absecondbaspiierical phase shifter
inclination adjustment. It is noted that the first
apphremayahlsopbe azmeds dontexanipleady sointriring paphagsshider of
the second aspherical optical rotator (phase shifter)
padek seysialywhase cryssalogaphde pais isveossiionedperpendicalarly to
(phase shift) distributions of patterns higher _than

t e copticalc axjsp1with |an topsicabends dedyeeetor.i odn this case, for
first aspherical optical rotator (phase shifter) pair
sgxamplenthes Segnasphesival inhase o fter paiohas §r comkbaaation of a
shifter) pair 59 are provided with the respective , )
ofbage nihgiesnal »pronsave2 s £ oErSSo ﬁe‘(%s@'ﬁglhi@t yoptical-axis
di stributions along the Y-direction;,i.e., the optical

r GOBECEFAr (I}S?Wé%% %hP@@W%)SIHf%C%fCCHHEgﬂmWa?O |*8Rs cONCAvVe

B e S S S 2 i

S
pr'OViI%? _he.fi rst aspherical optical Fotatar hase to the
s PFQRHGaL-3%45 FOBECIRTAVIRE St HAVE IR CAMBIT LAY to

B PO RRSER Sk Bkt Gt g B i
¢ e g SHEBRE iSRRG P BB Pt EC B in
(ot o ot “BE" CURCERES' 57 shpP pbS: Sl iffers

t Qccording to positions of incidence of the light beam.

[0140] Specifically, the first aspherical phase shifter pair, as shown in
Fig. 19 (¢), has, for example, such a phase shift amount distribution of a
quadric concave pattern that the phase shift amount is minimum at the
center of the effective region along the Y-direction and that the phase
shift amount monotonically increases toward the periphery in
accordance with a quadratic function of distance from the center. On
the other hand, the second aspherical phase shift pair, as shown in Fig.
19 (d), has, for example, such a phase shift amount distribution of a

quadric convex pattern that the phase shift amount is maximum at the
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ot her appropriate functions. An exanple is, for
exanple, to define the 10 optical rotation (phase

shift) distributions of the first aspherical optic@pgg-0456-00

rotator (phase shifter) pair 58 and the second

aspherical optical rotator (phase shifter) pair 59 by

| at er-descri bed Zerni ke pol ynom als, whereby the
in-aperture polarization state distribution about each
PeeRteroff tHe effeutitacegion _kahm% theiairedtioanameé that the phase
adj usted on a point-by-point basis in 15 accordance
Wishift a anaeingt ymenotonically[ Odeetbadesci endra | the t periphery in
foregoi ng nodi fication exanpl e showed the

c @etoglsanrei withwheguadratichenttioatofadiptamce dadmptheseenter.  Each
shifter pair and the second aspherical phase shifter

paifr phese shiftpairamtotisttibutibes eabaiti fregpectioe podits on the
crystal whose crystallographic axis was positioned 20
peupfacdi toubarillyminatdde capthe adepenslentlyt adjustgshbyethese first
shifters are not |limted to rock crystal; for . .
exasphescal phase shiifer pasind thetsecapgd asphariceliphaseastufier pair.
shifters including those made of a birefringent ..
cinsather weardsj i-apedhreapolarizgiioni siaies| elolightbeagsAriving at
those made of an optically transparent materjial wth
strespectiver giointsgenc dhalisetacsute obe dlvan (Mg eWor can be
an 25 optically transparept material with a form
biindependganly pdiustath by[the4fst ﬁﬁphmcalop%w fter pair and the
nodi ficatign exanp] e, the transmttance , 68 .
Fm@eond5@smr1@?spim&mtshéﬁ%fp&1he h‘ AstalgepRessiblg to use a

optic rotator, (phase shifter) pair 58.1s set.to be
Cmbimabon y of o e SERNAGalr LRI Shk o ey it the

C

(pakendhished opiri NG Biniou ol not o
CaPAFLTE 88 R et Buhabeb e cogh oo
orGbeke Sl 3, TS LR TRPRBHLACObyPRLfoior s
TN RO Ol BHLTE il AEPBERS of e
| R el AU RRG PRV bR, variey

of modification examples can be contemplated as to the patterns of the

optical rotation (phase shift) distributions given to the first aspherical
optical rotator (phase shifter) pair 58 and the second aspherical optical
rotator (phase shifter) pair 59. Specifically, for example, it is also
possible to contemplate a modification example wherein the first
aspherical optical rotator (phase shifter) pair 58, as shown in Fig. 20 (a)
or (c), has, for example, such an optical rotation (phase shift)
distribution of a quartic M-shaped pattern that the transmittance
increases once from the center and then decreases toward the periphery

in accordance with a quartic function of distance from the center of the
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10 pair 58. In this nodification exanple, the
pol ari zation state distribution on the surface to be

illumnated is adjusted according to the differen@P06-0456-00

bet ween the optical rotation (phase shift)
di stribution conplenentary to the optical rotation
(phase shift) distribution of the first aspherica
optical rotator (phase shifter) pair 58, and the
opfiective 18gioot aliongrthephadsmectiont t ) di stri buti on of the
second aspherical optical rotator phase shifter) .
p40142D Inwhisr 6h wadificdtiqroeaninpde; e secand aspherical optical
distributions in_the aBerture (angl e distributions)
atotaéepathaseshplbenipaindds aeskewndod igo204b) or I(djibestsagh an
can pbe al nost uniformy adjusted while nalntalnlng t he
p&piical setagionsiphase cﬁhs}s%[t) dastribgition abetquastist Wnshaped pattern
surface to be. 20 jllun1nate [0146 Simlarly, as a
f theaopéisabrafasion emaunti (@haseafifls ampynthedecreases once

ari zation state di stribution on_ the surface to be

i Q}ﬁ]tﬁ&f&p tey gadsthenncreaspe toward ¢ ineaTPhesy dngrccordance

opTTe Gl ofrichns B dfanse) fsa tso cERleT Pt dhpeefTective
if?tegﬁé & 16 edisction, ¢ Eﬁstﬁﬁiéé‘%ef eﬁa%ﬁéﬁoﬁﬁ% {phase
L B SE B0, BUELR58 SRS WA PALSS shiter
ST PSRBT D e i
A i ARSI i
350 it PRESRaRY 50 503 iR oA il
180,k S B TGO B g poe s
d%ltﬂr %Sstelwgir#:leas fﬂ:él' %@?&%ﬁ{&%‘tﬁ?{(ﬂ%ﬁﬁ% 1?(:%5??3&659 have the
ool 8l o S R s,
ggigéﬁna{tg@la éc%hsﬁﬁ@n@%%‘fécttoaéﬂn‘é%a ig“rfdtr 'ﬂﬁd R4S inclination
adjustment, but cubical inclination adjustment. It is noted that the first
aspherical optical rotator (phase shifter) pair 58 and the second
aspherical optical rotator (phase shifter) pair 59 may have their
respective optical rotation (phase shift) distributions of patterns higher
than the quartic.
[0143] In the above description, the first aspherical optical rotator
(phase shifter) pair 58 and the second aspherical optical rotator (phase
shifter) pair 59 are provided with the respective one-dimensional optical

rotation {phase shift) distributions along the Y-direction; i.e., the optical

rotators (phase shifters) are of a cylindrical lens shape, and a variety of
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di stributions of polarization states in the aperture
(angle distributions) at respective points on the

surface to be illumnated while alnost wuniformy FP06-0456-00

mai ntai ni ng or adjusting the polarization state
distribution on the surface to be illum nated.

However, w thout having to be limted 15 to this, the
effect  of the present invention can also be generally
aamodifieationyexasaples sangdre aapieseplatedhaste theonearistipngliofction
a plurality of aspherical optical rotators_ or_ .
abh ﬁbaim-dpﬁats@n@hwopu@alsrotagong(pbaw shift hidisteibutions. It is
optical rotation distrihutions ar phase shift .

diatso pessiblerte praids the first; @phpaggf@pfécalcro&m Epase shifter)
a variety of nodification, exanp]es as to, the 20 npunber,
a@alra$§aiwgieﬁb@rﬁe®ndawmcabpp@w Etauatcpro(r&taesﬁss%e%ﬁ@snalr 59
shifters constituting the adju 148]

spedh W@éﬁ@@nﬁlenaleﬁaﬂﬁﬂer%gﬂ@ | a4 Jﬁ@f %iat,g‘i?ﬁlw- The
2 aRoRE TSl (" BTEARLS sl Bt i hopherical
CRPRRE) SO 6 Gt bRl BT g W FBRT B pherical
noolital ngefd (e Ehe Pabrd 2Re A5 Pd delibkdireosging to
P A AT 0L R ISP e e
SPHCAF pOBERN AR R AT g b RS b B TP Brical optical
oSV CLtiBe G108 o€ Al B e RBaT Sl rotator
opPHaSy SHRFPEr o BY 3R RAE PR Jcthike BRRARIEAS, whereby
25 iR B BB e GRHREACAROH Laeh 1R O the
S@emcb NoFb8 illdminh®Rdl €A% B@&ﬂﬁlsf’éﬂ B8R égjos%i-b MoinP#2%s in
(alirght b tersection t

eamarriving at an | e en t he

mMagkofidne with al: @Rt i cal axis AX) passes
t hrough the respecti Ve aspherical optical rotators

ggg%ﬁ]s $htildestAly, 7R Tdfogoing- modifiéaticn Refdmple showed the

configuration wherein the first aspherical phase shifter pair and the

second aspherical phase shifter pair were comprised of the phase
shifters of rock crystal whose crystallographic axis was positioned
perpendicularly to the optical axis, but the phase shifters are not limited
to rock crystal; for example, it is also possible to apply various phase
shifters including those made of a birefringent crystal material such as
magnesium fluoride (MgF,), those made of an optically transparent
material with stress birefringence distribution, and those made of an
optically transparent material with a form birefringent pattern.

[0145] In the foregoing modification example, the transmittance
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- ashsieibugion op

7laa, 71lba, 71ca are different anong the aspherical
optical rotators (phase shifters) 7la-71lc. Simlarly,

regions where an off-axis light beam (a |ight beappps.-.0456-00

arriving at a point on the mask blind 16 distant from
15 the optical axis AX) passes through the respective
aspherical optical rotators (phase shifters) 71la-71c,
i.e., off-axis partial regions 7lab, 71bb, 71cb are

auwéufibﬁr@ﬂ’lﬂleaﬁmmsﬁlyheﬂ@ap bgtibalafotamﬁ GHase ghafier)spair 58
(phase shifters) 7l1a-71c. [0150] In this sixth

migli ddtcadi be ewaiflementdilyl @ot hiee popticalz abtativmst gilease26hift)
di stribution on the surface to be i1llumnated is
aldigigibutionf of they seastidi assitericd abptidal potator {phase skiftery pair
distributions in the aperture at respective points on

t 59; hoviaee, twdithoaiti Hdving rtettexl linaited ¢o ahispat is alsiof posdille to
adj usted, by properly setting the optical rotation

( cbatamplaté t3 modificatben i exasnple wieeress thet seeond aspherical
aspherical optical rotat orig hase shifters) 25 .

7 bpticakrotator (phase shifteripa espufvitad with ani gptical rotation
partial regions and the off-axis partial regions in

t mphmm&dlmm suhstanipally diffevsmitioonn theioptical rotation
FP06- 0456- 00 = (phase shifters) 7la-71lc, and so on,

Fphassr soif), distrabetior conaplementany: s dhe optical tiosationfphase
be_general |y achi eved by properly setting the qptical.

r shift) distriphtion ehithe yfigt @ﬁpﬁ%ealoﬁgtlﬁal tofatqre Gplansei Q@ﬁer)
aspherical _optical rotators (phase shifters), the,

p®ait i 98s ardd sﬁhi%sntﬁéll%ﬁ@tlgﬁ- sxanplepaths apolasization state

and the off axis partial .regions in the respective,
the airinge fp died Q15 adiaistdd aggqrding to the

A S RO Ao P bsion
AL 5 g T bl o
e
is &B&ﬁ}eq{égélfﬁ,?te n S}llftg rgf étlﬁﬁéjg?)ﬂt(ﬁgﬁfp %?lcoﬁa %tsﬁﬂég&alb(?pt%hl rotator
(phase shifter) pair 59, whereby each of polarization state distributions
in the aperture (angle distributions) at respective points on the surface to
be illuminated can be almost uniformly adjusted while maintaining the
polarization state distribution almost constant on the surface to be
illuminated.
[0146] Similarly, as a modification example of actively adjusting the
polarization state distribution on the surface to be illuminated, the first
aspherical optical rotator (phase shifter) pair 58 and the second
aspherical optical rotator (phase shifter) pair 59 can also be set at
mutually different distances on both sides of the mask blind 16. In this

case, the polarization state distribution on the surface to be illuminated
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illumnating the wafer Was a surface to be
illumnated, and |l et us describe an adjustnent nethod

for adjusting this illumnation optical 15 apparat BP06-0456-00

(1-PL). In the present enbodinment, for sinplicity of
description of the adjustnent nethod, it is assuned

that a plurality of (two or nore) aspherical optical
rotators (phase shifters) having predeterm ned

opanche adjustédndoohding 3bi the differendaitbaimeear ¢heisdmtance
to alnost uniformy adjust each of distributions of
pbebweaathomaskdilasd 16 andeth20fiegt esphercalt optesalaotdtor (phase
points on the surface to be illum nated, while al nost
ushifteri paindjlisnidnthe istantarbetattennthst amask blind 7 and the
distribution on the surface to be illum nated (the
psecandvasphkericad optieal natator {phpse gbifka) iy S923vherehy each
flowchart schenmmtically showi ng steps in an e .
adff déstrabitiomstafqplatizatven statesrimthe aperope; (@agle distributions)
apparatus_according to 25 the present enbodinment. In

t Bt respessivee poimtst Aadthst surface | foubeniluemaled  ¢an be almost

apparatus (1-PL), according tqQ the present  enbodi ngnt )
asngiosudy az’éuﬂpdewﬁﬂs gnamtaimngithe pﬁarlw@n state distgibution
is to acquire a distriputiopn qQ Ql ari zation states in

t pimgpkeenstantomp the sutipces 1o Eeyﬁaﬁﬂ%ﬁeﬁk s on the

GlOLETE ue oy ctave desmaptonyhd it of gophericar cptical rotator
SR SRR ot [ S S A T St Rk ausanch of
< it BbbhioRe il snerizeon sttt i o Ben ChietS thsHibugiqns) at
t he scgrf_ace.t be iLlumn tced tang) tl*i di.st{iqﬁut' n %flmost
EcFF%i?q %’hd??lgsagl%t% fsflﬁ §urf’a.§t.u5[8n?q.rﬁv ed

ased o esi gn. . e

2550 ARy L B S8 Bfoion o

' [ . cals -P ' ..

i BB B AR RRRE: e ol A e tmited
{3375 PO Y pbleol DR Bl ish 1 ety ieved

C IS S ladfhstlfS B?&&is@o&%ﬁﬁé‘ oSt bl@asty Fdspherical

optical rotators or aspherical phase shifters having predetermined

optical rotation distributions or phase shift distributions. Namely, it is
possible to contemplate a variety of modification examples as to the
number and arrangement of aspherical optical rotators (phase shifters)
constituting the adjusting means.

[0148] Specifically, for example as shown in Fig. 21, it is also possible
to contemplate a sixth modification example using three aspherical
optical rotators (phase shifters) 71a-71c having their respective optical
rotation (phase shift) distributions in which the optical rotation (phase

shift) differs according to positions of incidence. In the sixth
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separations of respective optical surfaces, refractive
i ndi ces and types of 15 optical materials form ng the

respective optical nenbers, the wavel ength of use@gps-0456-00

light, optical rotations (phase shifts) of the

respective optical nmenbers, and incidence angle
characteristics of antireflection filns and

reflecting filnms (optical rotation anpbunts and phase

s lmbdiflioationr daample efriig: D)1, el firsnaspharicaldeptital rotator
exanple, to 20 U'S. Pat. No. 6,870,668 as to howto
c{phaseatshifidry Alstaridbuheosecohd psplericdt opticsht aotasor fphase
the aperture about a plurality of points on the =
sghifeery 7bb barei htrangedtiad prders ébmonthehdght siogmcelatide in the
[0154] Alternatively, the distribution acquisition
stopicsl pathapf ke tondepsaruopticalsystamrl bbetweernthe micro fly's
pol arization states in the aperture about a 25 | X
pleyealansy 13f apdithe smask t blénd ut6,aged tthebthird |aspharicald optical
and the distribution of polarization states on_the
suotator (pbasseshiftanyifist isddisposed dactheopptiga path between the

FPO6- 0456- 00, appar atus produced gcﬁt;,ua(\;zlg.
ssenidensen optical Gystom ks and theemagkMdind 5éi on state

~measuring section 18 shown in Fig. 2.,can he used to

md 4 4P Inthisicase; a5 shoyvn 81 Fig) 47, topiony vaiese &8 opraxielight
et (6 i G e PR n en th 8581 bing
SIS, Bpethtoke M- Lo Tlees oty pSfalgpions
o7 7 erThve San el gl fte S Erbel il facor
e S BES) ohlavtes, iy FBbns Afkts B Bhgis, light
r S T R i R Al "R B g o e bl ling. 6 distapt from
oo A ARSI Rah (o BfecRe helical optical
PeBifiors Tplhe SHifck)C7I8Y RS £L. PSS Daflal {ERAL Lab,

71bb, 71cb are also different among the aspherical optical rotators

(phase shifters) 71a-71c.

[0150] In this sixth modification example, while the polarization state
distribution on the surface to be illuminated is almost uniformly
adjusted, each of polarization state distributions in the aperture at
respective points on the surface to be illuminated can be almost
uniformly adjusted, by properly setting the optical rotation (phase shift)
distributions of the respective aspherical optical rotators (phase shifters)
71a-71c, the positions and sizes of the on-axis partial regions and the

off-axis partial regions in the respective aspherical optical rotators
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15 ratio Si/ SO of the Stokes paraneter S2 to the
St okes paraneter So for rays passing a point on the

pupi | and reaching a point on the imge plane, angpp6-0456-00

the degree of specific polarization DSP3 by a ratio

S3/So of the Stokes paraneter S3 to the Stokes

paranmeter So for rays passing a point on the pupil

and reaching a point on the imge plane. It is noted
hé%l%é_é gﬁ‘iﬁé}@% 730-TRe)r 86€ N5 dnhe Piehairhore)t thies effiect SIf the
a horizontal 1inear polarization intensity - vertical

| pReveint Pigventisat can betgenetdlly dhievetb by peaperly setting the
pol ari zation intensity - 135 linear polarization )

i 0?3@1&@1 tritationd (jSthse shiff)t distrélwatdons iof cthiearespective aspherical
polarization intensity - |left-handed circul ar ]
p@?@iﬁ:iak abiators (phasesshifter)s the Positions ahd sizgsiof ithaton-axis
met hod of the present enbodinment, the next _step is to ,
deketiali megivrest hard etheh off-axise phrtial i tegipos bt the respective
pol ari zation 74 FP06-0456-00 states in the aperture
alasphermitalr aptical motators t(pbastirshifiers)o ete, iuging: the adjusting
and the distribution of polarization states on the
sunéarrse consistingi bf wriplarality ehiaspheaeal @M@aﬁé@twr& Kghase
cal cul ation based on_the design data or hy th .
mshsfiensire nhavisgng predeteonined atopsiral t af@aleisu zphgsa;, shift)
section 18, is alnost uniformtq a desired extent éS .

1 2histrilmstonistin whiclethe aptiedd 1otatien (Rbass Yaiespegprding
S12 that at | east one of the in- aperture polarization
sttamnostiens Phingldencgad t he pol ari zati on state

S BRAS b B R e B TR g
e Do s R RIS BB, PR ShBAEs o
SRR I T D SRR e o
B b0 O S o ol

acnA g ) S8 P pESGELh ehbAifRRer for simplicity of

' o&é%c%p%io%%? e Sa*&h&sttﬁ{eﬁt'method, it is assumed that a plurality of
{(two or more) aspherical optical rotators (phase shifters) having
predetermined optical rotation (phase shift) distributions are used to
almost uniformly adjust each of distributions of polarization states in the
aperture at respective points on the surface to be illuminated, while
almost uniformly adjusting the polarization state distribution on the
surface to be illuminated (the plane where the wafer W is set).

[0152] Fig. 23 is a flowchart schematically showing steps in an
adjustment method of the illumination optical apparatus according to
the present embodiment. In the adjustment method of the illumination

optical apparatus (1-PL) according to the present embodiment, as shown
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[0157] The design step S13 is to independently adjust
each of distributions of polarization states in the

aperture about plural points on the surface to be FP0§-0456-00

illum nated, so that both of the in-aperture

pol ari zation state distribution and the polarization
state distribution becone alnost 20 uniformto the

desired extent, and to determne (or calculate) the

r aglige@3othe finst step as toacqpirasedistibutioniofipalarizatoos states
to be given to the respective aspherical optica

r dnathg saggrhirse about tar plyrakity oftjpeintsnen Hbée surface to be
di stribution of _ polarization states on the surface to
béllnminatedatpepil poledrzation statendistribwgper) andaa idjstribwgion of
numer, and positions of aspherical 25 optical rotators

( idadzamon states opdhpsuntase tarke ghuminated {Sdil)-h Specifically,
ref erenc to the jnformati gn about the in-aperture .

p Br BT gauIsien SteRi nis 18 Galpdates e shstribyion of
the pql ari zation state distribytion cal cul,ated or,
nmgmé%ﬁmrarﬂaﬁeﬁem iamrmretzﬁawna( alifys fpgints on the
di sti butipns,to .be gjve o t.he.respectiv . .
SREceda B8 lbguinaia) ang, e GBI Al aarigation states on
determ ped for al,nost . uni.for djusti,ng each . e
Cithe s fHee oo be T Rhaterh (Heghd i, AES R 4 SE k. Mumigation
at rtes ectiv%ugm_fri; on the surface to be illum nated '
wiiR'Ea: 2PREE y maintaining or adjusting the

oS SHEr el g e Auth 5o o, Bl 00
B PR, BRGS0, 2 Ak e 157
oi 0 B8 Rflen e AR D R %@3:1:33@ ﬁ#ﬁ%%f%ﬁit?st‘?%%r W,ie,
g0y B SUSARGE AU RERLE R AL AR vl
(PRRRE Bt O PP PR b Al SlreraT e iR e types of
StGRicat3 AaferldEalBfintg L HRE T EESRARI VBpAERT | BifBlers, the
positions, 1.e., in a 15 nounted state of the

aspheslength o8f | Gd Fl‘i’%ﬁﬁ,%?ti(:&ﬁ%%ﬁaﬁ@ﬁsf tgjh%)se( Shifis) of the
Specifically, the distribu n step S14 is

. Ion cal cul ati
t regpt@ivateptidi iembers, and incidence angle characteristics of

antireflection films and reflecting films (optical rotation amounts and
phase shift (retardation) amounts). Reference is made, for example, to
U.S. Pat. No. 6,870,668 as toc how to calculate the distribution of
polarization states in the aperture about a plurality of points on the
surface to be illuminated, based on the design data.

[0154] Alternatively, the distribution acquisition step S11 may be to
measure the distribution of polarization states in the aperture about a
plurality of points on the surface to be illuminated and the distribution

of polarization states on the surface to be illuminated, with each of
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aperture polarization state distribution and the
pol ari zation state distribution with reference to the

i nformati on about the optical rotation (phase shifEpPpe-0456-00

di stributions and positions of the respective

aspherical 20 optical rotators (phase shifters) in
addition to the aforenenti oned design data

information. [0159] The next step is to determne
vasparatusaghodiicéde atnsdlty.but i 8pecificafly] arfor atéxample, the
states in the aperture about plural points on the
spolatization sthte ndasoringt sdtiond] 8 ishoshrs in gt 2aranobe used to
pol ari zation states on the surface 25 to be

i heasimren tleel disthibutioneof podbxiniaoedtates tinethei speitbre about a
calculation step S14, is alnost uniformto the

dphirakity ef tenints(&1 2he sutfaceito be illumissed- oubehodistribution
determined in the determnation step S 12 that at

| efipolayigation sthtesion thepsurfacestopbe Alvnaated. st at e

di stri but| on and the polarization state distribution

i 0] bo the presemt eanbodinens; aedishusian of egreescas specific
of NO in the draw n%) the flow p oce ds_again to the
dpelagizagionp( BSEB, PSP D dafing b}ét g aytokes peprmeters (S,

et VALY SR TR %&Wlﬁatlg%?aéﬁls%&ww in the
| RBeTUTRbow poRALDARES SRche Bifscicnpe lamipaed (e in the
A B il A b
blcte dhe dositae Srctheciie Splaf oy Lok B %}ﬁtﬁég gy a ratio
sgéfﬁt sih i Stphes RTaRE tﬁbﬁecﬁnt s hAGrRf R S) for rays
A Sk et e
Sy, it TR I E&%ﬁ%%@@? TSPl bbrerdpted by 2
%{1{) % '@f‘ﬁle(gﬂagﬁs g%{'éfrﬁaer %é&ﬁ@?g a?ﬂé{eﬁ')so for rays

Gons gl v
%%F%ﬁ%ks% g%?ﬁ@&ﬁ thBNBEs1 Sid f&.{cﬁﬁg GPhGHt BrE thé Inda plane,

and the degree of specific polarization DSP; by a ratio S3/Sy of the
Stokes parameter S; to the Stokes parameter Sy for rays passing a point
on the pupil and reaching a point on the image plane. It is noted herein
that Sy represents the overall intensity, S; a horizontal linear polarization
intensity - vertical linear polarization intensity, S, a 45° linear
polarization intensity - 135° linear polarization intensity, and S; a right-
handed circular polarization intensity - left-handed circular polarization
intensity.

[0156] In the adjustment method of the present embodiment, the next

step is to determine whether each of the distribution of polarization
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S13. The last step is to manufacture a plurality of
aspherical optical rotators (phase shifters) having

t he surface shapes determ ned in the 20 shape FP06-0456-00

determination step S15 and optical -axis correctors

havi ng surface shapes conplenentary to the

af orenenti oned surface shapes, and to incorporate the
manuf act ured aspherical optical rotators (phase
skiatéseirsthe iertire arbam?ﬂmal painsdei theburdacets beiilominated
in the opti cal system ( S16) As descri bed above, the

- shade thiet distiibationn oft polaifationd states2on the surface to be

manuf act uri ng-nounti ng step S16 constitute an

aiflwsinesd, sihich eferefobtained nthetalcitaicnbasest onthe design
plurality of aspherical optical rotators 77

FBat: @45byOthe (eamresient tesing ﬂmupajammlmcﬂtakeemeasurmg
optical rotation (phase shift) distributi ons

adectiomd®, isealmestoinifaenpiee sedesineth eatenin(S12). When it is
con‘pl eted in this manner. [0161] The next nodifi catji on )
edatorinined inhtheydetayminatibndstepnt 1ithat ab leastuene pfethe in-
an adj ust rrent met hod capabl e_of ,readily and accurately
depertiire pelarivationqustated distrilion opndi dhe ( Bﬁg?gézaﬁon state
shlft di stributions to besth(fpi\%‘én to the retﬁectlve

f 5 uEQN I@ptqtcsﬂ uRigeEnIP € yedgxtent(in)the Gaggaf MO in
Fig. .24

o ehe rirendng).y i Sl gprtcesds: ahaeﬁa}luééai‘ﬁ% 81 rgherical

oSS "Dkt el ST ToTAI b hE i it i

af' ST el GeksBhRaAnFtgD $52 i boR ot “tebj-Aperture

AT S ST Dy b

| 3%41?1% s, e B BRBE (O WY 68 81 YES in the

SRR, L A, LS 1o A8 15 o
SusE LR b SRR o 1 on S1ep 23
dirgi 57PUFHONGARGNT s §43 P Mo® AdehBRdETY 268juse BAch of
distributions of polarization states in the aperture about plurél points on
the surface to be illuminated, so that both of the in-aperture polarization
state distribution and the polarization state distribution become almost
uniform to the desired extent, and to determine (or calculate) the
required optical rotation (phase shift) distributions to be given to the
respective aspherical optical rotators (phase shifters), for adjusting the
distribution of polarization states on the surface to be illuminated,
according to need.  Specifically, the number and positions of aspherical
optical rotators (phase shifters) to be used are prefigured with reference

to the information about the in-aperture polarization state distribution
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illumnated and the distribution of polarization
states on the surface to 20 be ill um nated, based on

the design data of the illum nation optical apparBP06-0456-00

(1-PL). Alternatively, the aforenentioned pol ari zation
measuring section 18 is used to neasure the in-pupil
pol ari zation state distribution about plural points
on the surface to be illum nated and the distribution
ofnd sharpclatizatios tstdte sdistributdors waladetedoobeneasured, and the
illumnated, with 25 each of apparatus produced .
aopticall notafiod §phadh ehifoxdisstibptionsiso besgiven: teethe respective
adj ust nent net hod shown in Fig. 78 FP06-0456-00 23,
i sspheribal eopticad netatons r(pbast s%mftem) ang- detsirmined for almost
pol arization state distribution about plural points
onnifhemby reidjigsting epehi of distributionanef petarizatian istates an the
of pol arization states on the surface to_be, . .
i apenteanbdespentive pRants ont tiensurfege t1e beailbumingted while
based on the design data_or by the 5 nmeasurenent .using
t alness) awniarmbh ARAGERINHE s Bt | %ﬁiejui‘er,lgi stflﬁl Lﬁ@mbuﬂon of
uniformto a desired ex%ent (,S2 1 Wen it is
dpelarization states thecsafageria b WREAteds that at
| east _one of the in-pupil polarization state .
o[RHI8 o e RSt dtapnds 4ol salcalgieofhes disteittian, jof pplggization
is not.,so uniformto the desi.red extent (in the.case
oFtaRgS iniher PR Ao Pl DS O EECHLTaeF 1, g ifititnated
raxi mati an step 3 of,. I.n-pupi | .polarizat i.on,.
st d?‘él?lfl?%‘?l? or?.%*zt&w dksgﬁréhgg{ilﬂ'ég hahd, ené.]s%rlﬁguon of
determ ned in, the eterm nation ep. S22, that h .
C R b Sy BB RhTR g B8 SRR 0 it fp dvbich
pal arjzai.jon.state.di;stribyti I : hf .
{ e Bliflikh OL poBherica Pt rollof R povlded with
dr;awi_n the..flo r.Qc : : : :
QREoRRkal FGOPPHESS ST dlftebReleS WBRBmmined jn, the desien
( S shif 3] r.QXxi ' .
oGRS 13785, et ek ARG reRecOP PRI Roslthea R in
a ' ansikns b LRol ard:zat | :
ARt ais"0 i pdBherieat Bplieat ketfidisiiehase shiftgrs) (S14)

LIl R the sk RAid cAlkBlation step S14 is to calculate the in-

aperture polarization state distribution and the polarization state

distribution with reference to the information about the optical rotation
(phase shift) distributions and positions of the respective aspherical
optical rotators (phase shifters) in addition to the aforementioned design
data information.

[0159] The next step is to determine whether each of the distribution of
polarization states in the aperture about plural points on the surface to
be illuminated and the distribution of polarization states on the surface
to be illuminated, which were calculated in the distribution calculation

step S14, is almost uniform to the desired extent (S12). When it is
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20 distribution acquisition step S21, by a
predeterm ned polynom al as a function of pupil

coordinates on the illum nation pupil plane. In th@P06-0456-00
pol e

present enbodi nent, for exanple, in the case of di
illTumnation or annular illum nation, Zem ke Annul ar
pol ynom als are used to express a distribution of

pol ari zation states in the pupil of illum nation |ight

bYeferdfin@istd isidegimtihatinn stepr Se3 Wt wRelehét 6ne of the in-
pol ari zation DSP (DSPI, DSP2, “DSP3). This is because

t lageﬁha@epetaﬂia@icﬁf fqatd Vdistriiifiosounde theégipolarimmtiol? state
FPO6- 0456-00 the pupil is a ring shape (annul ar

s ldagteibuitiont Renduhaifoithl tentheaddsiredeerttend Geatheacdsberf NO in
effective |light source regions of dipole shape in the

puhé | draverig)y thar flovofprdeeeds ngpaingi@nthien debrerdiste eS13 of
illumnation. In the ‘expression of the Zernike
angpheticglobpticati mitstoto (plegseestifters)he On-thewpitherShand, when it
di stribution of degrees of specific polarization DSP,
pupidetgratined inabedigiatramatinn Sepa$ B2 tkatobath af the in-aperture
coordi nate system and Zerni ke annular cylindrical

f podaripatsorastate shistrigitions gud dhe giolerizatgo siate distribution are
functions. [0164] Nanely, the degrees of specific
pallmoist aiderrSKy ptheodesired exteatd@gu Hie igaseqofbYES in the
bel ow, using the Zerni ke annular cylindrical , 10

f whrewiiog) thei fow Qrocesiy io e=smpeideternoination step( §15 of
, 0) +C2AZ2 (p., 0) .,..+CnAZn(p, O0) (b) [0165] In

t lsphetjoak opticalgotatepy Ghasesheldenrspi ci ents of

respective ter of the Zernjke annul ar pol ynom al s.
T4BIL60] Homexample.c adsr stepshitiye; Haa sexggutioy of the

tisestam e L sandthes istribyton caigubgions stap Sid e flow
ATEORSSA o dhesbabe deiemmmatian Sl Sb5 g APtERPIAR e surface
0L RSN LGN L O SOl e LUy or
nghfigid MEeLIOUSh88cal rotation (phase shift) distributions (the
optical rotation (phase shift) distributions given to the respective
aspherical optical rotators (phase shifters)) calculated in the design step
S13. The last step is to manufacture a plurality of aspherical optical
rotators (phase shifters) having the surface shapes determined in the
shape determination step S15 and optical-axis correctors having surface
shapes complementary to the aforementioned surface shapes, and to
incorporate the manufactured aspherical optical rotators (phase shifters)
at the respective predetermined positions in the optical system (S16).
As described above, the shape determination step S15 and the
manufacturing-mounting step S16 constitute an adjustment step of

forming and placing each of the Iplurality of aspherical optical rotators
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di ameter of the ring region = (F inner/a outer). 20
[0166] [TABLE 1] 80 FP06-0456-00 AZl 1 AZ2 PCOSO

1+E2 AZ3 psin9 1+E2 AZ4 2p2-1-e2 1-e2 AZS p2 CopPBB-0456-00

1+E2+E4 AZ6 p2 sin 20 1+e2 +ed4 AD

(313(1+e2)-21(1+e2+s4))coso (1l-e2) (1l+e2Xl+4e2+ed)

AZ8 (3p3(1+e2)-2p(1+E2 _+64))sin6 (1-62 1+562 +564 +66

AZ9 6p4-612(1+6) +(1+4e2+e4) (1-d)2 AZI O p3cos30 1+e2

+gphaseb shifrs) pBaving0 the Erediirad optical) ratationephase1shift)

+E4) - 312(1+ez +e4 +s6))cos20 1l+4e +10e' +41+2

(diseibotipns.( 1Te adjustment method of the present embodiment is
completed in this manner.

[0161] The next modification example of the present embodiment will
illustrate an adjustment method capable of readily and accurately
determining the required optical rotation (phase shift) distributions to be
given to the respective aspherical optical rotators (phase shifters),
instead of the {trial-and-error method. Fig. 24 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. 24, just as in the
adjustment method shown in Fig. 23, the first step is to obtain the
distribution of polarization states in the pupil about a plurality of points
on the surface to be illuminated (in-pupil polarization state distribution
or pupil polarization state distribution) and the distribution of
polarization states on the surface to be illuminated (S21). Specifically,
the distribution acquisition step S21 is to calculate the in-pupil
polarization state distribution about plural points on the surface to be
illuminated and the distribution of polarization states on the surface to
be illuminated, based on the design data of the illumination optical
apparatus (1-PL).  Alternatively, the aforementioned polarization
measuring section 18 is used to measure the in-pupil polarization state
distribution about plural points on the surface to be illuminated and the
distribution of polarization states on the surface to be illuminated, with

each of apparatus produced actually.
[0162] The next step, just as in the adjustment method shown in Fig.
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AM +e4)-312(1+62 +E4 +E6)) sin20 1+4e2 +10e4 +4e6 +~
81 FP06-0456-00 AzZ14 (lop, (1+4E +E4 )-12p' (1+4E

+46° +66) +3p(1+462 +1064 +466 +e'))cosO (1-6"Y FP06-0456-00

1+1362+4664+46e' +136+610 AZ15

(1 op, (1+4e' +ed)-12p' (1+46' +46" +e6) +3p(1+462+106+466+6)
)sin0 (I-e2Y 1+1362 +466° +4666 +130 +610 AZ16

20p6- 30p( 1+ ) +121?(1+3 +s")-(1+9t~+9s' +s6) 6 .c2)3
Co3,iknedy détemnirgy WwRaheElr &acH hf diddn-papit, pdlarization state
exanple, in the case of circular illumnation, the
Frdisteibufimnnatbeutpsluyaiopoiaits oar theusethdeotoeprilaminated and the
di stribution of polarization states in the pupil of

i Idisteibuicnoof polginizatipnastatediost thetuurfave tof beldirmasated, which
specific polarization DSP (DSPI, DSP2, DSP3). This is
bexeenes ebtdieed fap chefecaltidatibhebasedeohi thiet designcdataegi dvy the
in the pupil is circular in the circular

i Itheasuremenh. udingt the pelarezatioon méasuring Bectige &y id ladmost
polynom als to express the in-pupil distribution of
dagnfirm oo spdesired exteat | ER2)on Ben thds pdefiermpatdirin the
coordi nates (p, gﬁ 10 are_used as a_coordi nate_system
ardetenmainationgsep SAXGag it ieast opg of theriotpapid pelarizatien state
as_a system of orthogonal, functiogns. [0168] Nanely, .

t eistrdiptions and theepolarization ftateadistbuiopn o5 mot s gmiform to

ii(tﬁg %&@3%&?@5@5&%&%&2{@@”&%&% gt@sizfgzw(lgf%ceeds
O)to:Ba}lFZain(p@bm%gt?gEZZs%e% 8&3 %)? J{}?g Fé%ﬁpile)po(lggization state
_distribution. On _-the other hand, when it is determined in the
determination step S22 that both of the mn-pupil polarization state
distribution and the polarization state distribution are almost uniform to
the desired extent (in the case of YES in the drawing), the flow proceeds
to a shape determination step S27 of aspherical optical rotators (phase

shifters).

[0163] The approximation step S23 of the in-pup_if_polarizati_(_}n state

distribution is to approximate an in-pupil polarization state distribution
about each point 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. In the
present embodiment, for example, in the case of dipole illumination or
annular illumination, Zermike Annular polynomials are used to express a
distribution of polarization states in the pupil of illumination light by a
distribution of the degrees of specific polarization DSP (DSP;, DSP,,
DSP;). This is because the shape of the effective light source region in
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[0169] In this equation, Bi represents the
coefficients of the respective terns of the Fringe

Zerni ke polynom als. Table (2) below 82 FP06-0456F9@96-0456-00

presents only the functions FZ1-FZ16 for the first
termto the sixteenth term out of the function

system FZi (p, 0) in the terns of the Fringe Zernike

pol ynom als. [0170] TABLE (2) FzZ1. 1 FZ2: p cos O

Fi#ge pppiiis ringZhap?2 (pniular shape) m Heoadnslar Bi6@mipation and
Zsin2 0 FZ7: (3 p 2-2) pcos O FZ8: (3 p 2-2) psinO
Fhecawmestigp effectirZ dightpsBuroe Fegiorzaf dipolssshepedirr tie pupil
(4 p 2-3) p 2cos2 0, 5 FZ13: (4 P2-3) 2sin2 0 FzZ14:

( vocppy 1pares-3f pepging AEgHN (moﬂ;mmpp&sblupsnmon. In the
FZ16: 20 p6-30p4+12p2-1 83 FPO6-0456-00 [0171] In, )
t BEprassion pfthe Aernide amulpe polwemialsdairepresensdthe in-pupil
exanpl e,, the next step is to_evaluate a, distributi oq
ofligigibutionatafoegresse sobpaecifie aprlgserationryDSP, pupil polar
ol arization state distributio ol ynom al a

fp grerdigates (p, 0) are used as a coorc[l]'m%te )s/ystem, an%lSZemike annular

cylindrical functions are used as a system of orthogonal functions.
[0164] Namely, the degrees of specific polarization DSP(p, 0) are
expanded as in Eq (b) below, using the Zernike annular cylindrical

functions AZi(p, 0).
DSP(p, 0)=XCi*AZi(p, 0)
=C1+AZ1(p, 0)+C2-AZ2(p, 0)
cvse+Cn*AZn(p, 6) (b)

[0165] In this equation, Ci represents coefficients of respective
terms of the Zernike annular polynomials. Table (1) below presents
only the functions AZ1-AZ16 for the first term to the sixteenth term, out
of the function system AZi(p, 0) in the terms of the Zernike annular
polynomials. "g" in the functions AZ2-AZ16 represents an annular
ratio of a circular ring region which the effective light source region
partially or wholly occupies in the pupil (i.e., inside diameter/outside

diameter of the ring region = ¢ inner/c outer).

[0166] [TABLE 1]
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of the image-plane polar coordinates (h, a) and the
pupil polar 5 coordinates (p, 0), based on the

coefficients G of the respective ternms in the FP06-0456-00
Y

Zer ni ke polynom als acquired in the approximation ste
S23 (S24). Specifically, the evaluation step S24 is
to set the polarization state distribution polynom al
that expresses the polarization state distribution
about gach peint as a function of the inmage-plane

pol ar coordi nl% (h, 10 a) and the pupil polar

coor di Q&g es (@ﬁ As to the setting of the

pol ari zati on «#lt4a¢®e di stribution polynonmial, reference
is made to U SgingPublished Application No.
US2003A22062 Japanese Patent Application

Lai d- Open No. Poes- 12190. [0172] The foregoing
Applications c{ipe the setting of an aberration 15
pol ynoAZal t sses the wavefront aberration of
the projection 1’of)ti cal systemas a function of the

i mage- pl ane pgj;"ctrosggor dinates (h, a) and the pupil
pol ar @8dr di r‘@’FE’S-?(‘ﬁT 0), and it is apparent that the
pol ari zati on $kb€etdi stribution pol ynoni al can be set
by a similar phghnpque. In this manner, the

eval uaftZon S(:qus arranged to 20 determ ne the
coefficients Vf+&h&érespective terns in the

pol ari zat i on (35YBt£) 2515 EbMEHRBs@o!l ynom al, based on
t he Ze#AAT ke cmrmewk?@%he respective terns
in the Zerni ke (b WibheAis4€ctgred in the

approxi mati o 331 E@ 52 2 thws. to express and

eval uapggt he i zaf - Lribution about
each point by tfhe pdlarkzaticon Stsate 25 distribution
pol ynom al . [01 3]8IQ %%F%l I(':-a I)ﬂlksg as disclosed in the
for ego}xgg Apig’ edigf @me))enfbi-484 £DP06- 0456- 00 ot hers,
attent i s Tocused I—W exanple, to a Zem ke
function Zi of a spe@i i‘c term and a coefficient of
the specific terghdogiphe pol arization state

di stri Béle on A s determ ned, for exanple, by
the |east- squbté’ tet Hof, based on a distribution in

the inmage plane gisife

AZ11
N+ +5 +£°
- JU=-) @5 1+& +5) 321+ +&' +£%)cos 29
V144 110" +46°5 +&°
- JU=) @ A+ +6") 3 (1+8 +&* +£7)sin20
V1442 +106" + 465 + &
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5 correspondi ng Zerni ke coefficient G (distribution

of coefficient G at each of points). Furthernore,
attention is focused to a Zernike function Zi of Fpp6-0456-00
anot her specific term and a coefficient of the other

term in the polarization state distribution

pol ynom al is subsequently determ ned, for exanple,

by the | east-square nethod, based on a 10 distribution

i n t hexdirnge(w bne’ ok )t Inp* (Coss? esgdonyi-Bell et niokS: 4&° +&* )ooss
coefficient G. [0174(]_42? 1S QY. kNG fvapuation

Rt P o At A LTS S TN

p0| arl | On—-state—6at+Ss F gthE-e8: AL — =

si nul t aneously expresst T ViHige i HudPs tdPEstEr buti on
and the in-i Dige-3ppbqhes i B (1 basiiah) -al+%8 1951 @) zat i on

state%ﬁlétriwmmwﬂmmtate

di stribution polynom al si taneousl y expressing the
in-pupil” distribution and the in-inage-plane

di stribdtion of polarization state distributions in

this wayS;iderbecomes feasible to analytically

deconp‘?ﬁ% e polarization state distribution and to

cal cul at e %¥#fTopt i cal adjustnent 20 sol ution nore

qui.ckly and accurately than by the_ tri.al-and-error_, |

t é@hﬁ?ﬁ@n othen other chandpiion gxample.wiinh the ceagsur @l  circular
Najel y, i.t bec s easier_to capture features, of the
pc;ﬁeamma&l%n the o Anae oL PIMIke | DA YNOMRiakY A6 3ed g express a

AR o S B
. . 0175 ' [

e o degressok spectisn otarignier cpSE Ok, DSP,
P K DU AT
dhaifihif f Aehlare S Birghfaroiminsfing. pdraffe, BiPisission of
%tr barrifes Zeriis AR Ruhids o Radsd Tpeip i Bition of
(e BRCRr $B6eiTy Bl DT, e L Rb Ry eiles (b, ©
r&3ReGidd’ Gs A3 INrlfidke system, and the Fringe Zernike cylindrical

functions are used as a system of orthogonal functions.

[0168] Namely, the degrees of specific polarization DSP(p, 0) are
expanded as in Eq (c) below, using the Fringe Zernike cylindrical
functions FZi(p, 6).
DSP(p, 0)=ZXZBi*FZi(p, 6)
=B1-FZ1(p, 0)+B2-FZ2(p, 6)
«:+++Bn-FZn(p, 0) (c)

[0169] In this eqﬁation, Bi represents the coefficients of the
respective terms of the Fringe Zemike polynomials. Table (2) below
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optical rotators (phase shifters), for adjusting the
polarization state distribution on the surface to be
illum nated, according to need. Specifically, theFP06-0456-00
di stribution of polarization states on the surface to

be illumnnated (inmage plane), acquired in the
distribution acquisition step 10 S21, is first

approxi mat ed by Zerni ke polynom als as functions of

i mrgeerth amdy (thé duncivons Fial-EZ | Ehioraheafirso teimdot the sixteenth
need. [0176] Furthernore, the optical rotation (phase
sHefm) odit sifr theu fummetiom systenyiR&iGps 6) enctheatepinsr of dhe Fringe
optical rotator (phase shifter) is expressed, for

exéarpilss polyrmvemialke pol ynonial s using the pol ar

coordi nates _on an 15 optical surface of the aspherical
odild8] TABAEDL(2) phase shifter). Then prepared are a
first Ptcfil'e T21 indicating a relation between

coef fi atd of the respective terns in the Zernike

pol ynom al s expressing the optical rotation (phase

shi ft F42st ro basifon of each aspherical optical

rotator (phase shifter), and change in the pupil

pol ar iIEZ&Bi onp strafe 20 di stribution about each point on
the surface to be illum nated, and a second table T22

i ndi cagtzag @bél_ali on between coefficients of the
respective terns in the Zerni ke pol ynom al s expressing

t he oqjj al pF 5ajPon (phase shift) distribution of

each asphérical optical rotator (phase shifter), and

change-.4 A .t hezpo ization state distribution on the
25 su&%%@e t %Ebi{ﬁl um nated, [0177] In this way, the

desi gn ep 5252 s to determ ne the optical 86

FPO6- 8:‘\42%: Od?;g@ot_agﬁ d’nc?%ﬁase shift) distributions to
be given to the,respective aspherical optical

r ot at §r48¢ pHase S‘hEEtCeSFIQ)Q for alnost unifornmy

adj usting each of digstributions of pupil polarization
stat e8P :r éspeet 6y +bi nts on the surface to be
illumnated while alnost uniformy 5 maintaining or
adj ustp‘zjg;()t;hepﬂ@bm igzati on state distribution on the
surface to be illum nated, based on the eval uation

resul tpahqut LHgn3 g
FZ12: (40°—=3) p cos20
FZ13: (4p°—3) p’sin2 6
FZ14: (100" —120°+3) pcos®

FZ15: (10p°—120°+3) osin®
FZ16: 200°—30p%+12p°—1
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pol ari zation state distribution acquired in the
eval uation step S24 (specifically, the polarization

state distribution polynom al sinmultaneously ~ FP06-0456-00

expressing the in-pupil distribution and the in-inmage

10 plane distribution of polarization state
distributions), and optionally based on. an

opti m zation technique by linear coupling with

r 07 Epde the adjbstnmitanettaid of the giresahtsmodbiicatoon example,
i nformati on approxi mated by the Zerni ke polynom al s,

t tiee aext edtey iinrtobevaleate ahdistphutten ofopalarmatipphstetes about
shift) distributions of the respective aspher. cal .
opach gloinbbyt pelarptadion dtate distributipngpelynbemishasgefiinction
the pupi| polarization state distribution in the .

f iof sthe aihagerpianearpplanecoondindtasi On 9t waeh thaepupil polar
optical rotation (phase  shift) distrjbutions of  the .
r eopedinates (ps Pebassd onthe eoe nfs drisof fiearespective terms in
shifters) and the change in_the polarization state

dithe Zesnikeopolymomnials aeqwined daihe approximation stp wRa (524).
next step,is.to cajculate th upi | pol arj zation state
diSaepuﬁQﬁﬁbénﬂ@b@u Uationa StephiSAds 19 Ho; fet dhe rRelarigatige state

.uni nat ed ol ari zation state di.stributj.

g:ﬁflﬁmb%@ﬁ%ﬁg’%@gﬁbt at gxArpsResdheinplarnzation statg (i’og‘irllgﬂlﬁon
SAPPiL cash notel radctinction: s M taas Taredom Lomaduates (b
329 34 R RUBT PO ROTRUEIER ((Pr Pr ohF i B3 SSINg 'Of the
optlietion staes distabuErpeBaeny Rl s lern S Bnate B Us.
t rathisped” “BpiRHdn | Ne' SIITATIHTORBRE0T SHEL JaRRES Patent
PHEPBlir AR EOAIENE FBBTIARPE, on the surrace to
QTP UGty ArbARLB oS S e e il of an, gheration
 espsa U9 Sebtked 2y, BERSSRH bt projoction
SHHEL TS 4 5t S T i BELGRLASRASLS . o
and the pupil polar coordinates (p, 0), and it is apparent that the
polarization state distribution polynomial can be set by a similar
technique. In this manner, the evaluation step S24 is arranged to
determine the coefficients of the respective terms in the polarization
state distribution polynomial, based on the Zernike coefficients Ci of the
respective terms in the Zernike polynomials acquired in the
approximation step (S23), and thus to express and evaluate the
polarization state distribution about each point by the polarization state

distribution polynomial.

[0173] Specifically, as disclosed in the foregoing Applications and
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instead of the trial-and-error nethod, the
determ nation step S22 results in determ ning that

both of the pupil polarization state distribution §pEhe-0456-00

10 the polarization state distribution are al nost
uniformto the desired extent, and the-fl ow proceeds

to. the shape determ nation step S27 of. aspherical
optical rotators (phase shifters). [0179] The shape
detlesrs] anenidon $§ Grused, for dxaamples toiarifernilee fundtameZi of
shapes of the aspherical optical rotators (phase )
shi dpeeifi} tamnpasdaycdadficictfi ofethlei spectfi¢ bermt énthe eoblarization
optical rotation (phase shift) distributions

c atate| distibution ipelylewnil st dgptefiined hforl esstmples by ¢he deast-
manufacture the plurality of aspherical optical

r stjgany améthival ebadeids ar ®) distvibugiorhen sthef ammges plgres of the
determ ned in the_shape determ nation step S27 and .
opoirtesponding Zeonikec coelidient Ay «hsttibasioshapeoefiicient Ci at
conpl ementary to the foregoing 20 surface shapes, and

t ¢achcof ppoinits). eadivrtiermerepaaitenitonr isd fas itoala Zernike
optical rotator (phase shifter) pairs aé predet erm ned
pdeneiiondi of amethepspeeidic tgrm,cand sxepttiqigat &Rfjtﬁgt g term
met hod of the npdificatiqQn .exanple iis conpleted in

t s thay polanizasjonrhgtate)j distribRtione dymeia; dsnsubgequently
t he above-degcri bed 25 enbodi gent or nodificatipn
e%‘;ﬁ@urameéi,a aro expmibleathye, theo leask-sapake msthoai Based on a

adj.ustment of a plurality of. exposure apparatus .
" isamuEpn fn e Dnspopkit 06 165 cosbipentnesL eike coefficient

rriggfacturing factory. In this case, the plurality of

sure apparatus are desirably adjusted so as to

wiDR 72 13RS S, ¥ Evaliterlon plen 82 RS oAl Poraining

o AP B SRR i) S D5y GER93 e

SO S B BN A8 RS 16 ec AL iuion of

" YotaA YRS (hAARUEBALUC By COLAE WE" ahCiaR state
distribution polynomial simultaneously expressing the in-pupil
distribution and the in-image-plane distribution of polarization state
distributions in this way, it becomes feasible to analytically decompose
the polarization state distribution and to calculate an optical adjustment
solution more quickly and accurately than by the ftrial-and-error
technique of numerical optimization with a computer. Namely, it
becomes easier to capture features of the polarization state distribution
situation by the polarization state distribution polynomial and it
becomes easier to have a perspective on optical adjustment.

[0175] The next design step S25 of aspherical optical rotators (phase

shifters) is to independently adjust each of polarization state
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panel s, CCDs, thin-filmmagnetic heads, m cromachi nes,
and so on) 10 using an exposure system having a

plurality of exposure apparatus. This system util Fpgs-0456-00

a conputer network- outside the manufacturing

factory, for action to trouble and regul ar mai ntenance

of the manufacturing apparatus installed in the

sem conduct or manufacturing factory, or for ]
ndigttibutione abeuv pbasl podhtscimthesurfase om befilloabinatedso that
15 [0182] Fig. 25 is a drawing to express an overal|
sotleof doe pupilpplarizatite state shstribationcand the pelaxization state
froma certain aspect. In the draw ng, nuneral 301
ddistgjbatien i thes sfase doth illsmminateddreaalmostouniform to the
(apparatus supply maker) for providing manufacturing |
adpsired exterit and i oleteming (eteoilculate hrequired eptisab sotation
of the manufacturing 20 apparatus assunmed herejn )

i (phasge shifk), cdm@ububonm%@cgwenw do thepaespertiveaspherical
vari ous processes used _ in sem conduct.or nuf gct.ur i, ng

f aptical aotatory (phase| shiftgrs, rfp@c@@,}sliSHggegiﬁ Arization state
(1ithography apparatu such as_exposure appar at us,

r éstsibupionc €ssithg apHacat E%,b%nklﬁép&ﬁtﬁ , a&ﬁﬁﬁ&&l&&? need.
thermal treatnent agpparatus, .fill mform ng apgaratus,
z§nﬂcaﬁq%alfsz e gHsppEtan ,pcdala.zat,lmar%atsgﬁ- eoévérs’fwé%éo be

CSHARIERS G Bt S8 5t BB seaypton sep
SRR D B0 B R PEAST o Rbons of
R o
RS TE G Ron| RHEPG 04040 BT EE blgn 0 b

ARG BB PRERR g BE  e o
STGRABE 5, A H B B B ERcBOA on an

- denRi 1 RPHRCSH Ihd Sspherical optical rotator (phase shifter). Then

prepared are a first table T21 indicating a relation between coefficients
of the respective terms in the Zernike polynomials expressing the
optical rotation (phase shift) distribution of each aspherical optical
rotator (phase shifter), and change in the pupil polarization state
distribution about each point on the surface to be illuminated, and a
second table T22 indicating a relation between coefficients of the
respective terms in the Zernike polynomials expressing the optical
rotation (phase shift) distribution of each aspherical optical rotator
(phase shifter), and change in the polarization state distribution on the
surface to be illuminated,

[0177] In this way, the design step S25 is to determine the optical
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10 factories of sem conductor manufacturing nakers as
users of manufacturing apparatus. The manufacturing

factories 302-304 may. be factories belonging to FpP6-0456-00

mutual ly different makers, or may be factories

bel onging to one maker (e.g., a factory for
pre-processing, a factory for post-processing, and so
on). In each of the factories 302-304, there are 15 a
plrotation Y(phlseeshific tdistritgitrppanat be I6en nod uthiengrespective
foregoing exposure system (a plurality of exposure
apsphetics)) ,optidabc abtatoma (phasewskiftdraly) fatlalmost uniformly
constructing an intranet while connecting them and a
hasjustargacke of diysitarti@t7ofpupilnpoliarizatiop statescat fespective
monitoring operation situations of the respective
nmpodhtsctar i thg sppfacat de b6 illamimatedh oxhilenabiyest neniformly
system 307 provided in each factory 302-304 has _a
ganaimdgining coradjusting thee polarizationnstese hdisadbetiont on the
Internet 305 as an external network outside the

f surkce. torthes iduatinatedadeased prothe |earlmation regaléhabout the

factory through Internet 305 tqQ the host managenent

s el arzatosn ostaten edle*@th}morsochswé{] 12N ah@c@%&slan@n step S24
permtted for only 25 Iimted users by,the security ]
f dpResifically, t nthenospolaaGeRment Stglest efistubytiony polynomial
FPQ6- 0456- 00 [0184], Specif.i cal l.y,..each user is ..
p&imliangouslys expressing fhe SRRl shistribusions and the in-image-

- LRSSV e O bt A, d S Buians)., agd optionally

YRR B #n GRPERER AR BF DGRERY HieRE cOURDE Eitpgeference to

2B D5 SRS, 29 HORHRt SpRRCEIBAER B9 e
(oot PRRGTBHE0.8 LRGSR B oo (hase
SR g 5o 8B, SRR LB R s
BRI R5h LA e SRRl {38on n e

a1t table T21, and the correlation between the optical rotation (phase

shift) distributions of the respective aspherical optical rotators (phase
shifters) and the change in the polarization state distribution in the
second table T22.

[0178] The next step is to calculate the pupil polarization state
distribution about plural points on the surface to be illuminated and the
polarization state distribution on the surface to be illuminated, in a state
in which the plurality of aspherical optical rotators (phase shifters)
provided with the optical rotation (phase shift) distributions determined
in the design step S25 are placed at their respective prefigured positions,

i.e., in a mounted state of the aspherical optical rotators (phase shifters)
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factory 302-304 and the. .vendor .301 and for data
communi cation through LAN 311 in each factory. A

dedi cated network (e.g., ISDN) w th higher securi ®P06-0456-00

to bl ock access fromthird parties can al so be used
instead of the Internet, as an external network

outside the factory. The 15 host nmanagenent system

does not have to be limted to that provided by the
v€RA6)., Murthdrmareal Eoipodetethmead wﬁethera each of the pupil
configuration wherein a user constructs a database
apolpiization staterdistritasticnr ahbut edural kpaintsaent ihe panface to be
access froma plurality of factories of the user to

t iiduganatiedsand the pedyrization state distritwriep onathed safaeento be
to _express an overall system of 20 the present

T Lo L b T
oo Jublupsifers & herdedien e (52t Plnc i
t Ppiggh retationy {phass) smég@%maé’%?@% WRIR dgarily: arg aceprately
L e L e
raReead bR dTab BRIl W BORee e mAtAT, AP 22 Gesults
P i8R 64 B0 oE 5 AR oD e Bty ana
SRS A S by oo the cesived
C STty A ther BV et e RE IR b YR ik Step, S27 of
i RUEEA! oG 3o RABT DHER SBRARANCt ot ir g

188791 5 Hiof s BFREn, SIS R0 PERUBRR Bt
SBBEE U7 (AR SRR A ATYOEROREIUASE W Sy for

‘é"ir%&l’iﬁfi%:‘ftﬁ%t %ﬁﬂﬂe&o éﬂiéfb%‘l At Yetiod! (fMase “%E%Pfﬁﬁtﬁﬁgutions

st and 'second-exposure appar at us

f QLEAAhR BIMBRd UGB steBN34. PTAGERS! BRpRPRY Alattifacture the

plurality of aspherical optical rotators (phase shifters) having the surface

shapes determined in the shape determination step S27 and optical-axis
correctors having surface shapes complementary to the foregoing
surface shapes, and to incorporate each of the manufactured aspherical
optical rotator (phase shifter) pairs at predetermined positions in the
optical system (S28). The adjustment method of the modification
example is completed in this way.

[0180] The adjustment method according to the above-described
embodiment or modification example is also applicable, for example, to

adjustment of a plurality of exposure apparatus installed in a
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203, and a filmform ng apparatus 204. In Fig. 26 only
one manufacturing factory 201 is depicted, but a

plurality of factories . are networked in simlar Fp06-0456-00
15

fashion in fact. The apparatus in the factory are
connected through LAN 206 to construct an intranet and
the manufacturing line is operated and nmanaged by

host managenent system 205. [0186] On the ot her hand,
egemiedndugbnasaneficaliling hfaenorsy. of It Heis cespetticl phurality of
vendors (apparatus supply makers) such as exposure 20
apRrpLAtitesappEtatus2d@, destmdy adjusted songs tphavatheir rekpective
220, and filmform ng apparatus maker 230 i s equi pped
wipolardzdtion statesaiglemeion] vdtts each 2ther. 22ThisaaakéoOPC (optical
execution of renote mai ntenance of equi pmrent supplied
byrexirhity endmectianyl fdre mhasks nsedgbyenat usgst efn thes exposure
mai nt enance dat abase and a gateway to the external

napperdtuss commen caimoag dheveurality bbsexpasuagaapparatus, and
system 205 for managi ng each of the apparatus in the
meedmeest theimask eestory of the user is connected 92

FPO6- 0456- 00 @ through the Internet or a dedicated

ng0hB8i k The esloav wall desonbrean erample d srpradiestion system for
systens 211, 221, 231 of the respectjve apparatus .,
vénsedevigns 6Sﬂm1qqawd§c§qrs@1@@s§upﬁ&§b1(és apadrals; ﬁwcwstal
one of the_ sequential manufacturing equipnents in fhe
nﬁﬁ@ﬁ{:ﬁet@lﬂnﬁ; u?maugl,ﬂm Héagﬂ%%‘“erclbqaidén mgicremachines, and so on)
manyfacturing line will stqop, but trge vendor of the

e QSIREER SXPORUEen SYSteBu 1Ay IRg na JurFalith PErResure apparatus.

F b S Hrer BBYZHT it HOITRGLE HBCGY o ORITAE. the. martitadturing
BRSO Al dRe i nTORbIE S 6RE ekl apgitondnid of  the
LSR8 RS e PRtk Yool Rloninprring
PSR Bren S B e B G BR Y B
[0182] Fig. 25 is a drawing to express an overall system according to
the present embodiment as a view from a certain aspect. In the
drawing, numeral 301 designates a business establishment of a vendor
(apparatus supply maker) for providing manufacturing apparatus of
semiconductor devices.  Actual examples of the manufacturing
apparatus assumed herein include semiconductor manufacturing
apparatus for various processes used in semiconductor manufacturing
factories; for example, pre-processihg equipment (lithography apparatus
such as exposure apparatus, resist processing apparatus, and etching
apparatus, thermal treatment apparatus, film-forming apparatus,
planarization apparatus, etc.), and post-processing equipment

(assembling apparatus, inspection apparatus, etc.). In the business
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operation of the apparatus. The storage device can be
a built-in nenory or hard disk, or a network file

server or the like. The 15 aforementioned network FP06-0456-00

access software includes a dedicated or
gener al - purpose web browser, and provides, for
exanpl e, a user interface of a screen as shown as an
exanple in Fig. 27, on the display. [0188] An
op&nblishmennagdhgtiidre merauhadiost | managemeat usysteneadd8 for
factory enters the following information in respective
i pronidiigns emaihtenad@es databmasehidfe rhamisichygingeapparatus, a
screen: m)del of manufacturi ng apparat us (4013
seturality oftoper4de2 Yermimmb computersB £0 208, lodal eresf network
occurrence (404), degree of u“% ncy (405), synptom

1

(¢DAN) 369i amstreetiag ¢4 dTranet whileioBmecing dhemn. T‘lhaahost

input information is fed through the Internet to
rmaianapeans ysteh 8 hagl asgatevioy &recomaq:ﬁ@gaﬂn@eLAN 309 to
information 25 as a result is fed back fromthe
mhittereetand@S daheangs ean o enterpaksartwarkon outsidedi thgl ahusiness
The user |nterface provi ded by.the weh hrowser further
ossiablishmess, eod pr seewdy Kypetion nfors limuting,gccess from the
(410-412) as illustrated, and thus the operator is
alougside. t o access nore det ailed informati on about each

501 S5kt o ot himd paomssals 300 1 Eé@h'sﬁaae?fmé‘qﬂbfmmg
v 5%?@; §é“m2q$nh ”’Séﬁn'é%%if%pﬁeﬁ{g;;: Cerfor 88 O Bsers of
i nfor tio or the o at or t he tory t I
ARSI, EPPSF F‘ﬂ%&c 302304 may.
f:niu[li |m‘orrr§8|8102§£}get ol HZ&tIO% tate, ..
niass@:ﬁg ?lﬁ)@gm ¢ By digersoPmaRerd Bl iy 1t tories

e IR T TEPHIRE g

d

R BFl ot BbS . "l 38, EF RS FERGHBR S S0h e are
Q%Lﬁ‘?t #ﬁwg‘gﬁl@pﬁ%&@%%%ﬁﬁﬁaﬂhn%dﬁh‘fnéﬁlﬂ‘il‘fér%te' Poeoing

exposure system (a plurality of exposure apparatus), a local area
network (LAN) 311 constructing an intranet while connecting them, and
a host management system 307 as a monitoring device for monitoring
operation situations of the respective manufacturing apparatus 306.
The host management system 307 provided in each factory 302-304 has
a gateway for connecting the LAN 311 in each factory to Internet 305 as
an external network outside the factory. This enables access from
LAN 311 in each factory through Internet 305 to the host management
system 308 on the vendor 301 side, and access is permitted for only
limited users by the security function of the host management system

308.

90



10

15

20

25

only the linear conponent (inclination conponent) of
the optical 15 rotation distribution is to be

conpensated for by this aspherical optical rotator Fpo6-0456-00

the optical rotator used may be one of a wedge shape,
as shown in Fig. 28 (a). In this configuration, where
the wedge angle of the wedge-shaped optical rotator
is extremely small (e.g., when it is in the range of

0]6184p Shecificdlig e wakr dxi peravittedC t@rsefidea notification of
al'ways have to O be provided. [0191] Concerning the
akgitaseihfemesti@s phirdicatingphaperationf t situatidnes e of ondegpective
the |inear conponent (inclination conponent) of the )
pmasreufabhifring dapparatust 306 (s.gt,0 absymptpendt ad nianufhgturing
this aspherical phase shifter, an optically )

t mpparEtus rufferinge trduble) drams thee £actery aide dosthe wendon side
(stress 25 birefringence distribution) of the |inear

c dhpmmginthe fstesietv3035, namd ghe 28er (o permitted éo useeive response
instead of the aspherical phase shifter. A
diisforimmatioroto the PRtial®e- (@g..oinformagionnio tindigate thew to

optically transparent nmenber shown in Fig. 2 .(%) is a
phhandle thet troubte,i and | sitware wad idﬁ‘eearf%%wuﬁmg, up-to-date

(inclination conponent), .as shown in Fig. 28 (c). .

[ Gofwarep andxmapnienasee ainformation sugh #eg%l@ prigatiop from
transparent 5 nenper making the mask has

bithef vendmsidledi s emm&mmﬁﬁ@onaﬁﬁqyeeﬁe@%%&ommnly

accordi ng.to_each epbodi t descri bed ahove ermts
t psedppartheukntemst| 1y MSﬁa‘f gart o OMGUHCEL O, ﬁ?%ean each

c B aoPR Dy atdh i EPRPR oAb oaid Gy RBlR | Gmunication
adipesiah RARA ity acdeton & SRBeREAn Ry e (s 8D
orithBRER Seeier i bl SRR oY hhldiiedP el be used
orBsiead i dearfersha Fos ol BRfleufide the feegy  The
o SIS A S b
thig \fe?fd%ﬁ',d@ﬁﬂ s also possible to adopt a configuration wherein a user
constructs a database and places it on an external network so as to
permit access from a plurality of factories of the user to the database.
[0185] Fig. 26 is a conceptual diagram to express an overall system of
the present embodiment as a view from another aspect different from
that of Fig. 25. The example of Fig. 25 was the configuration wherein
the plurality of user factories each with the manufacturing apparatus
were connected through the external network to the management system
of the vendor of the manufacturing apparatus and wherein production
management of each factory and data communication of information

about at least one manufacturing apparatus were performed through the
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n %p,tl I
- afppesatus 202 e Erggeingge htIes

15 distribution, and it is thus feasible to correct
degradation of polarization states due to the

projection optical systemand to reduce |ine-w dt hFPO6-0456-00

anomaly of patterns forned on the photosensitive
substrate. [0193] The exposure apparatus of the
foregoi ng enbodi nent can be used to manufacture
m crodevi ces (sem conduct or devices, inmge 20 pickup

deyiciBsl hétdrdl Cr at alontiasp! &y Hevilkesprekbnt-ddniple is a
magnetic heads, etc.) by illuminating a mask (reticle)
byohtigutatisririwlictna thttoeplequiymat atitls nfdrhifhctunialg apparatus
step) "and projecting a pattern to be transferred,

f of Pidrdl vérftorsas konasttedathpbogl senexteinval sethwirkadwtside the
with the projection optical system (exposure step).

Afaeseypte wbnagéeehti systerat br thergedpeetive vendors of the
predetermi ned circuit pattern in a wafer or the |ike
asnangfacturienapparatus andsrheremn datshcomenenipationds performed
apparatus of the foregoing enbodiment to 95
FFO6 niibferiiice dnfarmatemiofosmbic ranudectucing gpparatus.  In the
m crodevices will be described below wth reference
t draweng,| oamlesalt 201 deisignates a] mpanfactheng; fastorst ep azoger of
in Fig. 29 is to deposit a netal filmon each wafer
i mamafactiring appaeatus §sapicoriticton dewisp magufacturing maker),
phot oresist_onto the 5 netal filmon each wafer in ]
t land @manfacsuingtnerin thedpcos m§%ps%dq@gan manyfacturing
transfer an image of a pattern on the mask into each
stpparathisa fon aausaprIcesseshe-got vt Aigh sagend exposure
projectio i cal system sing the eégosure .

PIOCERSYE gRRAratus -

ordURo  aReh awchish ToREE. ABPARAE ( RAGsublBaldn: 44 opnly one
aaPA R 186tss £} A deblcifle but gLy fijories are
t Metngeked if siphiE ERBionane et ddenenapaie BUIEHRARy are
" aprect atpnghe LARL, 29 daninselft g Ins@pPReha the
ﬁ&fllﬁjaﬁ Actln rinné ofifucty rop%?ﬁ’tieﬁe Snd’ tﬁ?a:?z&%\ﬂe b‘gre st blen%nagement
system 205.
[0186] On the other hand, each of business establishments of the
respective vendors (apparatus supply makers) such as exposure
apparatus maker 210, resist processing apparatus maker 220, and film-
forming apparatus maker 230 is equipped with a host management
system 211, 221, 231 for execution of remote maintenance of equipment
supplied by each vendor, and the host management system has a
maintenance database and a gateway to the external network as
described above. The host management system 205 for managing each

of the apparatus in the manufacturing factory of the user is connected
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of manufacturing sem conductor device permts us to
obtain sem conductor devices with extrenely fine

circuit patterns at high throughput. [0195] The Fpp6-0456-00

exposure apparatus of the foregoing enbodi nent can

also 20 be used to manufacture a |iquid-crystal

di spl ay device as a mcrodevice by formng

predeterm ned patterns (circuit pattern, electrode
P#irioRfoh theChiftedne®dbrid dedicated aetwbHloas lext@mhl ndwork 200 to
exanple of a technique in this case will be described
Wi m&ﬁ&%ﬁ’ﬁ@ﬁt tsgstcmes fA1chal t 28fl bif ahe3Bespectivei gpparatus
30, a patiern fofmng step 401 is to execute a

sqefdbled Wheihahofhis ngtanhy sbebld ectusndheany one of the
pattern of a mask onto a photosensitive substrate

( gba@sentialbsidraifacivenice ¢quipimeaty dni fte, noanufaetidke)line, the
96 FP06-0456-00 with the exposure apparatus of the

f opegationy cfinthed imentfactitring Ipteotwilli stopgriapththestvepdor of the
results in formng the predetermned pattern

| eguipinent avithurthertrofiblel ean rpetfsrnamgnuiteemsintenahee through
photosensitive substrate. Thereafter, the_exposed

s the Intereet 20G tojuickdy care farcit, thereby mipiméizing the stop of the
devel oggent., etching, and resist renoval, whereby a
pmeaiatfactinmgilipgt tern is formed on the substrate.
Thereafter, the rocess shifts to the next ,col gr .

fi[01 87] fhachi ngf sttgp muznufastusngThappasatus olistalled; ein  the
form ng step 402 is to forma color fiJter in _which ft
n$epEcondueier smanufagtusingofactory riss panpgg Motk 2 F!i'éP,aYa a
G 10 (G.een

and (Blue) are arrayed in_a matrix

 paretwionk mter%airvem anesappligatianbiarn petyworks a¢qes steped in a.

R, (1 and B are arrayed as plural.ity of.lines al.on
¢ inbOge Georiee and AreOmRBLET; 108 GXESRINS A SHTTHERS Aepligation for

of the.colo ilter form st 402,. a. cel | ey .
aRSHRIPR Ok t1B APRATAdUL oy ﬁﬁ‘)@d sg(ﬁlage-rﬁgvpg can be a built-in

SSSerty LR 05,1 5;12 Saannd sua LA Cerstfle.  The

a7 SEUAAL AR SRR LB LS, oot o

t hgeen%% —Iraultpiolsteerweb browser, and provides, for example, a user
interface of a screen as shown as an example in Fig. 27, on the display.
[0188] An operator managing the manufacturing apparatus in each
factory enters the following information in respective input items on the
screen while browsing the screen: model of manufacturing apparatus
(401), serial number (402), name of trouble (403), date of occurrence
(404), degree of urgency (405), symptom (406), action needed (407),
log (408), and so on. The input information is fed through the Internet
to the maintenance database and appropriate maintenance information

as a result is fed back from the maintenance database to be presented on

the display. The user interface provided by the web browser further
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formng step 402, and so on. [0197] In the cel
assenbling step 403, for exanple, a liquid crystal is

poured into between the substrate with the FP06-0456-00

predeterm ned pattern 20 obtained in the pattern
formng step 401 and the color filter obtained in the
color filter formng step 402, to manufacture a liquid
crystal panel (liquid crystal cell). The subsequent

S RIeaSEOPBHINIE FineHoA4(410-492) i stiBhktremdh id thus the
conponents®such as an electric circuit, a bacﬁllght,

eloperatbp'is AR &Y tORRLALd edoref déthedsipésithedon igboud each of
crystal panel (liquid crystal 25 cell) to conplete the

| itheingd, ot phll & sofiare eyipticatidheofbeugp-teidaty vbrdon to be
met hod of manufacturing the |iquid-crystal display
dereden Hé mEBafAtainglappeeatis) from 4 cofiwatnlibimey provided
l'iquid-crystal display device with an extrenely fine
cibycaivendairf end tet retighe tanr opetapion. ghiidieodielprinformation) for
foregoi ng enbodi nent the exposure light was the ArF

exthé operdtes ef the fidtofywevefent.h: 193 nn) or the KrF
excimer laser light 5 (wavelength: 248 nm), but, )
wi[0h88} Thwy forggomgp etatizs informatioheney eomaipr dseinformation
invention can also be applied to the other appropriate |,

| @bent |thghpolasinations state gneasured2by ather polayizationmeasuring
for suppl gi ng laser light of wavelength of 157 nm |

[ ectpn| A8t e the dygsegeingrissabodimentheangd ethentaforementioned
i nvention was applied 10 to the illum nation optical
appspensgsinformatipn may contpinHhe nasarmation abouk e ad mistment

apparatus, hut the present inyentiqon is not limted to
- tmmou@ﬁanﬁaﬁ@ aﬁtmenwnafo@@dawa arphase Slideasnes nembers and

illumnation optical apparatus for illumnating a
srarigble PBUS@P?Q"BUH%@&? €raxcept for masks, and to

o N el T S——

phoarﬁt}af %lllé fﬁrrlga{]rc %o%eﬂgﬁén% (inclination component) of the optical
rotation distribution is to be compensated for by this aspherical optical
rotator, the optical rotator used may be one of a wedge shape, as shown
in Fig. 28 (a). In this configuration, where the wedge angle of the
wedge-shaped optical rotator is extremely small (e.g., when it is in the
range of 0.5' to 10"), the optical-axis corrector does not always have to
be provided.
[0191] Concerning the aforementioned aspherical phase shifter, where
only the linear component (inclination component) of the phase shift
distribution is to be compensated for by this aspherical phase shifter, an
optically transparent member having a stress-strain distribution (stress

birefringence distribution) of the linear component, as shown in Fig. 28

(b), can be used instead of the aspherical phase shifter. A distribution
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5 depol arizer 6 diffractive optical elenent 20 7
af ocal lens 9, 19 variable phase difference units 10

coni cal axicon system 11 zoom |l ens 12 vari abl e opt FP@B—O456-00

rotator unit 25 13 micro fly's eye lens 14

pol ari zation nonitor 98 FP06-0456-00 15 condenser
optical system 16 mask blind 17 imagi ng optical system
18 pol arization state neasuring section 5 Mmask PL

PHPASAL PRI 0 PRl B Pontin M. 2

for 11lumnating a

Siiy fACshdsR RBift! QlseAbibRUof! thed 1deSHr RBnRSOdtZ @iﬂtc‘rl])iglation

state ‘on the basis of light froma |light “source,

ibbgﬁo?@hk);as@,ﬁbwﬁinp@as s conprising: first

pol ari zati’on changi ng nmean or locally changing a
PP PIZ 2Bt Cekahplee dferl iiha Ednel WhiTe nah coptiealburtt@aesparent

to be’illum nat'ed; and second pol arization changi ng
NBatabEO! mMakéng | Yhe hangkndhas pol direfahgemcest distriblitian, the

position on or near a pupil plane of the illum nation

opdjusaneappaetiods according to each embodiment described above
permits the apparatus to illuminate the mask with illumination light with
a polarization distribution capable of co_mpensating for the birefringence
distribution inside the mask, and it is thus feasible to correct degradation
of polarization states due to the mask and to reduce line-width anomaly
of patterns formed on the photosensitive .substrate. Even in a case..
where the projection optical system has a predetermined retardation
distribution, the mask can be illuminated with illumination light with a
polarization distribution capable of compensating for this retardation
distribution, and it is thus feasible to correct degradation of polarization
states due to the projection optical system and to reduce line-width
anomaly of patterns formed on the photosensitive substrate.
[0193] The exposure apparatus of the foregoing embodiment can be
used to manufactufe microdevices (semiconductor devices, image
pickup devices, liquid-crystal display devices, thin-film magnetic heads,
etc.) by illuminating a mask (reticle) by the illumination optical
apparatus (illumination step) and projecting a pattern to be transferred,
formed in the mask, onto a photosensitive substrate with the projection
optical system (exposure step). An example of a technique of forming

a predetermined circuit pattern in a wafer or the like as a photosensitive

substrate with the exposure apparatus of the foregoing embodiment to
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2. An illum nation optical apparatus according to
claiml1l, wherein at |east one of the first and second

pol ari zati on changi ng nmeans conprises a phase mn§?06_0456_00

for locally changing a phase of passing light. 3.
illum nation optical apparatus according to claim 2,
wherein the phase nenber has a pair of optica
menbers made of a biaxial crystal naterial and

| 868tiR%enicBHEHAlorRIEEE hY rhitr8déVices tithbefdesbibed below
optical axis, wherein the pair of optical nenbers are

POAELH FOREhRto! thtflGwchan Yfatigognaphi ¢ axis of one
optical nmenber 1s substantially perpendicular to a
%&P@ﬂ Tegr Aaki ke B0 @f Figle29tihes dupositad m@abéilm andeach
erei'n the pair 'of optical nmenbers are forned so that
awglef igigRCRtbeRene stehckOR$s tofapphe aopisotopédistabnto the
menber and a thickness of the other optical nmenber
ahesg! dilin wm paclalwefertin tiee lopt | The swbisequent step 303 is to
different fromthat along at |east one |ine anobng
okbguentialbys trpaséin &4 itnagehef agmitieral omths mask fmto each shot
illum nation optical apparatus according to claim 2,
waegzion theh whfeyeimiinddot theouglplthe apriojgcton wipdiwal system,
change adjusters which are arranged corresponding to
r esires tthee expgsunes appatatas pabi thep faregoing embedoment. The
whi ch can adjust a phase change of a passing light
beabseduentrstep | 104 natto qbﬁré'ptmcg@V@lppML@f thee phetoergsist on
to claim4, wherein each of the phase change .
adaobtwakertinghe 1stisnddhe suibsequenrtveiepl3tseis toopedormnetching

illum nation optical apparatus according to cl ai

m L,
- wiosy each safer anthe loteusing the rasisitpattean 48 ARRSK, an%i thereby

pol ari zati on changi ng neans has a polarization )
vapylorm aepipeyit fpﬁ%t%m%esa itp dhe ppitgra; en dhe mask, in
i nci eri_} light locally.adjystable. 7. An.illarri ation
oechashofAsge AN §ael swHErn g SUbSequsHh SePsvaslads ation of
pol.ari,zation varyi ng mepber has .a pluraljty. of .

D GHLERUIS MABANS A URper cleiht andloptietse thersbs manufacturing

Sfjci;%fj{:és[‘ gu@}o la?&%ﬁﬁ%%aﬁ@p%&qgffe%igés.i b ovel derindd fethod
of manufacturing semiconductor device permits us to obtain
semiconductor devices with extremely fine circuit patterns at high
throughput.

[0195] The exposure apparatus of the foregoing embodiment can also
be used to manufacture a liquid-crystal display device as a microdevice
by forming predetermined patterns (circuit pattern, electrode pattern,
etc.) on plates (glass substrates). An example of a technique in this
case will be described with reference to the flowchart of Fig. 30. In
Fig. 30, 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)
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8. An illum nation optical apparatus according to
claim1, further conprising a polarization state

nmeasuring device for nmeasuring a polarization stagpng-0456-00

of light reaching the surface to be illum nated,

wherein at | east one of the first and second

pol ari zati on changing neans is adjusted according to

a result of neasurement by the polarization state

TRARY' thed edPybER: a%faﬁ&uH bF”iHEatfbﬁé]fgcﬁﬁF' e botiaRiAL USThis

according to claim wherein the I rsT polarization

Cgﬁﬂﬂilﬁﬂo is%g;b oahRd M f@@]\fﬁﬁ% tHe tpfredswrimaed t pattern
b II'TunTnat ed, a position near the surface to be
' Ellldlﬁﬂﬁi};tf ef nunb@sidf elecoRidegahhd 6ty gai ethei photddensitive
surface 1o be illum nated, and a position near the

pegbitrae. oherdhftyr, m@nanas@i wiubbtrafee is wubjerted otobeach of
il lum nated, and wherein the second pol arization

chmpsi paclireandeveldpageits detehirgy, moditestst removalyewhereby a

the pupi|l plane of the illum nation optical apparatus.
1@redeteithingd matieon ptformedappatle tmibstraté.| | dhereaftay the
a surface to be illum nated, based on light froma

| ipgbtessahifeto thenexd eotondiltarfouping stepedfpar at us
conprising: a polarization converting elenent |ocated
n§@i 96 h&heundxamlop filter formimg steped(” as ta foosia color filter in
optically conjugate with the surface to be,

i Whichnatmember ofeaetst bf thoeq wlgss eostespondingirie R (Red), G
adg‘t ed for converting a polarizatjon state of )

i i{Grdem), andg® {Bilwe)oars arrayrsd Bt aimaiixeatiennz gt g which sets of
state, wherein the polarization converti nig ete_rregi,

| dbegel stripadilters of Rpol and Bherearrayad asdf piuralbi ahtings along

light on the surface o be illumnated. 101 11. An
| therkosizans e Hae ct\{ﬁyém-usxg&@@ SodRplstion efﬂ%%b%r filter

pHopaing gt 4D8s PesAll asHISBling PR ARG REMtR 20t or The cell

! agnemaia b g™ Rupvsenable S1aRId GRravaL PARElgig rystel

jarS ,a hgéga&%ogu%s%%té %Vlﬁll %lllem pi'Lé:Ldf:tg{rnrr%rrl%idf1 pattern obtained in the
pattern forming step 401, the color filter obtained in the color filter
forming step 402, and so on.
[0197] In the cell assembling step 403, for example, a liquid crystal is
poured into between the substrate with the predetermined pattern
obtained in the pattern forming step 401 and the color filter obtained in
the color filter forming step 402, to manufacture a liquid crystal panel
(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
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each of the plurality of variable phase difference
nmenbers has a Babi net conpensator or a Sol eil

conpensator rotatably arranged around an axis FP06-0456-00

substantially parallel to the optical axis of the
i1lum nation optical apparatus. 13. An illum nation
optical apparatus according to claim 11, further
conprising a polarization state neasuring device for

TRRE fiis"gs f oBRliprthediduln-&aie CB%plgdeEvié@ i B9 &Rfemely

ace to be illum nated, Wwherel ch of the

p'ﬂi{eaéi'ré&it?fatt\éﬁi hﬁﬁi@ﬂﬁéﬁgh f.ference menbers is

adj usted according t0 a result of neasurenent by the
PODRORT Fhi R fdrdbeingreathbdinteriietiec 8xpddureMight was the ArF
i 'Tumnation optical apparatus according to claim 10,
WeschhBr lddee lipdit ARl dmithe 908 atrh) og the &rFhéxiasertlaser light
plurality of variable optical rotating nenbers for
vqwaa«reuen%mhe bdigngns, pak.awigatitdmvingaol be langed toothese, the
incident linearly polarized Iight. 15. An illum nation
ofrésait iappatieh wanaxlso b applical td thewthir dppropeate laser light
conprising a polarization state nmeasuring device for
nmsasncasyge.g., pnl &si leaer diglst aberad for gdupplyaghilagert hight of
surface to be illum nated, wherein each of the
plwawdlengthobf Va7 inmbl e optical rotating nmenbers is

adj usted according to a result of neasurenent by the .
pd0apP} dnithe Rregeingrembodimgntithd peesens inventiom vsas applied
met hod of projecting a predeterm ned pattern onto a_
pitot heeHbiminasionioptical @pparass dor iupoisatiagt ther gwsk in the
using the illum nation _optical apparatus_for

~ i |XpPOSHES iappazatyey foa etheo present | inventigneds not Hmited to this

desired pol arization state on the basis of _light from |,
a exanple sovk o6, alse eppligablst iten Qsginary| illppapatign optical

conprising; .102 first polarizatjon, changi ng neans,for
|&mar@tU@?f9ﬁ WHBALRG Bfur enbe imigAted; greentfor masks,

illum nate the surfac o be.illum nated; and
and to aéjustment methods tthereof.

Description of Reference Symbols

[0200] 1 light source

3, 4 variable phase difference members
5 depolarizer

6 diffractive optical element

7 afocal lens

9, 19 variable phase difference units

10 conical axicon system

11 zoom lens

12 variable optical rotator unit

13 micro fly's eyé lens

14 polarization monitor
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second pol ari zati on changi ng neans for |ocally

changing a polarization state at a position on or

near a pupil plane of the illum nation optical FP06-0456-00
apparatus. 17. A nethod of nmanufacturing device

conprising: an exposure step of projecting a

predeterm ned pattern onto a photosensitive substrate

to effect exposure thereof, using the illum nation
opti cal 13RRAUBKYS dticdlldydfBrpating a surface to be
illum nated, based on Iight froma |light source, the

i1 um nagipasioBlihdal apparatus conprising a

pol ari zati on converting el enent | ocated on or near an
il lum nqqiiﬁﬁg@ggidpﬁcm gyngteand adapted for converting a
pol ari zation state of incident light into a

pr edet e gipiddrigation s&é nihstiriaipesectiogr ei n t he

pol ari zation converting el enent |ocally changes a
pol ari zMimaskst ate of |ight at a position on or near
the pupil plane of the illum nation optica

appar at B, prjectiord eptitalpsystemst ep of devel opi ng t he
phot osensitive substrate exposed in the exposure
step. 18V wafeadj ust nent net hod of adjusting an

illum nation optical apparatus for illumnating a
surface to be illum nated, based on light froma

i ght source, the adjustnent nethod conprising: a
first step of preparing a variable phase difference
menber for variably yielding a phase difference

bet ween incident light and energing |light; a second
step of setting the phase difference yielded by the
vari abl e phase difference nenber, to a predetern ned
value; and a third step of placing the variabl e phase
difference nenber in an optical path between the

| ight source and the surface to be illumnated. 19. An
adj ust rent met hod according to claim 18, wherein the
third step conprises placing the variabl e phase

di fference nenber the phase difference of which was
set to the predeterm ned value in the second step,
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in the optical path between the |ight source and the
surface to be illumnated. 103 20. An adj ustnent

nmet hod according to claim 18, wherein the second step
conprises a fourth step of neasuring |ight having
passed t hrough the variable phase difference yielding
nmenber placed in the optical path between the |ight
source and the surface to be illumnated; and a fifth
step of setting the pha€d.AIMSrence of the variable
phase difference yielding nenber to a predeternined

val ue on_the basis of result of t reasur enent
L.t he nl[lwrg%%onzap ica) @H%ﬁ%%ﬁr H&mmﬁtm&ar wrrfgcq go be
1llﬁﬂrﬁln@nea0 in ‘Whasstia ?bﬁri‘z@ﬁbhmtaﬁd &R thOAkIsSeFliFRASdM Qaghght
sod ol arization state of i ght reaching the surface

°| lum nated. 22. An adjustnent nethod according to
cl ai thel Blumamitorsoptcal apparatusst@ppoibingt ating the
var| ﬁ?%te EBP&%&H r{ el ﬁﬂﬁglrgm?ﬁ@rﬁr Oﬂr?lgt t]BSalggt 'cilgalnglng a
PO&@M@t%ﬁftatm@f ﬂm@@t@@ ﬂéuimlsaﬁe eanrTAdedoi bratllwningiedcand

appagéédiﬁif@blariia}ﬂmmaéhm%lﬁ]gsw&éaﬁ ‘fé‘r bRycall charhgmg a

uni nat e ase rom a t so
Polﬁ}%ﬁﬁ%ﬁ ok ﬁoﬁo%lélﬁﬁr?]g idigea & prpil 5‘@@5 theoekumwatlon
opticahgpparasuqol ari zation state of illumnation |ight
on the surface to be illunm nated; and a second step of
| ocal l'y chang| ng a polarization state of light at a
2. posi fArDﬂ wminatiore apteapapphrasiamecofdingeto claimm nathievein at

lee%@td ﬁg@?fﬁ&ﬁd s%éoné‘rké(gg%ﬁ%fﬁgﬁrgl}aﬂ%@?n%ﬁﬁ&glﬁ}ﬂlses a
p§é%mfan e fiar losally ¢ gadhase u;gh %ing a
phase of passing |i ght 25. An adj ust ment net hod
5. 20C O T AR bl A . 5 Wi e
phase imbinbeyi kadianpam oﬁ@jpiroai anemberstmbdenofiagbeaxial crystal
matBfiafi§hY 166488 h¥nBAlA Pré&finty3Rta direction of the optical axis,
wherein the pair of optical members are positioned so that a
crystallographic axis of one optical member is substantially perpendicular
to a crystallographic axis of the other optical member, and
wherein the pair of optical members are formed so that a
difference between a thickness of the one optical member and a thickness
of the other optical member along a line parallel to the optical axis is
different from that along at least one line among other lines parallel to the
optical axis.

4. An illumination optical apparatus according to claim 2, wherein the
phase member has a plurality of phase change adjusters which are arranged
corresponding to respective regions on the pupil plane and each of which
can adjust a phase change of a passing light beam.

5. An illumination optical apparatus according to claim 4, wherein
each of the phase change adjusters has a Babinet-Soleil wave plate.
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26. An adjustnment nethod according to anyone of clains
23 to 25, further conprising a polarization state
nmeasuri ng step of neasuring a polarization state of
light reaching the surface to be illum nated, 104
wherein at |east one of the first and second steps
conprises effecting each adjustnent according to a
result of measurenment in the polarization state
6. measdvl Hipmirgtion pptical appattne mecardingdtoaclesmdi nyvhesein at
Iea%@yéﬂé of theaist 2ad dedbnd iﬁﬁ%ﬁﬂa@l&h%hfahgﬁ{a% %%an has a

rises |ocall an ol ari zation,
oo R aber dor Heaking i Ra aApatier Skaie | ofnincident
hgmlezlmczﬂqeadwst@[ﬁe to be illumnated, a position
optically conjugate with the surface to be
illumnated, and a position near the position
7.opti dal iI!/ummt}tugabptlmk apparatus acéarding oo loéaim 6, wherein the
dobig S t I\ng
ehjlikm ﬁﬁﬁgﬁg B Nhid&, ﬁﬁﬂﬂﬂgf &P ﬁ@l’ﬁ?ﬂaﬁ B varying

OC a pO arizati o ngSI
elfamel@ﬁs dndependriply adiustiegopokar @aa@ﬁaitatqﬁso Blcmnt light in

a plul-alidyref oen] patibas! appar atus adjusted in accordance
with the adjustinment nethod as defined in anyone of

clains 18 to 27. 29. An adjustnent nethod of adjusting
8. an eAposiﬂumiaatlanabpacﬁbrappalrhmmm aad:mmﬂgng to claim 1, further

col 48,2 PR BTN SR hessrine o
mmn siﬁtQJOﬁhﬂibu‘wénsgtthe @usﬁabstto dreeilluoinetddct
eXpoﬁﬂfe@eﬁﬁﬁf st dﬁéebf'tﬁetﬁ‘l% n!dugécqﬁfd %BI%P;E&‘L&?H changing

par a I n accordance
%ﬁ}%t%ﬁ% eﬁ&q@&a&a&g bofTREL Iﬁﬁ%ﬁ@mﬁm@amﬁsp@@m@twn
stald meésuriip deyigst nent met hod according to claim 29,
further conprising a polarization state neasuring
step of neasuring a polarization state of |ight
9. r eacAimglurhimatloat optinal apparatubstomtimg ehelaim lawherein the

ﬁrE@?éfar%%o‘ﬁf ﬁ%ﬁgrlﬁfeaﬁy Gs ?&9&&5? naét@%n%ogp H:leS Eﬁlfface to be

ecti.ng eac st'ment “accor a resu
111‘#@&\% dndposttien ﬁ@af pol ari zati on state measuring step.

the surface to be illuminated, a position optically conjugate with the
surface to be illuminated, and a position near the position optically
conjugate with the surface to be illuminated, and

wherein the second polarization changing means is located at a
position on or near the pupil plane of the illumination optical apparatus.

10.  An illumination optical apparatus for illuminating a surface to be
illuminated, based on light from a light source,

the 1llumination optical apparatus comprising;:

a polarization converting element located near the surface to be
illuminated, at a position optically conjugate with the surface to be
illuminated, or near the conjugate position and adapted for converting a
polarization state of incident light into a predetermined polarization state,

wherein the polarization converting clement locally changes a
polarization state of illumination light on the surface to be illuminated.
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31. An exposure apparatus adjusted in accordance with
the adjustnment nethod as defined in claim29 or 30.
32. An adjustnment nethod of adjusting an exposure
system conprising: a first exposure apparatus
conprising a first illum nation optical apparatus for
illumnating a first pattern on a first mask, and
adapted for . 105 projecting the first pattern of the
11f-| r sAmalininadon qpttcad sapprratuseaserdingtte claimed Peatvherein

er ng,eXROo P,
GESPTARE OO ST A BNl b, s

differdnden ps MBeEs S8 oNanBaD: ek GHEa 2 dbgse erafenaaiﬁo|l(3tatween
incéidant ﬁghtﬁﬁd e@ﬁ@geﬁgﬂl@tt he second pattern of the

second nmask onto the photosensitive substrate to

ef fect exposure thereof, wherein the first and second
12011 unﬁmélluminaﬂfmnoqbtic&ﬂpm;ﬂramsaaecmuﬁilmgttedciamn 11, wherein

55 St S T e

compasatarg of i Slalpth gempeosateerrataiaply sArrenged erepndfan axis
suﬁﬁtﬁﬁﬁbﬂ?g PehREl ZRt ihe %)?Hc% $ 8kisl idtther aMEhiASSA optlcal

hdt 0sensitive substrate in the first and second
apg Y¥re apparatus; and a step of adjusting the
vari abl e phase difference nenbers in the first and

L3P ar i ﬁ@ﬁﬁﬁﬁéﬁoﬂpéﬁﬁ@é!nﬁgaﬁﬁiﬁ%@#om% Xaffi Fy further

comprésingma33poleization ttetest meastringdjdesticeig fohemeasuring  a
o‘l’aﬁ’i%ﬁ%r?s RESE 11 HEAGHIRE tHE%’Bffa%e‘%B'Hérilﬁﬁﬁlﬂ%%&or m ng
suc adj ust arization st
gff E‘%negcqa anembers

| i ghtV qrﬁ%pa% ah@ rpiuraéﬁat@‘rg‘éma levehasey

is taﬁﬁm‘ted Siccoxdinguroe aaRpaltad Umendhadmehi &yl the 9@12!?1323.@1%‘51 state
pol arization state of light traveling to

m‘fﬁ%‘l‘“&%ﬁ%ﬂ??ve substrate in the second exposure
apparatus. 35. An adjustnment nmethod according to claim
33 on 3 ] S h rvab

14Iohase 1 ]Thfd?‘*iﬁéﬁbﬂ néﬁgcal é@i’arg{usagkéﬁldh?% th @aYn?l ﬁé lvﬁaerem

he meelgriggtignperayettig cﬂiemeate & 41 umhtw p@nvamglhhe @nptlca

rotdtfhgs whéiberd Tor DRariaBlyMyRARL AHbIGri2hE6n AHoth6R! difele to
inGia3NPliNdaAy RuI3hLEE ﬁzg?ln Lateof ght at

15. An illumination optical apparatus according to claim 14, further
comprising a polarization state measuring device for measuring a
polarization state of light reaching the surface to be illuminated,

wherein each of the plurality of variable optical rotating members is
adjusted according to a result of measurement by the polarization state
measuring device.

16.  An exposure method of projecting a predetermined pattern onto a
photosensitive substrate to effect exposure thereof,

using the illumination optical apparatus for illuminating a surface to
be illuminated, in a desired polarization state on the basis of light from a
light source,

the illumination optical apparatus comprising:
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a position on or near the pupil plane of the
illumnation optical apparatus. 36. An exposure
system adj usted in accordance with the adj ustnent
nmet hod as defined in anyone of clains 32 to 35. 37. A
m cro device manufacturing factory conprising: a
manuf act uri ng equi pnent group for various processes
conprising the first exposure apparatus_and the
secofitstexpolanyzatigppachangings defansedfor nle¢allyn 3banging a
poldrEAlio ﬁ@teﬂ ﬂgh{‘té Hlurﬁg:'ﬂeﬁ@%é %ﬁrfa‘&? tﬂ%eﬂl@fhfﬂdt@& and
equi pnent roup; gat enay ?
acce%@%dor@@h@@ﬂag@ﬂl BEIS: VBEALS oftin l0sallsy rehanging
poheizeion sdtehte pdbtibAPoY nedder pupilddbae of the illumination
ication is enabled for information about at
OpﬁﬁgE%HKH@*EHU|pnent in the manufacturing equi pnent
group. 38. A mcro device manufacturing nethod
CONPRI cturing
7eqU| %rr@%p&)gdr gﬁ%{aﬁﬁfg&mﬂﬂ%aé“&%&ngﬂw ypri sing the
firsan efpure sigpacht Drojapidnghe peasishernainsss pagtern onfo a

phafRRnSiiA I&%béi?itb%%ff@cﬁ bﬁp&&% iHieled, Wising ieVilRnination

uf manu n
ophtel BRAd rﬁﬁezrgﬁasnmm a@@yt@be IHP%%E%Q%@; d on light
fromeaasli ttm;mpw"mctlllutmgaﬁqﬂl ppﬁmal glﬁaw .cofn nsmg a

pollsthclPLhifedBl sPShHg! TaedElreg & Bpfleh pupil
planenaridadapliedgfos oinyesting @rml;armatmnl siaw of mcedent hght into a
pr gﬂ?ﬁleﬁagﬁ% iBR S(Bétel npl enenti ng data conmmruni cati on

ut at’.least one equi qrrent in r
manuf act urW @reéQut rigabiep, cosieriag alement deeallynehanges

net wWg ol aigatdch %l@tf@ fd’f?h Hﬁht/\@f s‘i’tibﬁ'tggofAﬁﬁ:ar the pupil plane
m cro nuf actu or exposur e
nmet hgﬁﬂ‘t?f lﬁ% nn%p%czblraé&&r@ ﬁ'éf} pattern onto a
a development step of developing the photosensitive substrate
exposed in the exposure step.

18. An adjustment method of adjusting an illumination optical
apparatus for illuminating a surface to be illuminated, based on light from a
light source, the adjustment method comprising:

a first step of preparing a variable phase difference member for
variably yielding a phase difference between incident light and emerging
light;

a second step of setting the phase difference yielded by the variable
phase difference member, to a predetermined value; and

a third step of placing the variable phase difference member in an
optical path between the light source and the surface to be illuminated.

19. An adjustment method according to claim 18, wherein the third step
comprises placing the variable phase difference member the phase
difference of which was set to the predetermined value in the second step,
in the optical path between the light source and the surface to be
illuminated.
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phot osensitive substrate to effect exposure thereof,
using the illum nation optical apparatus for
illumnating a surface to be illum nated, based on
light froma light source, the illum nation optica
apparatus conprising a polarization converting el enent
| ocated on or near an illum nation pupil plane and
adapted for converting a polarization state of
incident light into a predeterm ned pol arization

20stat an % s@r‘n@nﬁ '?ﬁeﬁh%ﬂa.ﬁé@cﬁﬁh% té%lﬁﬁﬁtlg‘gwﬁle%iﬁnﬂle second

| ocal |y rizati

ol
StegoemPbiscoR BrurHa siR RE RRTrig Jeht dreving passed thivugh the
vatibblenplaise odiffgteneal yadaiatmembd’ placed in the optical path

between the light source and the surface to be illuminated; and a fifth step
of sefting the phase difference of the variable phase difference yielding
member to a predetermined value on the basis of a result of the
measurement in the fourth step.

21.  An adjustment method according to claim 20, wherein the fourth
step comprises measuring a polarization state of light reaching the surface
to be illuminated. '

22.  An adjustment method according to claim 18, comprising a sixth
step of rotating the variable phase difference member around the optical
axis of the illumination optical apparatus.

23.  An adjustment method of adjusting an illumination optical
apparatus for illuminating a surface to be illuminated, based on light from a
light source, the adjustment method comprising:

a first step of locally changing a polarization state of illumination
light on the surface to be illuminated; and a second step of locally changing
a polarization state of light at a position on or near a pupil plane of the
illumination optical apparatus.

24.  An adjustment method according to claim 23, wherein at least one
of the first and second steps has a third step of locally varying a phase of
passing light.

25.  An adjustment method according to claim 23 or 24, wherein at least
one of the first and second steps has a fourth step of variably yielding a
polarization rotation angle to incident linearly polarized light.

26.  An adjustment method according to anyone of claims 23 to 25,

further comprising a polarization state measuring step of measuring a
polarization state of light reaching the surface to be illuminated,
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wherein at least one of the first and second steps comprises
effecting each adjustment according to a result of measurement in the
polarization state measuring step.

27.  An adjustment method according to anyone of claims 23 to 26,
wherein the first step comprises locally changing a polarization state at
anyone of the surface to be illuminated, a position near the surface to be
illuminated, a position optically conjugate with the surface to be
illuminated, and a position near the position optically conjugate with the
surface to be illuminated, and

wherein the second step comprising locally changing a polarization
state at a position on or near the pupil plane of the apparatus

28.  An illumination optical apparatus adjusted in accordance with the
adjustment method as defined in anyone of claims 18 to 27.

29.  An adjustment method of adjusting an exposure apparatus for
illuminating a predetermined pattern by an illumination optical apparatus
and for projecting the predetermined pattern onto a photosensitive substrate
to effect exposure thereof,

wherein the illumination optical apparatus is adjusted in accordance
with the adjustment method as defined in anyone of claims 18 to 27.

30.  An adjustment method according to claim 29, further comprising a
polarization state measuring step of measuring a polarization state of light
reaching the photosensitive substrate,

wherein at least one of the first and second steps comprises
effecting each adjustment according to a result of measurement in the
polarization state measuring step.

31.  An exposure apparatus adjusted in accordance with the adjustment
method as defined in claim 29 or 30.

32.  An adjustment method of adjusting an exposure system comprising;:

a first exposure apparatus comprising a first illumination optical
apparatus for illuminating a first pattern on a first mask, and adapted for
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projecting the first pattern of the first mask onto a photosensitive substrate
to effect exposure thereof; and

a second exposure apparatus comprising second illumination optical
apparatus for illuminating a second pattern on a second mask, and adapted
for projecting the second pattern of the second mask onto the
photosensitive substrate to effect exposure thereof, wherein the first and
second illumination optical apparatus are adjusted in accordance with the
adjustment method as defined in anyone of claims 19 to 27.

33.  An adjustment method according to claim 32, further comprising;

a step of measuring polarization states of light traveling to the
photosensitive substrate in the first and second exposure apparatus; and

a step of adjusting the variable phase difference members m the first
and second exposure apparatus, based on the polarization states measured.

34.  An adjustment method according to claim 33, wherein the step of
adjusting the variable phase difference members comprises performing
such an adjustment that the polarization state of light traveling to the
photosensitive substrate in the first exposure apparatus substantially
coincides with the polarization state of light traveling to the photosensitive
substrate in the second exposure apparatus.

35. An adjustment method according to claim 33 or 34, wherein the
step of adjusting the variable phase difference members comprises a step of
locally changing a polarization state of illumination light on the surface to
be illuminated; and a step of locally changing a polarization state of light at
a position on or near the pupil plane of the illumination optical apparatus.

36.  An exposure system adjusted in accordance with the adjustment
method as defined in anyone of claims 32 to 35.

37. A micro device manufacturing factory comprising:

a manufacturing equipment group for various processes comprising
the first exposure apparatus and the second exposure apparatus as defined
in claim 36;

a local area network for connecting the manufacturing equipment
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group; and a gateway for enabling access from the local area network to an
external network outside the factory, wherein data communication is
enabled for information about at least one equipment in the manufacturing
equipment group.

38. A micro device manufacturing method comprising:

a step of installing a manufacturing equipment group for various
processes comprising the first exposure apparatus and the second exposure
apparatus as defined in claim 36, in a micro device manufacturing factory;
and

a step of manufacturing a micro device through a plurality of
processes by means of the manufacturing equipment group.

39. A micro device manufacturing method according to claim 38,
further comprising:

a step of connecting the manufacturing equipment group by a local
area network; and

a step of implementing data communication of information about at
least one equipment in the manufacturing equipment group, between the
local area network and an external network outside the micro-device
manufacturing factory.

40.  An exposure method of projecting a predetermined pattern onto a
photosensitive substrate to effect exposure thereof,

using the illumination optical apparatus for illuminating a surface to
be illuminated, based on light from a light source, the illumination optical
apparatus comprising a polarization converting element located on or near
an illumination pupil plane and adapted for converting a polarization state
of incident light into a predetermined polarization state,

wherein the polarization converting element locally changes a
polarization state of light at a position on or near the pupil plane of the
illumination optical apparatus.
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