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FPO6- 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 [00QER06-0456-00

The present invention relates to an adj ustnment nethod
of illumnation optical apparatus, an illum nation
optical apparatus, an exposure apparatus, and an
exposure nethod and, nore particularly, an
il lum nation optical apPESCRIELIIOAIyY applicable to
exposure apparatus 10 and others used for

BEQDI n@hr ADISTING sIEGHEINGm ihdicAbr DEVICE,
devi ces, image pickup devices, liquid-crystal display
dAIGERIINGd ORTICAL | DESH6H, cEXRQSURE SYSTEM. AND

l'ithography. Background Art [0002] In the typical
exEE@&?SEHﬁMtTJ%)B‘ this type, a light beam 15
emtted froma light source is guided through a fly's

ey. a mcrolens array or the like) as an
optical integrator to fqQrma secondary [ jght source
astQOédb @nprepent (ipvgedon| relatssarte &8nadistmgngs method of

| ot. of, 1. ght s,ogfces. Li ght belirrs,fromthe,s condar

Ii‘é}hﬁ’@%@l‘)@eoﬁﬂé EPRAEHYE 2By LAURAERT HPUIGa sappRyatus, an

thereafter. illum nat(g a nmask Wthe,];ﬁ 20doredeterm' ned

pRXRASHIE RPPaTatus, ndaq GRosyte msthnd and, raetepart ly, an
h

RO eBAU5E R SeTEts 6 Bt AP
B SRR R S548 G Bconducor
s, B AT ) 88 i
it P TE R, BYOBROE Y o1 ot 1
Background Art -
[0002] In the typical exposure apparatus of this type, a light beam

emitted from a light source is guided through a fly's eye lens (or
microlens array or the like) as an optical integrator to form a secondary
light source as a substantive surface illuminant consisting of a lot of
light sources. Light beams from the secondary light source are
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
éxposure 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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FP06- 0456-00 the wafer. The exposure |ight sources
presently used include a KrF exciner |aser |ight

source for supplying |ight at the wavel ength of 248FP06—0456—00

nm an ArF excinmer |aser |ight source for supplying
light at the wavelength of 193 nm and so on. 5
[0004] In the conventional exposure apparatus, the
mask is illumnated while the light supplied fromthe

| i e veafer.ceTRE &iicsuké NibhtSsORO¥eHreskntlyRedli RRRIde a KiF
pol ari zed light with a deSired pol arizati"on direction

by eRcini&v Rispt i tisauﬁfecﬁﬁdm}sl;ﬁ id lighhat TRs ﬁ%ﬂh
(e.g., cf. Pat‘g’ﬁt Docunent )ymgpegihfi cal &%ét e of 248
caaen,0bnt WaFcereantr dastr didins voerckO fePripplying light at the
described in Patent Docunment 1, a quarter-wave plate
anweveldrggth-ofeld3 mingagdnsaden.of rock crystal are
di sposed in an optical path between the |ight source
anf0GO4 T thee toneemtponal adxprisare appétated)titheeansk is illuminated
converting el enent). [0005] Patent Docunent 1:
| nwhileatlieohight Puppliedifremn the. lightosot2e 7 14 kird is converted
Di scl osure of the Invention Problemto be Sol ved by
t himtpnhimeesrly polades] lighti withnewlesered pblbfizatioh dicection by a
accurately produce a wave plate such as the
quwaver platee ipl aeaordandel withatke pinask patier @.gg! ef. Patent
rock crystal 20 plate, Wien the wave plate fails to
acDocamani FluncSpenificeldyuie thé casewfatiteuconyemtional, exposure
the mask (and the wafer eventually) cannot be
i | apparatisedesaribedibs Patent! Doeeument dgl aaguadr-wayret phatel and a
thjs will result in failjng to_perform good exposure
i niidfdﬁéw ate] madenaf iropk catatal jare dispesediiingan eptieal path
maék patta& 'gﬁS [0007] The present invention has been
ackeimyaens thed light wpageornd e diffeacsiysi eptiealotleaenindight beam
ob'éect of the inyention is to provide an 2

onverting element).

[0005] Patent  Document ' 1: International 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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FP06- 0456-00 illum nation optical apparatus capable
of illumnating a surface to be illumnated, wth

light in a desired polarization state, w thout FP06-0456-00
n’

substantive influence of manufacturing error of
optical nmenber functioning as a wave plate. Another
obj ect of the present invention is 5 to provide an
exposure apparatus and exposure net hod capabl e of

peilfueninationooptclx Bpparacud edpablano ARINE@RHAME a surface to be

il lum nation condition, wusing the illumnation
opilivpainasfarwiths Hght iinl uai desired pol@dékatiet efatet hwithout
surface to be illumnated, with light in a desi red

posubstagtiveorinfiuehee ofVeamsufaoturfiot erter tofeahr optiedh tiember
[0008] In order to solve the above problem a first
asfiectioning he apwvase ;pﬁatei nvemsthen obisrtiofahe present invention is
illum nation optical apparatus for illumnating a
sutof previde br ekposureaspparatus andesxpesuneonasthodt capable of
state on the basis of Ilight froma |light source, the
i | perdfomairigogoop texpakureppader as appmppristenglummationstcondition,
pol ari zati on changi ng means for locally changing a
polsing Aheiilnminatien afptidad reppavatis | foriiHamanatiag sunfaskeset on
to be illumnated; and second polarization changing
nethgsurtaceitode illpreinated, with light dniazdasired polarization state.
position on or, near _a pupil plane of the illumnation

35 f ¢he Pnoblemno] A second aspect of the

present invention provides an il lum nation optical
ad@%&ﬁ qrger te |89§«ren%hq aboee problans a Gryaspect of the present
i l.lum nated, based oﬁ li.ght froma_,light source, the .

i |ipyeRnHan ghveRs aaillupiaation onitebapparaiug for illuminating a
pol ari zation, converting elenent | ocated on or

| SUETACea b IuRRatHa b 2-deprespalaapetiant wate on the basis of
o Hiiciets Rehadpisear  7at on state, 5 o M
the illumination optical apparatus 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 pupil 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 info a

predetermined polarization state,
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FPO6- 0456- 00 wherein the pol arization converting
el ement locally changes a pol arization state of |ight

at a position on or near the pupil plane of the F?06—0456-OO

illum nation optical apparatus. [0010] A third aspec

of the present invention provides an illum nation 5
optical apparatus for illumnating a surface to be
illum nated, based on light froma |light source, the

11 um nafyheReiaPtHe BblaRMoN BSn¢&Q R Sldidentlocally changes a
pol ari zati on converting el enent |ocated near the

supbhefzationb@atd bf Highbat adosifioR d2Ost hé@tnthhoghﬁﬁwlﬁne of the

conjugate with the surface to be 10 illum nated, or

neﬁlumhgatmlg@@dleippa@aﬁjspn and adapted for converting
a polarization state of incident light into a

pr FMEIF(Erm théxdl pepevtiofathieqpressitain®entibar giovidéean illumination
pol ari zati on converting el enent |ocally changes a
pobpticalaapparatitsafor blunhinatingrasushce itgfie dturhheated, based on
surface to be illumnated. 15 [0011] A fourth aspect

of lighefroneadightisouerd,i on provi des an exposure

apparatus conprising the illum nation optical

appar at utheatluntieationipticat ppparatus comprisimgt aspect ,

and adapted for projecting a predeterm ned pattern

i 11 umi naa polayzatom cohveritimae ¢élememttlocatedapgeartheusirface to be
onto a, photosensitive substrate to effect exposure

t hidhumainaper,[ 80 B2 pogitianf optiselipceonjiigatee witlesthet surface to be
i nvention provides an exposure nethod of projecting a
prléhléﬂmﬁ@(gw peanttbercowyugate prisition endi adapsed Sabsoneenting a
to effect, exposure thereof, using the illumnpation_ _
oppelesizatigppsiate @f wicidert {ight tinke e predeterminedipajarization
aspect. [0013] A sixth aspect of the present invention
prfdes a nethod of 25 manufacturing device

conpri sing: an exposure step of projecting a
pr gﬁet erwgﬁ@dn |to E@hﬂ&g{l@ngcowegtm{g eleme%t locally changes a

polatization state of illumination light on the surface 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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FP06- 0456- 00 photosensitive substrate to effect

exposure thereof, using the illumnation optica

apparatus of the first aspect to the third aspect; En#5-0456-00
a devel opnent step of devel opi ng the photosensitive

substrate exposed in the exposure step. 5 [0014] A

sevent h aspect of the present invention provides an

adj ustnent nethod of adj.usting an illum nation

opphiatekergitiae at sutbstrate i kb urdffiatti nexprosugelr ftheof0 bsing the
i1lum nated, based on light froma'light source, the
adjllusn metionregtical appayatis ofithe firdtiaspectstoetheahird aspect; and
preparing a variabl e phase difference nenber for 10
vari abl ya yiewetipigent stepsef dietEkping ethbephetosensitivd enibstrate
light and energing light; a second step of setting
t rexpeisad endhé fexpesare steel ded by the variabl e phase
di fference nmenber, to a predeterm ned value; and a
t Hi00d 4§ 1A seventhl aspientyof the preseabinyephianeproivides amadjustment
menber in_ 15 an optical path between the |ight source
arfaethosl efipdiuséingoan dluminatiimaptidal goearstussfordllyminating a
aspect of the present invention provides an adjustnent

edp beiilhyninsgedybased om hight Gomopdightisourgsesr at us
for illumnating a surface to_be illum nated, based
on | i ghtthe agssimengmetbodcompriginghe adj ust nent net hod
conpri si ng: a first step of locgally changj ng a
pol ar i z& Fib¥ Sepod preparing gnvarablerphasgndiffaicnee member for

surfa to.he,illum pated;.and a second step . of .

| K1)y ciglding a ﬁ’gﬂﬁf?i diifitence  bebveen | mgident light and
position on.or near a pupil plane of the illum nation
oSt atus. 25 [0016] A ninth aspect of the

et o, B G SR e e B by e
MELNoHIE E)hasse 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.
[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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FPO6- 0456-00 the seventh aspect or the eighth aspect.
[0017] A tenth aspect of the present invention

provi des an adjustnent nethod of adjusting an FP06-0456-00
exposure apparatus for illumnating a predeterm ne .
pattern by an illum nation optical apparatus and for 5

projecting the predeterm ned pattern onto a
phot osensitive substrate to effect exposure thereof,

whitreesgvehlie aspdat orihé eighthpispeel. apparatus is adj usted
in accordance with the adjustnment nethod of the

seMitH] Astenth aspedthef tled phédensineentiod proviie8]arfadjustment
el eventh aspect of the present invention provides an

admeshodnofmedjusting  adj wsiposgranappmasuy efary silkmminating a
conprising: a first exposure apparatus conprising a

f i predetd¢rinumedapatieroity @l illappaatonsofticali hppadatas iangl for
a first pattern on a first mask, and adapted for
prpjogectimg theeredetsrmpaed pattent onbe aof phetosemsikive mubstrate to
phot osensitive 15 substrate to effect exposure

t heffeetfexpostrathareofid exposure apparatus conprising a
second illum nnation_ optical apparatus for ) .
i || uni nawheteia $heoildupinatiom optieakeappaatvasks adjpusted in
adapted for projecting the second pattern of the
seaesrdares voith dhet adjupimoets mmethoilvel e seventh aspect or the
ef fect exposure thereof, 20 wherein the first and

se@BA RFPaft nati on optical apparatus are adjusted in

ac or%?n e w.th the adjustnen; nmethod of the, seventh
as[;cﬁ)é)cl t devariht pspege . theopogsent ieventipmgpreiides an
of (iihe present. i pvention provides an exposure system

a é‘ﬁ@aeﬁlwwggﬁ SHNEAN: GFEP QRS SYHEHL COMPRERNSY

the 25 eleventh aspect. [0020] A, thirtgent, aslgect of .,
the pr e < B ST GRRASUF APB %gglrg)nsgng a first illumination optical

apparatus for illuminating a first pattern on a first mask, and adapted 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.

[0020] A thirteenth aspect of the present invention provides a
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FPO6- 0456- 00 m crodevi ce manufacturing factory
conprising: a manufacturing equipnent group for

vari ous processes conprising the first exposure FP06-0456-00

apparatus and the second exposure apparatus of the

twel fth aspect; a |ocal area network for connecting

t he manuf acturing equi pnent group; 5 and a gateway for
enabl i ng access fromthe |ocal area network to an
extracradevied watdnudadtarohg t fictbact eomprivhegei & dadsufacturing
conmuni cation is enabled for information about at

| eeghipomentegroypréot viarioukeprovessdsacomprising chi pfissttexposure
group. [0021] A fourteenth aspect of the present

i nagparatus pndvthdesecand1€xposure depparatuseot] the ttwel fily aspect; a
met hod conprising: a step of installing a

maloshhetea netvedkufoneonaptmg theo manfactusingy equpsesnt group;
conprising the first exposure apparatus and the

seawthck gateysay domppabling sacskss Heomt thel ladal asea atetwiork 40 an
m crodevi ce manufacturing factory; and a step of
negxicaalunetwork putsideldhe cactanypvghergipldataldonymamhication is
processes by neans 15 of the manufacturing equi pnent
grengbleds ekt informagiomvabeutonal olzasy oneomguispent on the
the present, invention, a local polarization state is

v amaaplactyAngRgUARIBRNt groalid and, therefore, an opti mal

il ' gaAi %n condition can _be established, for .
exdild A dourteanta \@spest aopather presanboinviation, rprewides a
to be ilJlumnated, is jllumpated to effect exposure ..

t Heigedeyire manuiacENenEIsthod eopprisige a sieredtimstalling a
aspect .of t.he present . invention, .a |ocal polarization
stRABUfACYHRE WDBIETE HEr oy Rl ¥arigup PTOLEISeR: GRMPASING the

di fference between patter

and, therefore, an in-plan

£ it EPE e o tp At 5. B e ePBA EXRNDIE. aPRNENESGY the
er pattern 25 placed.on the surface.tq be

R et A e REENST s Behir i Aol endavste of

onmaplﬁffct%ﬁxtigéean?ﬂi(t:fov VPR E)%tgﬁ'a 17)lura1ity of processes by means
of the manufacturing 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.
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FP06- 0456-00 [0023] In still another aspect of the
present invention, since the variable phase

di fference nmenber for variably yielding a phase EPO6-0456-00
ght,

difference between incident |light and enmerging I|i

for exanple, like a Soleil conpensator or a Babi net
conpensator is used as an optical nenber 5 functioning

as a wave plate, different fromthe conventional

t epHORS Joby stil fandene! apleut bfithd Preseny rwiingion, Sittde @@ variable
the quarter-wave plate or the " hal f-wave plate froma

si phhse rditferenoes trabmbeat for ivarizdly beicldeg af tphase difference
adjusted so as to accurately function, for exanple, as

a bebwéer ineident pight et emdrghiz hight, formerampte likera Soleil
an optical elenent constituting the 10 variable phase

di tompensatorestbarBabinet evmpasatecisiubed) agr aoropticdd 2Mgmber

Therefore, the illum nation optical apparatus of the
pr Bzmttoning\asra wavei pateh Ideffererit! fromi thet eortveationak techrmlogy
surface to be illumnated, wth light in a desired

pobfmanufachirsigties waviehplate subk tasnthievguanéi-waneeplatd or the
manuf acturing error of each optical elenment. form ng an
ophalfavavye pletebfon unstigleinogkaeryvatalaplaty| #tean be ased after -
result, the exposure apparatus and exposure nethod of

t hadjustaskre asnieacteratelyefunmtion, oforpestanple, gsoa quarter-wave
exposure under an appropriate illum pation condition,
usPlade ora halfm\feapfa&] cypl ivéhen apswtiealiclempent constituting the
illumnating a Jgattern set on the surface to be

i | yaeblsiphese ditigrencgrimembes has sommpanudactusingosrror.

o 1, Fhe®iore, ethendBrripetion optieho appavatAgeot dbespresent
coREGHOR R APlB oA UTSRBES e Masab o, M actoiasb dlinginated,
gnﬁfﬁﬁ%{rﬁgg%ea%iif%hﬁﬁ A qq%tg\égin‘}vhﬁgph gﬁb;;ia%ﬁvé iin%luence
CORE IR RE GrBP'GY AR SPiSAP el Yoliithg an optical

member functioning 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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FPO6- 0456-00 Fig. 3 is a drawi ng schematically
showi ng configurations for each of variabl e phase

di fference menmbers according to the enbodinent. Fipppg-0456-00

4 is a drawing schematically show ng a configuration

of an 5 exposure apparatus according to a first

nodi fication exanple. Fig. 5is a draw ng

schematically showi ng a configuration of a variable
optical Figt & ¢¢ aldrdwige ecHem@atically nehdwingt configurations for
nodi fication exanple. Fig. 6 is a draw ng

sadnehat of avayiablowphase différepieeatinemiedrs eacbordingabioe the
optical rotating nmenber forming the variable optical
1Gembodimentunit shown in Fig. 5. Fig. 7 is a draw ng

for explaining the optical rotatory power of rock

cryst al .Figi ¢.is& dmmngrmhenmtmibnmowmg 8 comdigurgtion of an
annul ar secondary ght source set in a-

ciexposticy epparatupadcarding icom fastanedifjcation example.he

15 vari abl e optlcal rotator unit shown in Fig. 5. Fig.

9 is a drigwdng &dn@wmg sché¢matibally ishoavingrmebnfiguration of a
secondary source set in a radial polarization
stvariably Oﬁtslpaﬂrot&ﬁortmiet gegdrdingto the firshimedifationgxample.
shown in Fig.,5 Fig. 10 is a drawing schematically

showi ng gc%nis gudrﬂwmg sehematcally shewisg ph eeafiguration of
di fference, unit ac:fordl ng to the enbodj nent of the
preasBnvariableniopieal Fogating membedr fouage dhe variable optical
schematical ly explaining the action of the variable
pﬁﬁ%oﬁpﬂﬂ H@é%ﬁ hovvn in Fig. 10 Fig. 12 is a

dr awi ng mat i oW n a con guration of 25
anot her P\S}gr. 51545 It b m&@érrata#@rx gower of
t he ﬁ c{{mnt of the pr esent |nvent| on. 9

rock crystal.

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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FPO6- 0456-00 Fig. 13 is a drawing for schematically
expl aining the action of the variable phase difference

unit shown in Fig. 12. Fig. 14 is a draw ng FP06-0456-00

schematically showing a configuration of a variable
optical rotator unit according to a second

nodi fication 5 exanple. Fig. 15 is a draw ng
schematically showi ng a configuration of a wvariable
optical Fg. atdis undiavdagoioti sehehaatwaliydetplaatingrthe action of
exanpl e of the exanple shown in Fig. 14. Fig. 16 is a

dr the vayiatb plase dafferensbawiinshewnanfiigut2tion of a 10
vari abl e optical rotator/phase shifter unit according

to a thiFig. ldboi4 deawimn sehematieallFshowlag ianconfimsratian of a
a drawi ng showi ng a nmulti-pole secondary |I|ight source
andarishlea aptival npotetmwi gt aapowidingntd  a ebedonkh miodafication
exit where |light beans formng the nulti-pole

seexamdples 1i ght source shown 15 in (a) are emtted

from phase shifters of a variable phase shifter_unit.

Fig. 18 Fig.ddisavdrapvsghechamatacally showimg acconfiguration of a
configurati on_and action of a pair of aspherical
opvamablerenticad rotater unifi aggording twamadifieation exampte of the
exanple, Fig. 19 _is a drawi ng schematically show ng an
ex@h?’ﬂnﬁl%ﬁfho‘&@%gﬂgch‘l- rotati on (phase shift)
distributions given to a pair of _aspherical opfical,

r ot at or lgpﬁéslé %ﬁr&m;chqm@t.lc@iﬁ/ sgown@& avgardiguration of a

C ovaAR (el SRIOYPBASR r FBGRouL; vepOIeng o @ third

F OGO CB BB schemat i cal |y show ng & .

oo, R 5} g SoSoRISd SR Boondry
light source and (b) a drawing showing a positional relation at an exit
where 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 is 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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FP06- 0456-00 respective optical rotation (phase
shift) distributions of optical rotations (phase

shifts) differing according to incidence positionsgEppg-0456-00

Fig. 22 is a drawing show ng cross sections of an
on-axis light beamand an off-axis |ight beam passing
t he aspherical optical rotators 5 (phase shifters) in
the nodification exanple of Fig. 21. Fig. 23 is a

f | egpdaive sphedlnioision Yphari®) diseibuitionarof optical rotations
adj ustment nmethod of illTum nation optical apparatus

aqphesk slifts) differingraeedidiBgttodhcideqicd pesitivng. nventi on,

Fig. 24 is a flowhart schematically showi ng steps in

an 10 ddguglnient deswirad showdrglichgsst sectionsdof hnadri-aris light
exanpl e of the enbodinent. Fig. 25 is a diagram

exypaes sindoam ofbaersalights samnpadsiridh ¢the asplostica raptical aotators
view froma certain aspect. Fig. 26 is a concept ual

di (phasersltieresisi the rmoddveatmd esamplnobFig. 9.t he

enbodi nent as a view from anot her aspect different

from Fi §ig2523 & g fRywckad delamaticallpvwshowing esteppl e an
of a user interface screen provided on a display in

t realjgstonent methmdy of 2dlungingtiopgoptical appatiahys according to the
schematical ly showing a configuration of an
asphbodinagntgfithe giresantdnventiphase shifter) used for
conpensation_ for onl 20 a linear _conponent .

(i ncl i natigor24 oispandimychart aschymatieally oshawing (Pepsein an
shift) distribution. Fig. 29 is a flowhart of a

t asiwstant omethadurageo tos éini weddicatm devample aef the
m crodevices. Fig. 30 is a flowhart of a techni que of
eEA Wetthg a i quid- 25 crystal display el enent as

a mcrodevi ce, .Best Mdes for Carrying out (H
| nventi 6Ag- 120 is a diagram expressing an overa

styhs%em of the
embodiment as a view from a certain aspect.

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
asphei‘ical 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
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FP06- 0456- 00 [0026] Enbodi nents of the present
invention will be described based on the acconpanyi ng

drawings. Fig. 1 is a drawing schematically show ngpgg-0456-00

configuration of an exposure apparatus according to an
enbodi nent of the present invention. In Fig. 1, the
Z-axis is set along 5 a direction of a normal to a

waf er W being a photosensitive substrate, the Y-axis

al P2 Ehﬂwdihmnt@affaﬂﬂeewprdsent hevepitiore wiill be @esdribéd based
the plane of the wafer and the X-axis along a '

di oactheomcoompainyim tdrawih%me Big.Fl gis aldrawirpe sphemnatically
of the wafer W _[0027] Wth reference to Fig. 1, the

ex phowing apmamdigirationt 0f gr esposurel @ppabatds n@gdording to an
provided with a light source 1 for supplying exposure

| i ghtbogdimentiofidhe pmedeng inyentidre | IrgFig.shutheeZ axis ixiset along
herein can be, for exanple, an ArF exciner |aser

| i ghlirentionc ef faonomnpbto arafargW being aapledtesenditive sibStrate,
nm_a KrF excinmer laser |ight source for supplyi nt%

| i the Yerxisalong aglirectionaaale] tothet planei ifeFigl ilgitthe plane of
emtted fromthe 15 |light source 1 is expanded into a

| i ey waterinWernd the glraxstialongss direction mermad e plze plane of Fig.
sh?pi % oFti cal system 2, and travels via a first

vat itaphep %@ﬁﬂtﬁWﬂEﬂI‘eWee menber 3 functioning as a
quarter-wave plate, a _second vari abl e phase

di ﬁflﬂ]n@@ﬂw ence tQkdgi bnihgyexposunsaapparatus opthe present
a depol.arizer (depp)arizing elenment) 5 and a | .,

di $Peditneat éwremdeﬁzwén arkight souree hrfenisupplying exposure

mlgﬂ% “’ﬁiaéito%hﬁghﬁéi fths ii%g’g%ﬁ%l ensr17§§£(£ 281%'@Tgaen be, for

var.i abl ha di ff.erence ne r 4, and. depol arj zer,,
COWPE, eg% %gfamla%ffro e§tﬁgﬁt SRUICH 198 mgedlgit of

acuEvelsEath afcl93 wRE R Frvisne odes Mt dolices fop Swenlying

OB e I T /38 0L A B o e

igl'lé}?f Sifke its%x%aﬁﬂéh%&”a ﬁfghi %ar%i(f) a%galili\ll'gd %Pct)sis(-:géctional
shape by a shaping 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
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FPO6- 0456-00 elenment 6 and so that a rear focal
position of a rear lens unit 7b is approximately

coincident with a position of a predeterm ned pl aneroﬁ 0456-00

i ndi cated by a dashed line in the drawing. In general,
a diffractive optical elenment is made by form ng
steps at a pitch approximtely equal 5 to the
wavel engt h of the exposure light (illumnation Iight)
i nelementb 6t amd eso gt 4 weat ifocel posidiohf ofict rear lemsi deitt7b is
i ght beam at desired m%le [ 0029] Specifically,
t heppid¥ineselyv eonwiderd| aepmsﬁohoof anprédetermined plane 8
illumnation has a function of formng a |ight
i ningisated bysa rdashed dinofinahe dtawingul an ghnemlj a diffractive
far field (Fraunhofer diffraction region) when a
pappficel eleinmt ibeaadenby iforming stepangal pitch appmmmamlgrequal
is incident thereto. Therefore, a nearly parallel
| | thtthee avavelengtbnioft the rexposure abight idpmination light) in a
element 6 as a_light beam converting, el ement forns an
anflebsirate; gnd ionsi toy defteact sutineideoh light begmni at desired
pl ane of the afocal lens 7 and 15 thereafter is

@%@leﬁed in an annul ar angle distribution fromthe

af ens, 7. AV phase di.fference unit 9 and
ﬁﬁﬁrgaakpﬁ%ﬁ&@”ygy%ﬁ ﬁﬁﬁ%ﬁt&‘f‘é @PE%S edegnbr Ondey annular |

[ ne i.n the opt.cal hbetween he,.f r ont
ﬁhﬁufﬁ%ﬁ %a fk%tl%g FORANE & tghﬁan@msmlm;on of an
I ens 7. rat acti,o he. vari apl
phddalar ¢ 1tl§n q Ee@ﬂZF gr éi}ﬁiff%tgiona%pgm when a

zzﬁéﬁ%mgt?%gt A e T E .
68%8%925}?13%%{ f%%gglilﬁ}lﬂ}%}t i %ﬂpg{ g}e Aractive optical
%l?ﬁﬁ?@t fa@p?ﬁf%*&%%@ﬁﬁﬁé‘cir?‘} ngy él? et a@ﬁ e Slular light

VAN BRI &P Rk bubl) &%V@t '§togal, lepg 7 and
SYhekElite oﬁiﬁﬁtfed%eaﬁ kA anfcCERHEGNESS B8R afocal

lens 7. A variable 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 ¢-value (o-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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FP06- 0456-00 of the variable optical rotator unit 12
W Il be described later. The mcro fly's eye lens 13

is an optical element consisting of a |ot of FP06-0456-00

m croscopic lenses with a positive refractive power
arranged vertically and horizontally and densely. In
general, a mcro fly's eye lens is 5 conposed of a
m croscopic lens group which is made, for exanple, by
et ofii thg sayibhleeoptical rrefatqt amgt 1208d1] bet déssritetdetater. The
herein that each m croscopic lens formng the mcro
f | misreyidy's egje lensAdl [seant bpticeheberhents cehsisting of a lot of
formng a f_I){' s eye.lens. The micro fly's eye lens is
on®icrosgiopit lensestwish arpositivearsiftactioespewan arranged vertically
(mcroscaopic refracting surfaces) are integrally .
f oapd chewizertallyband denisely. at by genemle & mistdvefly’s eye lens is
different fromthe fly's eye |lens consisting of |ens
el eaBposed | amigroscopie lats grawgr whithwis sigde; Her ekample, by
fly's.eye lens is ?I so an .optical integrator of the
sa iWéfRIW‘Pé&HQ thlat§-t ype as the fly's eye lens
in of the vertjcal and, horizontal arrangepent. of |
15[(3@5}5 Bris nqtedkharein dhas caeb wéeroseeRricrleps detmirg the micro
power. [0032]. The position of the predeterni ned plane
8 %@So%#q f?e’& i§ sal{grahan leps glepent forgpngra flyes eye lens.
zoom lens 11 and the entrance suyface of the, mcro,
fl ‘)j}ﬁ‘g EQ éﬂss g¥c H%n%éﬁ i%’@dﬂhéi]:;lcgh% lptof mierpscopic lenses
position of. th oomlens 11. In oth rds, th .
D oG rBreopie TSstingnsudacciwe SHRERLY fPRRed sviAqut being
th trance sunfage of,.t.he mcro fly.s eye  lens 13 .
suofllH AR, St Bfiery uitkiiah faebe MEs WRalesR gronsisting of
an [ rn,: keeps.the i lpla of the afocal '
efis Akt g SRRSFPAT B B "ot Entigin 8Y's eve
S : ' fly''s e lens 13. The varij.abl e
opierear o bR foteiaeby & Ghe S RandiBpt pliBE npe o
t b G LS eV, nd_ls.arranged to be
ol S K3 SR B R T b8, G Rar apd AR B nfiment of
Pl #%eftt eldifieftsQfth the Bdsitive RV poé:.
[0032] The position of the predetermined planc 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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FP06- 0456-00 [0033] Therefore, for exanple, an
illumnation field of an annul ar shape around the

optical axis AX, simlar to that on the pupil plangpis-0456-00

the afocal lens 7, is forned on the entrance surface

of the mcro fly's eye lens 13. The entire shape of

this annular illumnation field simlarly 5 varies
dependi ng upon the focal |ength of the zoomlens 11.
Eaf03 3} thesedom, ot exampbe, mnnidlunhimatioarfieltl of & eyeular shape
| ens 13 has a rectangular cross section simlar to a

s haoandlf then optitalvaxist AGh, firellar to that bar thedpopil plameséd the
M (eventually, a shape of an exposure region to be

f oafosal densa7, wafenmaed onlthe entahcebarfhcgtuf theamicro fly's eye
incident to the mcro fly's eye lens 13 is two- )

di lepssibnallhg engiret shapeaof shisodnmiler odeopnatiorfiedd similarly
forma secondary |ight source having a |ight

i nyames dgpending Bponoteaferadxlemgtlelof theuapon lenhd 1. Each
illymnation field formed by the incident |ight beam

i .microgcopisclena doyming he snigredlys ea{eslansd&qﬁa&@ rectangular
surface illumn annul ar,. 15_shape _cent er ed '

nt of an
argons Seeaon §tm§a!r tcaﬁisgam,ofoam BhluminatiomBeldto be deamed on

plane of the mcro fly's eye lens 13 (eventual ly, the
i 19 QHS%M &lef)js.a shangof BB &¥posHEHTegiendeduhfamed on a
Ii‘%h%’é_s%rce formed on or near the rear focal plane
of Wt vcro fly's eye lens 13 travel through a beam

Tolose e Kol ot RpioEat T BB Go, Yot Ieamiaris two-

2 SRS SR AL P S BT Yo by

1 seatres Baing o ahvatny P GRn sebradiestghn gaval to
S NBR L LA Shoh LD, e RGBT B ke, o

ket SwEe il shbtbOTG Ao anERB: of Bannular

tlgs?ﬁfsai ddrtBR PR JunPIh opEeh PN HAxSRAPE: 'Hiat Nhe B focal

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
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FPO6- 0456-00 blind 16 are subjected to focusing
action of an imaging optical system 17 and thereafter

illum nate the mask Mwith a predeterm ned pattern FP08-0456-00

therein, in a superposed manner. Nanely, the inmaging
optical system 17 fornms an image of the rectangul ar
aperture of the mask blind 16 on 5 the nmask M [0036]
A |ight beam havi ng passed through the pattern of the
mabkni 16hetel subjeatethtk fotusjrg Mstioheof an duelging fopsiogh sgstem
projection optical systemPL to forman inmage of the
i;JFi gt tharnafier ilhemvedterthe (phask ddewstht apredetesmined)pattern
Wheld on a wafer stage Wo. Wile the 10 wafer stage
wetheseinydndi seperposed inyariéry e Namely; dhe rinddging aptical system
therefore, while the wafer Wis two-di nensionally
dr 1V dprmscr tnegelafdhe rentapigala mﬁm\oﬁﬂmqm)ask blind 16 on
perpendi cul ar to the optical axis AX of the
pr eel@lﬂB]éIMoptical system PL, one-shot exposure or
f\qn exposure s effected to sequentially project the

344 &llghhte earskhawingpassed ﬁhmuglnﬁleem%@m ef the mask M
R LN MR U I
?E(%))fm%@ I e TOURY PadiagS Gt fo Masbnpakom fop the wafer
i aé%éds&ave ALt Qé&e@@e%&?a"%m e Wiy Yol the
q”ad asﬁ%a OIS 7 GO sasR SOy Vsﬁ?a&é”%éh%@l@gs and,

S OB R R R g gt
it S 50, SRS BRI A o e
A A e B AR 4T e
A8 Ry 30 R G X 48 cach of

exposure regions on the wafer W.
[0037] When a diffractive optical 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
ci_ﬁadrupolé 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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FP06- 0456-00 fly's eye lens 13. As a result, the
secondary |ight source of the sane quadrupol e shape

as the illumnation field forned on the entrance FpP06-0456-00

surface is also formed on or near the rear focal plane

of the mcro fly's eye lens 13. 5 [0038] Wen a
diffractive optical elenment for circular illumnation-
(not shown) is set in the illum nation optical path,

i nly'saglyeolenshE3.di s actinle, thepsdcomldaey dighntsoré®nf the same
annular illumnation, it can effect normal circular

i | quadmpoleoshapbeasdithér Hhumirstiont ifiedd foremshtorf dhe entrance
circular illumnation has the follow ng function:
whsanrfacepisr also dbrinedran be aeah dive neprafabal plarieact theamicro fly's
cross section is incident thereto, it forns a |ight

i eysnkensyl3.di stribution- of a circular shape inits

far field. Therefore, a |ight beam having passed

t 093§ Whenm tiffeastivecoptinal cdement fencirealar dllnmination (not
illumnation fornms_an jllumnnation field of a circular .
sHehiosvizk s satda ther Blusainationcpptical path tnstead péithe diffractive
exanpl e, ,on the entrance surface, of the 15 mcro fly's
eyepiicah elameniné torrannular llywinatiosn dbcgniaffpet nosmal wircular

of,_ the sanme c¢ircular shape as the illumnation field .

{ diluEaingRonne T Hithastive opacad alemens <f0r_§mé@aroﬂhanmatlon
near the r foc pl.ane of the micro fly: s eye |ens
1§!aS[ ég%ngﬁﬁ?W%?f}H‘BPEPHM‘E eRnat Rarallel nght:tb%n aving a

optical elenment for, multi- .20 le illum nation. (not .
s%@ﬁ}%‘lﬁ”ims%‘{osﬁ rSeeen; 15 !ﬂﬁlé%‘%ﬁpawrﬁﬁﬂailégpr@étﬁﬂlg(ht mtensity

i tead of t di ff ti ) ti | t 6.f .
R, O AT Shapg i Rb 82 isfd. " Bersloepun lighh beam

ek abReid oichieet abei HIRRG ki BoRPERE  Slement; fof igjreular
0 i SRR PR 0 fypaccenered
SO B0 6 GRS e e srface o e
| LR O o 5. SRS Phéiul hReEBRBAryPgHP bource of the
same circular shape as the illumination field 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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FPO6- 0456-00 nodified illumnations of various forns.
[ 0040] The conical axicon system 10 is conposed of a

first prism menber 1 Ca a plane of which faces thefFpgg-0456-00

i ght source side and a refracting surface of a

concave coni cal shape of which faces the mask side,

and a 5 second prism nenber 10b a plane of which faces

the mask side and a refracting surface of a convex

c omadifieshblmeninfitiohs off vhsioes fohms) i ght  source si de,

in order fromthe light source side. Then the

r e{004Q] ddre sonicat enxaéon heystemcdOeisc compmisedhafen dirst prism
the first prismmenber 10a and the refracting surface

of memben ﬂagaﬂ plene odwhichfaces thenkghtesmirde sidesand @ refracting
menber 10b are formed in such conpl ementary shapes as

t osudagdlod a eoneawet cenical shaps of which daets theemekkishde, and a
first prismmenber I OCa and the second prism nmenber
108e¢achprishy srembend Ohoy plane af svhjchHacen the maskaside and a
AX to vary the distance between the refracting surface .

of refkecting suipse coh pceanvemagenisel shepe i ofswhieh daces the light
menber 10a and t g, 15 surface of the convex

e refracti .
coBPYIEE SiHgpan d}rgﬁhércg@c@wdﬂght savrasnBisle. 10bhen the refracting
act | of .the coni cal axicon syste 0 and the action
of SHHAcE 9§ ﬁﬂe CORGaYE copicel §BapR Gt tho ii;swn&m menrber 10a and

of the nul ar

fogus t he secondary.|light source A
shiisoredragtie gueare S| the forpex comigal shape of the sepand prism
whi ch t he fracting,surface of the concave conica
zoﬁgq%%%f 406 8 Tormed I SUg cesnplsmargany aheRos RS £ Ee able to

NI GHALET, o, B EPERAPGH R s e

L5, BB 6 g g MoR B pptica
SUAUBOL PR gL BURGEn AR RRE"Yr e
0 SRS A o P B O AL GRATE OBactng
Pr & BPGhe tWvexbnical shape of the second prism member 10b.
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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FPO6- 0456-00 the outside dianmeter (inside dianeter)
of the secondary |ight source of the annul ar shape or

quadr upol e shape varies while keeping constant the Fp06-0456-00

wi dt h of the secondary |ight source of the annul ar

shape or quadrupole shape (half of a difference

bet ween the outside dianeter and the inside 5 di aneter

of the annul ar secondary |ight source; half of a

di fiecontsode dimhetee(imside alimneter) @ftthedecondamt Hpht sdburce of

circle circunscribed to the secondary |ight source of

qutictrarpmiler shepreonquiadrupolershape varies dhiledkeaping cpnstant the

acircle inscribed to the secondary |ight source).

Nawedth, of theesecomdaay lightisougce oif dhe dnamtareshiapet & geadrupole

dianeter) and the size (outside 10 dianeter) of the

s estapdahalf oflat disterenes betwéen theoltside idapaeter and the inside

quadr upol e shape vary. [0042] The zoomlens 11 has a

f udiemeter off theriananlar sevomdgryndight seextesihadf tafea difference

entire shape of the secondary |ight source of the,

anbrivgen a hgaetsr (wsidepdirmeterdpef a mirclecirgunescribeshto the

the focal length of the 15 zoomlens 11 is ing¢greased |

f reondanilight seutceppéaeuadmpalal shapeeand 1 «diametete (inside
he annul ar

shgpe of the secondary_|ight source of

s@w%ﬁr) Qﬁwﬂ@ InscEibsgeo; tbeﬁeﬁpndmrwflght 8oWEg). | Namely,
ot her words, the wdth and size (qQutside di ter) of .
t HeeERtarrajiq (elgﬁdescgamée%@widﬁa&a,m@tﬁﬁﬁﬁ the.sias gautside
in,the annular, ratio qf the secondary Light source of
H@ag}ﬁfqgﬂa,ofg@% h%?ﬁ@ng%ﬁé&ﬁhpg&%c%h et,%et 51 2s) fHape or
action of.the zoomlens 11. In this manner, the .

arftitf PP%E? PeéntRdi ze (outside dianeter) of the :

quhRe ot btin® Bt hat it GREHaNLgT HEN LY glarging or
e B B R AP TRy vt
beP BB, GAdsibBle i, 80 EmPle, Wigt e T80alBhih of the

zoom lens 11 is increased from a minimum to a predetermined value,

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
éhape 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 eye lens 13 and
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FP06- 0456-00 the condenser optical system 15, and has
a function of detecting a polarization state of

incident light to this beamsplitter 14a. In other FP06-0456-00

words, whether the illumnation light to the mask M
(i.e., the wafer W eventually) is in a desired

pol ari zation state (which is a concept 5 including an
unpol ari zed state) is detected on an as-needed basis,
bathed condenter dptieglt spstenesif,t aiy hdse aphirmtionaoif odetecting a
nonitor 14. [0044] Fig. 2 is a drawi ng schematically
shpelamgationi state péilincident ilight #bi this dleam pplitier 2dai odn other
state nmeasuring section in Fig. 1. In the present
enbotdsewhether thhaﬂmﬂnaﬁbg.lié;t tonthewmiask Mt @ge, the wafer W
hol ding 10 the wafer Wis provided with the
poteentnatlypnisstat @ desiead ipojasiestionnstase (voricheis ua i erpcept
the polarization state of illumnation |ight (exposure

| i gedudingran wepetarized\statends sietested oni am astgeded basis, based
measuring section 18 has a pinhole nenber 40 that can

beon fle detastionaeanit by thealarisation meqmifor 14t h t he

expose urface, of the wafer The fer. Wis )
refq%ﬂﬂ 1215 & 1 Bm @ hErsping aﬁé%@'ﬂﬂtlﬁ Y nghQwéngs apneinternal
pol arization state nmeasuring sectiqn 18. [0045] Ljgh
ha%¢ B0 %PQL?@'FZ%IO& $iRER B1CA5WIIBE Sﬁﬁ'@%ﬂ%%]égel &n the

e DYoL LU & L L e St B hotding
T Eowales WoSgnoukies Whiiperalanzgiogafate mensbinsiieyion 18
P58 Lo eSS 52 50 ORI AT S8 s
ol Jar P SlanTE ot fhe eblad2arion sEHF éhsuring spotion 18 has
e BRI e S B A P9 hated o o eve
LT 20k S0 BB L0 2 PPNl et
berhif %é‘bé&i&ﬂ%ﬁiﬂ Hﬁﬁngpﬁéé I A faolar%tion state measuring
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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FPO6- 0456-00 and a setter 47 for setting an angle of
rotati on around the optical axis is connected to the

quarter-wave plate 44. [0046] Wien the degree of FP06-0456-00

pol ari zation of the illumnation Iight for the wafer

Wis not O in this configuration, the quarter-wave

plate 44 is 5 rotated around the optical axis via the
setter 47 so as to vary a light intensity distribution
onandha sttteedi for settifigen atfe of rotetidmarowtidriesoptied] axis is
CCD 46. Therefore, the polarization state nmeasuring

s econmgctdd toltheeguartewavarilatei 4h in the |ight

intensity distribution on the detective surface 46a
whi 0 6] oWhemidnet degrge axfi polanastop lodithe dduarination iight Her the
optical axis by nmeans of the setter 47, and is thus .
abwefero Welssuete Oain phisaconfighratiosy, dhe (uaterswaye plate 44 is
pol ari zation;_ the Stokes paraneters Si, S2, S3 about

| i atedoaroume the opfiaak asrs vigthe seder deseidsetst very a light
result by the,  rotating conpensator nethod. [0047] The

r oldensiy ceishibiiienr onetthed deteci: r suséars n4%aat gfl the two-

ARG GFal oG DaHo. £ hatalpee, T 1polSHF#upy 6 measuring
acctiou: O detects Hae Raragpe inlip HEht ieufisoAStGRERPY on the
ordetre S IOFRa 4 B hile, o i hes ARaHoEveR eop At 44 ground
¢ DRt 257 B reeaRoRdad Sreioh Ledtd ntes e dbyegsure a
o5 eeof i er Brwdbion e aft e Peitionesils by the
[ 30035 % retlEReREF ARG Dol i 2ati on' st ate measur i ng

SAOPHET T SO SopSGRiol rhitBe® i BriBlaul A&, for

example, in Tsuruta, "Pencil of Light:Applied Optics for Optical

Engineers," K.K. Shingijutsu Communications. Practically, while the
pinhole member 40 (therefore, the pinhole 40a) is two-dimensibnaﬂy
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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FP06- 0456- 00 44. Whatever phase shifter is used, it
IS necessary to detect the wvariation in the |ight

intensity distribution on the detective surface 46appp6-0456-00

at least four different states, for exanple, by

changing the relative angle around the optical axis

bet ween t he phase shifter and the polarizer 5

(pol ari zation beam splitter 45) or by retracting the

phdde sWHateverophtbe ghifteriizeuséd,oib ihenenessayl tpadétect the
in order to neasure the polarization state of |ight,

i . eariatiba ihdhe Sk atepsitadisteabation dn g detafin@] sifitfisce 46a
present enbodinment is arranged to rotate the

quém tagrleastviourpdidfarent statesy foirasseansplief thyr changing;, theerelative
optical axis, but it is also possible 10 to adopt a
coanghparsundrtheroptisiah axisebetoveeni thatphase shifies phd thepolarizer
45 as a polarizer is rotated around the optical axis,

or (polevaatigurbaaine splitier 1) on by rptrasting the tphasgrshiftae or the
pol ari zer both are rotated around the optical axis.,

| npolaatrestiramithe eypsical peth, inrorder teuaicasere the polasization state

oper.ation, one or both of the quarter-wave plate 44
a50£%ﬁhé§ee-sﬁlefﬁ%w Stokes paragesters oblighth 15 beam

spli r.45 as a polarizer nay be inserted in_and/or
r em(i{@ﬁeﬁhe rpfﬁﬁenth@nggduasm waaﬁangoisg]rometuh@ quarter-wave

- pol gtqié@yon tate asurin ection_ 18,

he. . .
2% Phape st ar ¢ aptical éxn%@zutﬂblwspd?osmble
42 can change t he pol arjzation state of Light. ln
t hi% a@agg? cgwraﬁg&rft @np‘aiiﬁmla 1 mtl@ﬁ%ﬁtm Ag} seflgf:r 45 asa

the 20. ref.lecting mrrqr,42 i.s prelimnarily. known, .
¢ hBOTEizeE s rekated atanpd fhe Qntiad g Otag | comliguraROn Wherein

TR SREAL R Tk S BEEBRIS ! orbe g A opsica
LS A Bt AT 5 2Rl e o
5ot LR S A, 570 S ATE SRt
eSS, 2 PR P, BCTHRUER, . g kR o

the optical path.

poP

[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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FP06- 0456-00 result can al so be conpensated for in
the sane manner and the polarization state of

illlum nation |light can be accurately neasured. [O00FR06-0456-00

As described above, the polarization state neasuring
section 18 1is used to neasure the polarization state
(degree of polarization) in the 5 pupil of the
illumnation light for the wafer Wand to determ ne
whesshlfr cahealdd drei manpensaieghtfor sin rthen samer apanmdre and the
polarization state in the pupil. The above-described
enpolarizstionstaieent il lumiostion dightcanrberenurately neeasured.

pol ari zation state nmeasuring section 18 could be i

at {0 ddAs dlashsbedfaboves thaypolasization states mesisuringsection 18
state neasuring section 18 may be 10 assenbled into .

t his weedeto meaguranthe polarization stetee(degraeiafipolarizatien) in the
st age, di \fx;ler,ffnt from i,h waf er stage W5. &‘(3052] Fig. 3

i spupidofkhe dlleeriasien lglelt JorsWewateTcWhang te detesnyne gvhether
each lgl:‘ the varjiabl e phase di fferenc? nmenber s ) .
achsridiuggingd isdBran appaaRiiate molameation siste i the pupil.
e di pent, . each Qf the first variable 15, phase )

i The Abave desrubed soamodinast sb HigraHgeavherein the
di fference nenber 4 i.s construgcted a Sol eil
cdplerization sipswmepsuing segtion) {2 Gould §eaidahedeto the wafer

TR sl il Sy RS 45 oy o
SRS R 8 bl L B B 0 e
ke TR R e SR RGO ol el plate 2n el
20855 199 96 4 Oy SRl B SR B egions o
| RGO A AR ERLAE oo P BRRRF U resens
| ABGHRLEET 1AL IR AR YT BPTNE variabl

ggl'gig\elid% réhcd 911%121%8%’)’%&1@' HRO58PMNE RHEHIOpHAE Bffdrence

ron pris
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 213, 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 2Ic are made of rock crystal as a birefringent
crystal material. The first deviation prism 21b and the second
deviation prism 2lc have their respective wedge sectional shapes
supplementary (complementary) to each other. Furtherﬁlore, the
crystallographic axis of the plane-parallel plate 2la is set to be
perpendicular to the crystallographic axes of the pair of deviation prisms
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FP06- 0456-00 21b and 21c. [0054] A driving neans (not
shown), e.g., a mcroneter head is arranged to nove

the first deviation prism21lb and the second devi atFpgg-0456-00

prism 21c relative to each other along the

Z-direction, or to nove the 5 first deviation prism

21b and the second deviation prism2lc relative to

each other along a line of intersection between the
oppdbethds? bpes thereof and the YZ plane. The Sol eil
conpensat or (2la-21c) shown in Fig. 3 (a) variably

yi [0@fst JaAc ahrstingt namse (nof fshoence bt weemicroidert head is
light and energing |light according to the relative
posiranged tomoveths fisdt de¥iateon prisan 2pbisn theseasoddtdeviation
second deviation prism2lc, w thout dependence on the

i nprigen2écpetitiveote etch iogher ala@stie Brdirketion,her tdanadye the
t he Babi net conpensator shown in Fig. 3 (b) is )
cofipsdaviation prisns £ 1bearichthoseqanidsdeviationrprisam sdeoradative to
deviation prism 22b in order fromthe entrance side

of eaghymther@leng e liner of idersaction betwaens the nppasad slopes
th secfond devi ation prism 22b are made of rock .
el and the 4 planengehhe Sojeil gompansatan (2dad ishown in
thejr respective wedge  sectional] shapes conpl enentary,

t ot (a1 Nariablsyyiclds aoeenstanicphase, differenge gemxngident
of .the first deviafion prism?22a js set, to be,

peligbhand graeraing 3}@%&6@9@'&%@ thenrelative asatippg of the first

(rbviapignnpriset o215 A B Beinc ey iion sprEHG A G gwithout
GeFRATGRCC S 7 85 enGE HASVAOR 6186 ot her al ong the
kST OB Pt haRd e rtinch SomiaistIr o 31 Sagn3 (©)
OISR B 851 B 0520 R AR hASH SRR B
(228 if20aet T e EhPancd §Re of [fight. Here the first deviation
prism 22a and the second deviation prism 22b are made of rock crystal
as a birefringent crystal 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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FP06- 0456-00 variably yields a substantially constant
phase di fference between incident |ight and energi ng

| ight according to the relative positions of the fiFR06-0456-00

devi ation prism 22a and the second deviation prism 22b
though it is somewhat dependent upon the incidence
position of light along the 5 Z-direction. [0057] The
present enbodj ment adopts the follow ng prelimnary
adyasablntyieldst o esubstantidlyo ncantstantx pisise e difffpmnae ubetween
the first variable phase difference nenber 3 is

si myigeninkighicand emerging dighticaosheding @i theeralative positions of
yi el dfeld bet ween incident |ight and emerging |ight, and

i stheofigsdjdeyiatipn prisma22e wadphasecand deveatn pssedb though
to.a quarter of the wavelength 2, of light, i.e., so

{ hifdls SREGWhat depandssf uppndbe inrideace position pbdight alemg the

aczll_ﬁ.ately function as a quarter-wave plate.
Si Ar4ESHON. pef ore nounted on the exposure appar at us,

th vari abl e ase difference ne r 4.is

i BEESeBt r@%@ﬁ@pﬂ& ﬁpm the gﬁfcws reliminary

;:E@?ﬁgﬁg%k n incident |ight and errerfi ng I?ggﬁaj and, -

| AR ﬁ%ﬁfe"fw mga}lfe;:f en tRe exRasUICAPHRkES, the ﬁf)st variable

" e A etenol WRmbetng Lo sty veckSo iy AaGastre the phase

di fference 8r 4 can.accurately fupction.as ,a .
RIE0ES STERE pometl aGACHR 1, i€ Brndiaine ety and is

2%@% 61 e P3 dj ust%1 SO _as. r20 1 accura{tﬂ%lly

¢ UBREA° S0 "N e’ ikt fed a"ﬁdegﬂalo HRefrate of the
' iof.f ' b

SoEAPRGRIRPERR. Y 065058 AT A AL g orence

P aRehRc b deRakise s SRR BB GREEH RS alsisy Similarly

ST PTG 0 R BORPH 0B, SO o P

o qifffehod terfbor FHGRGHely! Mecleelito sBALEY HENFAR difference

r ofiai i YerdM HRAIANOHER: bRE ertSrging light, and is preliminarily
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 adjusted so as to accurately function as a
half-wave plé.te 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 lplate is rotatably arranged around the
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FP06- 0456-00 optical axis AX and converts incident
elliptically polarized light into linearly polarized

light. The second variabl e phase difference nenber EP06-0456-00

as a half-wave plate is rotatably arranged around the
optical axis AX and changes the polarization
direction of incident linearly polarized 5 l|ight.
[0059] On the other hand, the depolarizer 5 is
coupmccalcmad AX andi eoregertd ingidestreHistéoublyy polarizedblight into
ystal deviation prismand a fluorite deviation
isear{y pofirizechliglet/i aThesepond mpriablenphizre diffgrence member
corrpl enentary to each other, which are not shown in
t hé adraahialgwauen plite is evtateblyeartanged aeourab e bptival Axis AX
iITum nation optical_ path. Concerning the detail ed
conid ghanges rthenpolatizationotlircaonepbineident liearly polarized
ref erence can be nmade, for exanple, to International
pulightcati on No. W2004/051717. [0060] Wien the i ght

source_ 1 used is the KrF exciner |aser |i g c,t sour ce

or[0029] APn the @therr hand; dhe degrlarizsi s, ca ehas an integral

emtted fro theellght sources  typically has the
pdl’léﬁimza&ﬁ@@lﬂﬂ eg Adec fcr%t@d deviabios, prasia ansba tffflorlte deviation
l'inearly polari ed,Ilght dgs.ingcident to the fi

v EBl é’r %Nlﬁlﬂ@ﬂeﬁﬂ &ye sbmmorrﬁ@lﬁleatmy to

| P ﬂ%q' ; Hhiaer bt C&wn%irfll PG ARl GRgSet to be
frr%gféicfa}tlﬁlgf‘ atgﬁallﬁ}q}gﬂaﬁgéft{ i ‘fq%g}”fe f%?lﬁglaﬁ%g the detailed
- eibigis ﬁaﬁlﬁ%’ﬁ@%@%&@@@ rrL S Trifeesici o by made, for -
Z&‘?@fﬂiﬁ% i Rafional Ehitiitkrion NpaRudefbus A7, ' O

?Qfo?ﬁbff &, Do B e of Mspliish e RefCediinfy Ja light
riSibet ) R RS sRinly’ M sl b b el ik Srom

p%9§é ﬁghjc OurcRs %\é‘éﬂ&%s' thk %dléﬁ%ﬁéﬁ' deéIGee of 95% or more,

and nearly linearly polarized light is incident to the first variable phase |

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 elliptically
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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FPO6- 0456-00 polarized Iight and the linearly
polarized light is guided to the second variable

phase di fference nmenber 4, by setting the first FP06-0456-00

vari abl e phase difference menber 3 as a quarter-wave
plate at a predeterm ned angul ar position around the
optical axis AX wwth respect to the incident 5
elliptically polarized light. Furthernore, the second
vapD&M?@dphgh‘eandithedlmbf potarizeddlight & paidedvioy ¢he second
plate is set at a required angular position around

t headpblecphasexdifferznos mhembepde byt setting thecfickénmariable phase
linearly polarized |ight, whereby the incident |ight

of differeiee pasmbey 3tasonquarter-svaverplete aha predetermined angular
pol ar,ized Iight having, the polarization direction 10
al Begjtignd asovrd der @Pglcah ¥ AXi widuirgspeato to hthe incident

SBRRAES pobuBHERE: bbb Ao SR e
e T e
PR G AR e RS fobecal
e B A el ATl o
S 55 L B S i
b e e
opon g s B0 eGPt & ange T the pol arization
a1 ) 10 R o
[ oA o R, P deph A 578 BRE ef T e tliobd ngular
o 72600 886 52 BTl kR R QRHERSPEPLICHEiRIGER Jigearty
g:)}%c?lgglgeg gl ,eg'i? RSN oPRTEL S58riRA0As th_Eﬁverted into
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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FPO6- 0456-00 AX, linearly polarized |ight having the
pol ari zation direction along a desired direction can

be made incident to the diffractive optical el enentF®g6-0456-00

When the first variable phase difference nenber 3 as a
quarter- wave plate and the second vari abl e phase
difference nenber 4 as a half- 5 wave plate each are

set at the predeterm ned angul ar positions around the
opfiXalineaily polacizddviight hireingetid polarézation direotientaldng a
in the illumnation optical path and set at the

pr deirest dmeetioa gl by mele mcufent do dhediffractbm optatal element
axi s AX in an unpol ari zed state can be nade

i n@i déﬁhen t??ﬁhﬁrsiu vanizhlei phasepdiftetenct emembes. 3 13 a quarter-
[0064] In other words, the polarization state switch

( 3wgyeiplagnnd the sepangdcvarizhle phase differenne snemben# asrrehalf-
incident, light to the diffractive  optical_ elenent 6

( eVaneplpts Sah arpsehaf the .p@ﬁd@tﬁmaﬁ angualari peritions around
illum nate, the Man t he, waf er bet ween a
| .ﬂl@appaaahra}%t rathe adﬁnni@wam 5289 igseted in the

pol ari zation 15 state, it is

étqrﬁ O%oglf)tézk nfl? sshvat the predeterminad angylar position
O” Mﬁaﬁ}%ﬂﬁa@r ' Zaté%@dfé%é%s STl Sjets [cooghs made
v SireiRES 1o e QL ke vBeRED, 3. nz)mfgfe\s/a”ﬁbly
i W“iﬁf&t Shutoface: b nalgect ”t?fin e
F R R ”iﬂ%’f\?@%ﬁiﬁé?@ $BF el Lngﬁ;ttgr L i tfractive
p'%@iﬁf?”%%?&ﬁeeq 08 ey B pilkfibsten shloBr IS gl t

e %Wﬁé%@@é&@t Sl 968 Biion,
el eﬂen?ﬁ&%ﬁif para ft%lcfa Iﬂi%c?%séégﬂﬂé 8aP BoliiZation

state, it is possible, for example, to switch between 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
.comperisator and the Babinet 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 deviation prisns) constituting the

-vari abl e phase difference nenbers (3, 4), they can be
used after adjusted each so as to accurately functiP06-0456-00
‘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
illumnate the mask Mas a surface to be illum nated,

wi daviatig piisma) dessstiteting dhevariablophssedifferanchmembers (3,
substanti ve influence of manufacturing error of the
op#),cdheydaanismtised afttnadjisted@ach 2@ k) to asstratelyi fupction as a
optical nmenbers (3, 4) functioning as wave plates. As

a guster-wavieepletepardiasadapbhmaveplate. W) of the 10

present enbodj ment is_able to perform good exposure
unfR06&dnTharafermr the dlluminatioat iopticebnapparetys (d+hh of the
the illum natjon optical apparatus (1-17) for

i | praseRbembpdimsntas Rbi toetllsninate theimaskeM as gesuriace to be
[ I]rrri natg%, wi,th light, in a desired polarization .

st Hiuminated,7) with  lightabisy ca dglssired inslarizatéon astaiml ewithout
phase dif_fer.eﬂce nmenber s %5 (3, 4) are 'ncorpor(?\ehed1

i nSYREARYYS HEENE prmaé%ﬂ AR, CTLOT @géhe APtga nglements
is,sin eljmnarily adjusted by, measuring the ..
ph@@“gw;f Qaraeb)eRnst Hngaﬁﬁiqrglqam@ﬁﬁw &,f@eﬁm%@nmg
to the predetermned val ue (a quarter or half of e
WL VAR PI3test ARt JoSo g er XPosHEe RIS (UONS) ohf. the
does not have.to be limted to this configuration
pubteselt SIBBOGITEnT g 1 BllengooGeetatmt (EooR | SRpSHuSchudar an
in a modification exanple af. Fig. 4. the .yari.abl.e .
ors it BhShABErcohdtion, Yustis 188, JliPmBRtien optical

prirrgh L3 7 d8: DBl e et e G 5 el to be
. GBS B R, P 2 o

| (10067 6, BRI P bR, T8 FrlFS Wl SRR affmbers
U, %58 oh Sorpdgsed dh the iR EoR Sbticalath after each of 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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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 as RR)6-0456-00

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 ey 4) afftesradjisted td fnnctaimn acciattdly aseaguartergware tplate and as
18, to control the relative positions between the
op ihadf-walveriplates axep fiarthar poQJMelsz thiely mdjusted \sar aslbd germit
phase difference nenbers and to adjust the
phiicemask f¥leaseaceirfass ot be bﬂunhnawdrmubtmlqoﬂmwafer W to be
dlfference menbers (3, 4) so 10 that the polarization
stiduanigted Wlﬂmlsghw variebhe! palasizatioastatesur face to

m nat ed becones, a desired state. [Q069] In the
b[&%fﬁ eI§)CE1Igpl4b aﬁoné@éhar%u& arra@g@déwecf@wm mwurement
varla I se fference nenbers 4) i s made

§§ @@haﬂzmqm state ﬁavasvgmg; sption it do @Qntrol the

mf%tn%?%gspt Sarae e"ﬁ;etﬁ'ﬁ”c%ﬂgwmva”g?é‘iajz &85, 22b) in
b' G Etﬁl%ss. é%er%”%‘éz%qﬂél% S 65 9, ga:?%f ; Sadegust th pase
SC %ﬂt [ Ca Eﬂ_‘y a Co at | eﬁ@qc}zeaﬁ]re%y éllsa 4) SO
dil I f)r%gl n rcése e .

Fi At ﬂlqgggﬁn&?ﬁla et Fﬁ\élp?ryog APV o5 W 88 @ surface
et birated bagctpts A DR ARL ot E?“uﬂ.gt shown
aﬁé@ﬁ? r@ 8 e R3ioBRiy dehn BERGA! iBinkaf Forming the

ory e s RSl R B! o3 o, R rgR okl proed, bt
> nn{utﬁml{ ﬁ#&% 1?]@%1%?1‘%&?0 'tlﬁtq %&; ﬁ@acleelgﬁeh@?n the variable

ar |1 . am aving a ne
O EISTR S .Y PSS e

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 émbodiment 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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FPO6- 0456-00 optical rotator unit 12. [0071] Wth
reference to Fig. 5, the variable optical rotator unit

12 is conposed of eight variable optical rotating FP06-0456-00

menbers 12a, 12b, 12c, 12d, 12e, 12f, 12g, and 12h
arranged along a circunferential direction of a 5

circle centered around the optical axis AX. Each

variable optical rotating nmenber 12a-12h has a
conptical reftater switt B2. shape obtained by equally A

di viding the annul ar region around the optical axis AX

i nfQD71di Y¥ith ceferemée te diigals, shemaniable apticahegtatow anit 12 is
the same fundanmental = confjguration. Wth reference to

Fi gomposed o eighti eariablepptical rotetingimembersréRael2b, 12c¢, 124,
123-12h IS, conposed of a pair_of deviation prisns 23a
and2e3bt, ks ard [ dbkarcangachnlong arcispunfesentiak diregtion of a
Wi th opticaleictivity (rotary. pol ari_zation

chelreler eenteree )aroupd7the ntidal r axisddX .at iEaschp vasisbbs optical
e B e s S g it
crsauly sy igfne Pasadhular tegidn acetiad ha opcalr asis 49 into
S SRBERALA BB o R s oo
g b e B et S B i
SRS o 4 RO PR AR AR T ane 3n
oeRi SLATEE (iBeelas, 4T Rpblchf mintBRAL Pt plide BBy drptary
ABIAGRHAR HEERIEISTNLS o7 i Ml er sect i on' bet veen thei
072 P TS Faideih e Bl Wit L Bk itoy prism
i P L RIEEE reg e el S e sty b emgptary 1o
each other, and are arranged so that the crystallographic axis of the first
deviation prism 23a and the crystallographic axis of the second
deviation prism 23b both are paralle! to the optical axis AX (i.e., parallel
to the Y—diréction).. 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 i)rism 23b relative to éach
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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FP06- 0456-00 linearly polarized light, according to
the relative positions of the first deviation prism

23a and the second deviation prism 23b. The opti calFpy6-0456-00

activity (rotary polarization characteristic) of rock
crystal will be briefly described below wth

reference to Fig. 7. Wth reference to Fig. 7, an 5

opti cal nmenber 100 of a plane-parallel plate shape
maliseardly rpolkriced dight, asoording itogtheheelafive puaitsorss o the first
| ocated so that its crystallographic axis agrees with

t hdeviptiongprismi 23a\¥ndIthet seicond adeviatitne prixnn &8b. neETheroptical
100 rotates the polarization direction of incident

| | aetavity (yodhgyr pelediZatight chayacteriaticuofirodle coptalowill beitwiefly
AX and_the enmerging light is in the O-rotated 10

st deseribeskbelonw with oefiererde tcFigi .y With refevenée g Fig. 7, an
menber 100. [0074] At this tinme, the angle of rotation

of optiealppeartier Ai0Mbaf aiplace-perallql pdater shepei made afaockrerystal
angle) O by the optical_ activity of the optical . .
nestsd havong ithe dhigknesedl iy lmtqé)sob&namts wsysigllogeaphic axis
thi ckness, d of the _optical nenber 100 and an opti cal

r ogless Wit ike optisal asAck.y simthis iwmse, theyppiiegl meovssr 100

I n gene

iyt vt it ot
de%éﬁ&ﬂné’leuﬁﬁacflhéxiﬁgéé{ @ﬁgtmeopmer%ipg% ﬁ'eggg is in ti'ie. 8-rotated
OB Bl S ShepEE ke ands et et 1!

! g LT U 57 1, S BB frcton
opolitigmia Tobtiohaalfh foPyrity el AGRA o the optical
SRS s BRI BB TA Bl g 85T ot e
vl ziBer PO Bk BBl ol 80 Ryl

pr esent éagt@s-i ment, the vr(\‘rlj abl e optical 32

[0075] In general, the optical rotatory power p of rock crystal 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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FP06- 0456-00 rotating nmenbers 12a and 12e opposed
Wth respect to the optical axis AX are arranged as

follows: the relative positions of the first devi atfpgg-0456-00

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

incident thereto, they output linearly polarized |ight

hasotaging tthembelrs 1 Raatrid h2diopposed with aegpect dortbet dpstical axis

resulting from+90 rotation of the Z-direction around

t hAXyaseiasraniged. as fdllows:tthe pélativespositions|of thiei Srst deviation

case, therefore, the polarization direction of |ight

beprismpa3ai anygd tthe meghnd aderdationf paset 38br &@i smsset ahat when

arcuate regions) 3la and 3le fornmed by light 10 beans

subiearly tpolatized dight dhavingathenpolarizationodirettéon salong| the Z-

optical rotating nenbers 12a and 12e, in-the annular

sedivpetiony is iggidesbtharetod they louitput hnesady ®latiged hight having

X-direction. [0077] The variable optical_ rotatin .

nethigepelarizptign ditenticopplengn dinestiongeselting fonha90° rotation
axis AX are arraaned_as_ follows:; the relative

2&%@% Lidirectm aeamg; thet ,dtd.orlopgi thmXgliregtion:. heln this
R S T Gonabr bt gy el
Pt O] FREsey (oA BEIPRg |44 Adedtgmed by light
P S S S R O P ik ptic
T R R T
YRR SR AR o e o7 Cures o
0P8 etiRRIE e rplelite, 5 3RPerd| DTt 03 oBosed with
RS TSRShSAA IR s Bk R AP
SRR oF QA% kA BRishl 250 % 0 JeBShU AR friom
23b are so set that when linearly polarized light 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 +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
éhown in Fig. 8, is the direction resulting from -45° rotation of the Z-

direction arounc_l the Y-axis.

33



10

15

20

25

FPO6- 0456-00 [0078] The variable optical rotating
menbers 12c and 12g opposed w th respect to the

optical axis AX are arranged as follows: the rel atippe-0456-00

positions of the first deviation prism23a and the

second deviation prism23b are so set that when

linearly polarized |ight having the polarization 5
direction along the Z-direction is incident thereto,

t hO7@]t Phi¢ variebde | optiqed| sothriag hiepiterbal2mainidd2g opposed
pol ari zation direction along a direction resulting

f remth+i8pectotoatheooptidal teabes AXi are crrangedr aufulldvis: the relative
Y-axis, 1.e., along the Z-direction. In this case,

t hposifions of the fipstl deviation pmisti P28atdndntheafecbhd e videtaors prism
passi ng through a pair of sector regions 31c and 31lg

1023 anedo syt thaghw mz]ximaaslgm(dm'ized%ig}& hapting dhe polarization
rotating action of the variable optical rotating
medite¢tson 2éong tha Zgdireationds dnaident therstodthey olripgiitlinearly
source 31 shown in Fig. 8, is the Z-direction. [0079] .
Theolatized blight phaang gtm aolagzatiopedyectianantonpia direction
opposed wth respect to the optical axis AX are L.
arfiesuling from dTh&Q%srptw@l oé|thei{rdirectopotroundribet ¥-axig 1.,
first deviation prism23a and the second deyvi ati.on

pralengbe Zrdirestionet Inrhis qasentheratore, theypolarizatign direction
O e o o s BR Syt Seds 5, py 31e
A tonmes” By BEBE drarns Subiecicia han RSl crosefioe SRR F the
Rt SPUCAL o3 apTasbEs 12p aBdl bidn the groubasseondary
P ST Bys OO T i dhjiS B oHRISh i cal rotating
20993 BBl AR SR TR 328 Bopose
S Bl B e X S, M PG e
E &Oogﬁg&?éi'hc? ﬂ%eififﬁ%v?ﬁ%’ﬁe pritsﬂﬁe 2482 Ahe RBbh§ %ieviatiqn prism
23b are so set that when linearly polarized light 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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FPO6- 0456-00 constitutes a pol arization converting
el ement di sposed on or near the illum nation pupil

pl ane and adapted for converting the polarization FpP06-0456-00

state of incident light into a predetern ned
pol ari zation state. It is noted that the present
enbodi nent is provided with a center region 12 5 of a
circul ar shape having the size equal to 3/10 or nore,
pr ebrstithtes 4/Polarization e;ornfertihg clenieat dispesedt ohher near the
effective region of the variable optical rotator unit
12illmdineticmpupdl pferiec ahdr adated yfqrovenyertimgo thierpdlarization
i mpl ement normal circular illumnation w thout
r estiate tafnincidenty ightiihto aopﬂ'edxﬂbrmm@i polartiatior? statem It is
the optical path. The center region 10 may be mmde
of natﬁtdotélat ¢he present iembedimenitis qqmm&kf withas eepterotegion 12
silica and fluorjte, or nay be sinply a
c. eE awarcl&@reshapeehavmg.tbe siesveqeal to HaPear miae, preferably 1/3
center region 12j is, not_an essentl al elenent to the
vaPi amne, gbihe mdinbsien! the ¢ qcztlvq oepdon afitherseariable optical
present errbogl ment, . circunferenti pol ari zation, 15
ta@rnanity d 2aandahaving mlﬂr&w |1rqm0ﬁﬁt pewer, in order to
xis illumnation i, ch i beans passj ng
FHeNQEMY) eirculas d umlgaatlpghw au? seiraging dhe viagiable

f; e T@ea%?;@z&&l O B S LAY o 1
L B AT AP g8 WD o
R Al TV U AR iy B
I??hﬁeﬁbﬁfi{tcﬁa ‘3 e§a¥eélﬂ%3%?%'r 0l BR" trvential, clemient to the
T S nggnégryapfgﬁgggu?ﬁgm
gé[o@;ﬁt] g 02‘9%%“? SoBpAlbHE o RordmAash R, i fiization
llf(ga%{rﬂgﬂ{h‘i p&l'ah%ﬁﬁgﬁ lugeLr ﬁg&ﬁ%ﬂ;ﬂ ?8&525)8& iiddifhation in

eans" passing hrou
which light beams passing through the annular secondary light 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. §,
the annular secondary light source (annular illumination pupil
distribution) 31 is formed on or 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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FPO6- 0456- 00 respective sector regions 3l a-31lh
constituting the annul ar secondary |ight source 31

are in a linear polarization state with the FP06-0456-00

pol ari zation direction approximately coincident with

a direction of a tangent to a circle centered around

the optical axis AX, at the center position along 5

the circunferential direction of each sector region
3lrespdctive [s86®2] regionh & lar 25k ntonstibatingrethe, amsular secondary
descri bed above, the annular secondary light source
(ilightnsmacedhl @oeiin alilmiear poladnitién statet heth the polarization
circunferential polarization state can be formed,

wi diheatiors appreximately comoidentcwithf al dixection qpfaat angent to a
light, by the optical rotating action of 10 the
vanrelbleensgred arpundtthe coptical taxie AX nat the center position along
circunferential polarization_ annular illumnation

bdbecirsmniesenimaldizection ofeach sentoprggipndletd 1but i on
in the circunferential polarization state, the |ight
prl8082] da tha present earhedimeat, as rdesgribedr phewes Hhyannular
illTumnated.is in a pol.arization state in  whic he.
prieRengary senrcs S(ilupunatien epupilg ﬁlﬂsmbﬁélon51 51%n the
A e —
e e R PSR o o
R4 BBy RS AR Bpation
o i SRR o AR B B tion
el BB AR, R il B omo e
5559 A AR B b Sl
T SRS RS 35"l Bl b dgprized
AR B RO T8 0 T B kB tone o
WaiPaRIY nothi¥ieto e plane of incidence (polarized light whose
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 aresult, 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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FP06- 0456- 00 the exposure apparatus of the present
enbodi nent uses the illumnation optical apparatus

capabl e of forming the annular illumnation pupil Fppg-0456-00

distribution in the circunferential polarization state
while well suppressing the loss in quantity of Iight,

the m croscopic pattern can be 5 transferred

accurately and at high throughput under an appropriate

i | thererposne appasiatus @f.the @i8ddntl embbdinpéogsds the illumination
enbodi ment, the apparatus is arranged to inplenent

r adpticabalpparatas | capable wiafoirhingnthat aranuléofiflumihation pupil
illumnation in which Iight beans passing through the
andigtgbutienondarthel i gitdursfareniall OpSAramdonetstate awhile well
radi al polarization state), by making linearly
pokuappressing thghlossvimn lquahtity of dight atieomidiaseopicopatégrmngan be
the X-direction incident to the variable optical

r ottansfertad tactRragglyt lamdaat i ligho thiowghpulk amndert annappropriate
state switch (3-5) and by setting the |ight beans
patiimipatiomoogdition. annul ar  secondary |ight source 32

in the radial polarization state as shown in 15 Fig.

9. [§084]nkn r the apregentarambedisnest; athe appgratusedss arranged to
passi ng through the B respective sector regions 32a-32h |
coHBplamentigdialepelarization sagulardHyminaten (efuaxis ilpmination
are in.a Linear polarization state with the .

poltaM ch light %@waasmga%ﬂugh tae enpulasiseepadaty lightsource

a é?di al di,rectign of .a.circle centered arouynd the
opP+

&P wotile avadil nolarizatien staedi by grakingnbneprdy pajarized

ci [.c ereptial, directign of each sector_.region,
: 32@1%5%{1{11 plarizating dirgetion engrtﬁ§§21dé¥¢cglmmm§ident to the

SRR TS B S s
SR8 S0 R B e
SRR CRTBRICD 1368 B804 bR R 83K oo n
Lo, R R0 B TP B S Bugh o
respective sector regions 32a-32h 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 cémponent is p-polarized
light. The p-polarized light hefein is linearly polarized light having the

polarization direction along a direction parallel to the plane of incidence
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FPO6- 0456- 00 defined as descri bed above (i.e.,
pol ari zed |ight whose electric vector vibrates in the

direction parallel to the plane of incidence). As &FP06-0456-00

result, the radial polarization annular illum nation

enabl es the apparatus to obtain a good nmask pattern

i mge on the wafer (photosensitive 5 substrate) while
controlling the reflectance of light to a |ow level on

a definedtasageddrieed above (hef, grolavizEdadt whose esdeatticyvector
the Applicant of the present application proposed the

f ovibratesgndbafdirpetian parallebto theaplane ofiincideneehat Asreatesult,
Publication No. WZ2005/076045: plural types of rock

cr that aadigl qpalerimatiom garroilan tilluidipadon f enahbles the apparatus to
thi cknesses along the transmi ssion direction of light

(| ebigimsai gooHe Mgk cpatterri dmdigeecn dhy avafenr (phajesensitive
as optical rotating _nmenbers in the circunferential

di swhstrate) whiler eemfrelling the reflectance ofidightitnga downisnel on a

ear the illum nation pupil plane and

di sposed on or
-ad@ﬁiﬁcﬂp@&ed@ﬁﬂéﬂﬁfﬁgw-he. pol ari zation state of

incident light jntQq a 15 predeterm ned pol arj.zati on
ot ST i antalise st Ampafopst @ i psseht enpliseting proposed
osed . n the ahove-descriped appl|cati

e O i SontEraey glfePW 4k Laigeratignal Bublication
anoe. SYORBPRPRORS Dliabichipeki Rdarpok porathl, adates having
b e e R R SRS o ligh
TG, BB SRR AR RSLRAT e e b Bptical rotating
DOAHAR 37, cpuk Ak SR AL 98, T, AhfaiBation
e 1, 0930, SRR BN A APh SRR bie enc
AL Sy VLA o GO o o
tNSre@B@rfiflbd pBlarization state. In the case of the polarization
converting element proposed in the above-described application, it is
difficult to accurately produce each of the optical rotating members for
yielding a required angle of rotation to incident linearly polarized light,
from a single rock crystal plate. When each optical rotating memb.er
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 unit 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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FP06- 0456-00 rotation to incident linearly polarized
light according to the relative positions of the

first deviation prism 23a and the second devi ati on FpP6-0456-00

prism 23b. Therefore, even when there is sone
manufacturing error in the optical elenents (pair of

devi ation prisns) constituting each variable 5

optical rotating nmenber 12a-12h, the variabl e opti cal

r ot@tttionuly tindidentdinearlys pdlaizel lipht ocerdial! €o the relative
optical rotating nenber 12a-12h is adjusted so as to

f upositionsadche diret geviation prinm Ba armehiher sdcondydestigiiog prism
the required angle of rotation. [0088] Specifically,
beRdbe Mihentfedepaver avierp tlserecisagprae ahaaufaburiag error in the
optical rotation angle by each variable optical

r oopticalgelemndrts (paia- 0f hdeviistiom gwisras) constitutimg ebtle variable
optical rotating nenber 12a-12h (eventually, the

r ebpticaleropating inemberf 1240d 2hi, tlse vadablet opticgd rotatop8nit 12 can
and the second deviation prism23b) is adjusted so

-t hbe ushd adisricagh vastainle optisaljretatingouembes 12a-12h is adjusted

predeterm ned value, and then the variable optical

r o¥@utasr ta sfumetion1 aceurately oap @aopticeh member | fori Fielding the
optical path. Another potential configuration is such

t g angleadiretadigti.cal rotator unit 12 is first

incorparated.in_the illum nation optjcal path, and
¢ R0 S eSpedifiealin e ipeRnied ORe the r SIPQSUVE agpRAatus, an

prism 23a and the second devjation prjism ,23b each are
adpPRid¢alFotaiiomangleey e ivaimagi% pPtisal ratating im@mi?@ﬁaé&a-mh
12a 20 12h .accyrately, functions,, based on e

relsdTiFeRERd, FertLVeriEle, oRiIcal JoRing mesbe: 4% 121 (eventually,

measuri.ng section 18.. Sti Ll anpot.her potent]al
Toie TelAdyS Srositons of Renfirg drviaen iResis @nd the second

S8 BETROREL 20 i A i BRRL AL LAY aneie
RS SR PR AL AR 3]
W 5 3 B AL S8 bl B’ et

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

ilIuminatéd can be illuminated with light in a variety of polarization
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FP06- 0456-00 states (e.g., a nodified circunferenti al
pol ari zation state slightly different fromthe

perfect circunferential polarization state, or the FP06 0456-00

like). [0089] In this case, as shown in Fig. 1, the
controller CRis arranged to receive the nmeasurenent
result fromthe polarization state neasuring 5 section

18, to control a driver DRL for changing the relative
postatasor(s.gof a t hmdified c aircahefiepnitial ( pdarl2dtjon nstatee slightly
vari abl e optical rotator .unit 12, and to adjust a

di différbuot from tife pq:xtfe«:tactlrcrmnﬁarenhahpulmmzat1b;a state, or the like).
variable optical rotator unit 12 so that the

pol 189 alni this stse, esathdviny lim FigahstheocantrollersSR. ¥ aranged to
the wafer Was a surface to be illum nated becones a
10ragedver the sneasareneodapsulh frownstheapolarjzation state measuring
illum nation optical apparatus (1-17) of the . present
entssdione, toscaatira a driver R hierchangingshe Kelativg positions of
surface to be illum nated, W|th light in a desired
pothgroptical efersentsd 1 2a+ 1 2nLin thewsstadle ppticalatatesseibi2, and
manuf g:turln e[ror of each optical el enent 1g

( 169 AEUE on e c éotaémrhmr%owtsu ¥l the variable

rot ator unlt 12 he .exposur e,_appar at us
( 10®iEal gptatae uﬁ%te]s?e 50 thab @m pﬁ;ﬁflzaaoatst?ée of aléﬁmabw to the
good sure nder _an pproprl te il L nat, on

comask Mhor g gveke | EOeer £d unaaaéﬁdabsgomes a

(1517 f or i 1lum nating the mask Mset on the surface
od qqﬁt@l‘iﬁnated Wlth|lght |nthe desired 20

pﬂlﬁ?ﬁ 35 G, SB7 AR TARRGR SRS APPRTACR (ol Do the
A S A L e
m R 08 S, AR AR s, it
%u}%*éfi{‘f h?@?%tﬁ&ega?t RepfgcEn8 Erbl Bf e opricy] clement

a'(‘i@%—fﬁlﬁ 3541 359! fothinP N8 riabth OhRichl PoM4tAPunit®2. Asa
result, the exposure apparatus (1-WS) of the present 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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FPO6- 0456-00 to be limted to this, the
circunferential polarization annular illum nation and

the radi al polarization annular illumnation can alpBpQ6-0456-00

be inplenented, for exanple, by switching the

vari able optical rotator unit 12 between the first

state shown in Fig. 5 and a second state in which 5

the variable optical rotator unit 12 is rotated by 90

ar taindbet Hemafedi ctal thasi stheX, cirehmafereatinb pbbarizatiohe nannular

Ii?ht beamin the linear polarization state with the
Thrmpticomanid rtleetradml pbtarration ahinlilae dhimmatiomtamglso be

the X-direction. 0092]rb In the above description, the

vaithphareented] for exampley ywwttch121g the weridhde aptital rotator unit

i medi ately before the mcro fl eye | ens 13.

Ho @ eatweeni thiofinst iséate rfpowen e H};gnﬁtmﬁ ameching, stateein which

variabl e optical rotator unit 12 can be generally

| othst wariableopptiealrrotater pupt 1208 rotased | by 98% arpgnd Yhe optical

optical _ appar at usé}é PL) for exanple, it may be

| odsisedXonrelativede theeinsigent lcbght bﬁ@npm; Jﬂ@@:tlmar polanzatlon

optical .system PL, op or_ near t t he i magi ng
SS’f@Eﬁ W}Eh thg podanization direstieni ﬂ@g dLéeqtm or along the
gca aX| con system 10 (on or near the pupil of the

Jree@emd. 7). [0093] In the above descri ptl on, the

' B}r@%ghoﬁfbé 816% ?i%&%agﬁl ftlﬂé}%ﬁlé%blﬁ opiisa g@ﬁ%ft@% Gﬁﬂel?- is
:e <Shed g 9@1%%1?2 e ”E@E%%?SﬁmﬁCéyiﬁ%psh tlhw
ré‘%é\ thaving 5. @g e’ 0 s e I R spEtOp it 12

or b BBty RsSa ol & e BohURT 7R Mufep optca
e oS RIS forrSxtnley o né%‘r;%%‘f’w?igaoqrdm thg pupil of
r el RTOEFHAE el of sCsh e on g, APBLHEY pBEE € imaging
"eﬁi?t%eﬁ s%fstﬁnsﬁf,t@f irﬁﬂfae?ﬁat%?); SIS ”&&Salshﬁé%c%ﬁ sysf'é'm 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 Vaﬁable
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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FP06- 0456- 00 segnents of a circular or annul ar
effective region. Nanely, a variety of nodification

exanpl es can be contenplated as to the shape of thqu()ﬁ 0456-00

effective region of the variable optical rotator un
12, the nunber of segnments of the effective region
(the nunber of variable optical rotating 5 nenbers),
and so on. [0094] In the above description, each

v agdpahtgts Ot b Gdlculat af iangulmnEREEctivie edioh. ( INamelQre variety
the variable optical rotator unit 12) 1s made of rock

cryf haddifidatieresxamplelotidn bavicrgetnplated asritd eélletshape of the
this, each variable optical rotating nmenber can al so

beefffectéveotegiont OE thapariabié apticabtrotadr tBitmh2 ethahumber of
with an optical rotatory power. In this case, it is :
prsfgmmernts ofithe effeetive regior @hemtmbenof wanbbtdmpucal rotating
optical rotatory power of not |less than 100/ nm for

t heehityirs), ahdviaveh.engt h used. Namely, when an opti caI

mat erial used has a small optical rot atory povver

t hi0D9dd da thecalsaee desdrptiomt erichi viarisble opfieal rre)datmg member
rotation angle of the polarization direction 15 w ||

bel 2aé Zhe{therefers, ske verishleseptioalsratatoguenit 12y ivmade of rock
l'ight, which is not preferred LOOQS] In the above
dearysiabt | Slowevier, waithewt havimg tomberlamatedr toithis, each yariable
|nstalled as fixed relative to the |IIum nation

opeptical rptating member ean glsei beymademi anathep apprnprigie optical

12 may. he arrangeq so that it can he jpnserted 20 in
arfgatarial Jpith Ay ebtwalrr@tatpm BIONERT oﬁndbﬁ eaf—re bfatsrpre?frr@ble to

above descrjption ent ed t.he exanp
cdrﬁsa %ﬂp&wal)ﬂn%rﬁﬁa é"flt the aptical r%t.at%Yt nogrﬂwfamtzléas than

or the but ,it sal ossi bl
L goR b fo%'¥ apslep 3¢ Hlehio optical

um .na |on such a

qJé&f%{% d 0' Sragpbowicah rdRfors ngesn%%%%aesa pcessary
CI CU| aﬁ[clglglillg; nat AR dau‘g@iﬁng &q gﬁ th aqgg{l%wcmﬂ direction

Wlll 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
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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FP06- 0456-00 the variable phase difference unit
according to the present enbodi nent. The vari abl e

phase difference unit 9 according to the present FP06-0456-00

enbodi ment is |ocated on or near the pupil plane of
the afocal lens 7, i.e., on or near the pupil of the
illumnation optical system (2-17). 5 Therefore, in

- the case of the annular illumnation, a |Iight beam

hathe gasiabkuphasndifférencaanit zﬁrcomi@@StcS&ﬁt presedt embddiment.

the optical axis AXis incident to the variable phase

di fifeer evaréahlsi tphise | diffteencesamif Pheacootdingl ¢o the present

illumnation, for exanple, eight |ight beans having a

submlmdmwntyls lotated| @ ocrmems thegripih plameuofl théiafocal lens 7,

optical axis AX are incident to the 10 vari abl e phase

di ifer encer uwiar the pupilbef dhevillumihationi bpticak system d2-17).

the octupole illumnation for sinplicity of

dedberpforenin fheosrp ofrthe anstdaredbzminationg 2 light hasn having a

vari abl e phase difference unit 9 is conposed of _ei ght

vasubﬁa@tlpﬂﬁ%nui&rf@'ﬂsm@tmmme aicabexisd X geincident
9 and 9h of a cjrcular shape arranged al on

Ci t@d?wevmﬂblm phaserlifarenen Wit D.c; o es sase fethe octupole

argund, the optical axis AX., The variable phase

di tHeminaiione fre cxanplo aighte light beamst hfmm At substantially

configpration and, specifjcally,. each_ varjable, ph
di Pﬂ@ﬁ&xc@%rﬁ?@twm Ao tha Optigahaxis doKeare mclgent to the

coNBERB BhaseGereRo it . (3311 Dol oH| desembe the case of
f off a@&@ﬁ%ﬁmﬁfqdm%ﬁﬁe BPLCIBRE RTINS pase ng
F T e P
ilfﬁﬁﬁf*ﬁﬁ%{g@&f Bt yepistiRahath difetdegreREes OpodacPe, 9d, 9e,
ci gf u%,era%lﬁt ﬁﬁ' of I%L%ﬁr!gflf‘t' qﬁ%%g gg@azgg}gho CircUmferential
CoL 45 e AR B S i 9T i

phase difference members 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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FPO6- 0456-00 all nust be linearly polarized Iight
havi ng the pol ari zation direction along the

Z-direction by the action of the polarization stat&pgs-0456-00

switch (3-5). [0099] However, the polarization state

of the light beans reaching the variable phase
difference unit 9 can -deviate fromthe |inear

pol arization 5 state with the polarization direction

al aibgntibte bé- Bheaty ipplatizced usghtohaviny the pedadfatidne direction
pol ari zation characteristics of the optical nenbers or

t hdohgkthe di-dpestidn by theection efthepsdlhribetiowe state Bevitch (3-5).
second vari abl e phase difference nenber 4 and the

v 0029 dHpvever, dhefmolarizationistate. ofAthealight bpams reaching the
speci fic exanple, as shown in Fig. 11, the circular

| i ¢ariatile ghase differdnceiuteh® ¢an deiatefionblthe fimege polarization
di fference nenber 9a in the variable phase difference
urstateowity ftlag pfodarizatiomidsredtioroakmgethe F-direction because of
pol ari zation_ state, and the circular |ight beam 33h

i noflgence taf theepolarizative eltarseterisitics arfetheeopiaplemegnbers or
turns_into a linear polarization state with the |
pdbsgrlikedisposed ie dhe eptigad patl between it seend weriablephase
the Z-direction. 15 [0100] In this casg_, the vari.abl e

p 1

ferenge srenber dnand ghetvamablgplaset diffareaes vt 9 s As a
ARG SRRt FRaTRIane EhevaLgb UZabl Ao SHopiars bt deam
EATTHERSTIEN NI T Ly -
O TS 085 S S0E SR 8 Bl psftin
S0, B, e b A, o, s
B S e O, S R T e e
RSO S on AR PP SR B B .
T e N AR S M

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 relaﬁ?e posiﬁons of the
first deviation prism 21b and the second deviation prism 21c (or the
relative positions of the first deviation prism .223 and the second
deviation prism 22b) are adjusted so that the variable phase difference
member Sh 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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FPO6- 0456-00 incident light of elliptic polarization
into linearly polarized |ight having the polarization

direction along the Z-direction. In addition, the FP06-0456-00

vari abl e phase difference nenber 9h is set at a

predet erm ned angul ar position around its center axis

to convert incident |ight of |inear 5 polarization

into linearly polarized Iight having the polarization

di iecitleninlighbof etlijtipdlarsstionnints dirtearly polaneed light having
the action of the variable phase difference unit 9 as

a pld gpolzrration cdireetibiinglarigerthat Z-dirspidsed dm @dditen, the
the illum nation pupil plane, the polarization state

of varinble phastedifféreghe member Hoisvsettatda ipredetarmissd engular
polarjzation state (the 10 |inear polarization state

wi position goound z#s i oentdt raxisi tn edmvegt tineidentdlight téfodinear
in the specific exanple) and, therefore, the mask M |
anpolarzatipar dntay daeady ipalarizedit Bghti havingyhthe rpelagzation

desired polarization state (e.g., the circunferenti al

poHiertianalangttheeZ-dinectiomi aIen %@ilsamiamer,dw ghatastion of the
the l.inear polarjzation state with the polarizati,on

di VaGEPlsnphA%h g prenze 1801 9 g6t @ ginlagration comRerting element
AEpbeatin e heADindnbhsanom oser e atesdoR st of
ke bR e i e s (e
- Tingsh poletiettion Stale oity s RAISHEAIRR | SR MeA he Z-
the. i | ). umi.nag i il 20 pl it.is th

{ oSEPHHGN 8 . v B reerabls) aadadirietars dbe s Maad the
 TREREETP 0555 S BTN o S B0 st
(el B FEGRTiA ng BRA B0 S HAE cBE RS s
OO U A b P U8 RSPl op BRI S el the 2.
| NYRBLEGE dr5tnRl 1802 P RYASRR), Sy AV hNab R SRR Pkrerc unit

9 of the present embodiment is used to locally change the polarization

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
occurrence of asymmetric error in lateral or vertical directions of
patterns.

[0102] The above description was given with focus on the case of
octupole illuminatidn, 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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FP06- 0456-00 the nmulti-pole illum nations, such as
di pol e and quadrupole illum nations, and the annul ar

illum nation so that the polarization state of FP06-0456-00

i ncident |ight can be converted into a desired

pol ari zation state by the action of the variable

phase difference unit 9 as a polarization 5

converting elenent. In the above description, the
vathieabtmilphpele dilldmmationsynisuch i as | aipoled andor quadmpole
the pupil plane of the afocal lens 7, but, wthout
haiumginiations, kndithe annularhilsminationrscathsi the podarigasion state
generally on or near the pupil plane of the

i | oflimcidantdightpranche ceyeerted intp-a dysiredpplesidation sthte by the
vari abl e phase difference unit 9 may be 10 arranged to
beagtiaty a@f dbee variable hphasel iffesencen wpiti Qalkas pat podarization
to be fixed in the illumnation optical path. [0103]

| rcamisTHBgy elamert: i pln ohe abevadpeseniption,wilke seanehle phase
that_all the, og¢tupole_ Iight beans 33a-33h innediatel¥
afdigierepee ugi 9 py d pe onpgardbecpypihplang of theatacal lens
unjt. 9 were in the Iinear polarization state wth_ 15

the pBhawithautohavdngeta o tonthis, dt @Bt \Fqi&ﬂ, bgulocated
wi t hout..having to elimted to.this, adjustnent, can

| BSHeRRlE Tl aean She pieTh Dlwe F e Llvmalion epjical system

o TS 1 sak S he Uk B e S may b
| 0300, o e R vl Ll aeiuet Lngyesch of o b
S8 By B R BB B, 025 & e

S SDNED P i RO RPN o SRRl R R ot ol he
LRI L 5 TS T s e
e Gl HEEAREE %, 3055 U RABR o PRe i

drih¥ o1i2att 08 Wirdfidn Slonk tHESZ-direction, but, without having to

be limited to this, adjustment can also be so made that the light beams

immediately after passage through the variable phase difference unit 9
are in a variety of polarization states.

[0104] By ﬁlrthe_r positively finely adjusting each of the variable phase
difference members 9a-Sh 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-Sh in the variable phase difference unit 9

through the driver DR2 shown in Fig. 1.
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FP06- 0456-00 [0105] It is also possible to adopt a
conbi nation of the variable optical rotator unit 12

shown in Fig. 5 wth the variable phase differencerFpog-0456-00

unit 9 shown in Fig. 10. In this case, it is

preferable to control an elliptical polarization rate

of illumnation |ight by the variable phase difference

5 unit 9 and to control the polarization direction

(t (el 0%] o tseadss paissibid t@adopt atdombastionf ofthe pariatsle optical
pol ari zation) by the variable optical rotator unit

12rotatort i 12astmwn e Figy 5,awith theaseiatilé phasn differente amnit 9
and the variable optical rotator unit 12 nmay be

ar shogadin Fignl®dj n thisgeaseatteis prefarabdé 49 comiralcad elliptical
system (7b, 11) nmy be_ interposed between these units

SO polm*;zatm ratesaf Lllumm@mm Eg]nﬁ byr theavatialledphasebdifierence
conj ugate wi th each ot her [0106] Fig. 12 is a drawi ng .
scHaite! jand) toycastinnli thg po anzaﬁlgzm aeicsionofth emajpn@ms direction
vari abl e phase difference unit according to

pr s dhe caserpb¢llipineal pnlamaatm@bby thaassiable @@t@ﬂh gotator unit
unit 19 shown in Fig. 1 | ocated near the

bl ilAd 18, this gase,the grar e pilaﬁg Sitfesencspunit Byngithe variable
conjygate with the surface to be illum nated in the

| | phffakrotaterdpit d2i maﬁgwaaratauge ¢ inpp) adjpeniggoate, @t a relay

ch gcépéy%;;m“ﬁé Lo)g b lggmgggﬁe&wmt gt é%is% that

(aﬂgefsgﬁm 83012 A g AR b COBREAGA VHGACh Other.

di f@#@ ?c: tqg I]'E‘g levice %&%3{1@ X ﬁgggﬂﬂg@aponﬁguratlon of

IC: %ﬁ%?t : IO h Hu ?lgﬁc%lnluﬁ R I ofﬁflgh t0° the present

refm@fﬁwﬁnr ﬁef&qa@?%ahég%e diffts ab' ﬁwﬁtb@? Shown in Fig. 12 is
Tolo 48l Qg MY ROBRRH 162 21%”°§$ e #pa8igh" Bptically

N@@@g elpmetaent shod o Lgﬁggatg@ Tu9hL ifEkniRklidn optical
( 1§1§’paﬁ%ﬁls (1—)17?,%5 sHRén slﬁ“ﬁgf Tgctgy_'entﬂ;l ref%?e, a light beam of a

rectangular shape approximately similar to the illumination region on
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

47



10

15

20

25

FPO6- 0456-00 configuration and, specifically, each
vari abl e phase difference nenber is constructed as a

Sol ei | conmpensator shown in Fig. 3 (a), or as a FP06-0456-00

Babi net conmpensator shown in Fig. 3 (b). [0108] Each

vari abl e phase difference nenber (19a-19e,...) is

arranged, 5 for exanple, to be rotatable around an

axis passing the center of the circular contour and

betowgiigaraildne and ospdeafioplly,cedchaxadable phaseadiffdrence mhember

Y-direction). In an exanple where the mask M and the

wafse copgtametedi a3 anSoelaibcompensatohshownt ire Higndala), or as a

polarization state with the, polarization direction

al Babinateomprnsetan shownin Figwh(bh Fig. 13, all the 10

i ght heans incident, to the respective variabl e phase

di ﬁ?mﬂangéch varpelesphasgdiffesence mespbemd %aal 9eibi)ds arranged,

phase diff rencg uni t é nmust (ﬁe l'inearly polarized

| i %rrt CRHVPIy onbe getatablesaraimdaneaxis passing ghe wenter of the

direction by virtue .of the actiqgn of .the polarization

st isbeotnt et bt Cis _Afglﬁe@Pﬁ%H@X&l5Mi(Eaﬁgﬂ@ﬂa fo the

st of .the l.ight beang aryiving at e vari abl.e

phgﬁsfﬁr%qtm 7 erlBSA, GRATe SHACTSeattask Whand b  watsr W are

polarization stat fth the pol arizatian direction .

D d Wi o et SENGH | slpOdngaR oftatho with the

pol ari.zat.i on,.char act.eri sti f the optical .nenbe

brpEEEAling ietfisdelSg he oY fitectibh. AR HODE HLERSt v all the

S d. variabl e.phase ¢jfference nenber and the,.

o B e SRS, dbe o §EGERVEo Variable cPfiptes difference

S | fi I S wn knqFig. 13..a |ight .beam

GRS TSRS RO it Cathast i Reeni it B8 ot be

Iy I | ffere st 19 1 S.in _an

POl YRS 1OARSE ot BEAR Bk 8 idh Ane he 7

i : |

A b9 il 2L SR RASFe Sl GRS RIRTBRIAS-5),

p r . | ; ]

PRI 2R S A9 P By bR IASE at he

Cantiahle phsy 2 difbiencB" At 115 ' CGeviltd #nP" thd Ytinear
polarization state with the polarization direction along 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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FP06- 0456-00 the relative positions of the first
devi ation prism21b and the second deviation prism

21c (or the relative positions of the first devi atiFP06-0456-00

prism 22a and the second devi ation prism 22b) are
adjusted so that the variable phase difference nenber

19a functions accurately as a quarter- 5 wave pl ate.

Al so, the relative positions of the first deviation
prihenreativarpbsitiens efdhe firsti devistioprprism221b anok theheecond
rel ative positions of the first _deviation prism22a
andevintionquasm Zde(ostthe melativerpasdtivnsof thalfivgtdayiafdon prism
that the variable phase difference_ nenber 19e

f udda i gt thecsecansl ydexiation mprismwalk) Arat adjusted gol that the
Subseobently, %g vari abl e phase difference nepber 19a

i sVaa tPhaéerfil rnaensabaindla Bmatienstacsuratebuag aiquarter-
center axis sp ,as to convert _the ipcident light of .

el Vaye iRi‘%fle- po&#}b sha If‘gﬁth‘?lp@SIUl%d? @lepfgnsadﬁywlqn phsm 21b
havi the pol grization,direction alopg,the ..

Z- a9 B ﬁ%@fﬁlﬂl deviation Fisme fqrathpaﬁraglwag@tmns of the first
di fference e r 19e.is set .at a predeterpnined .

O a0 Prive Boa e i srgone eirien DESS 228 dee pdjusted so
copvert the jncident . light of [Ijne | ar.i zation

" gt e varpble e diFPRemmembeniOs AUDGEPES poditatsly as a
di raiftion ai@%ng the Z-direction. In this manner, the

oot %aYs Bt ate of incident light can be converted

oot O01 T SRS Bt el Pl PIRLE S tbfepcecmetiber Jga is set at
= B8, 5 PR, ISP PP T Bponver
nab? BRI A 0r SORATLH, PaBrRBH b IRRAFR, Bolffasd, tieht
oS on 06 TR0 2L VHERT R, e
o VERIEHARL KB RS Bl Do e il PfHe ARy anguler
88 oS5 A 48 5oy L 48 iden g o

linear polarization into linearly polarized light having the polarization

direction along the Z-direction. In this manner, the polarization state
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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FPO6- 0456-00 (the mask Mor the wafer W is locally
changed using the other variable phase difference

unit 19 according to the present enbodi nent, the ngsk06-0456-00

M and the wafer Wcan be illumnated with the
illTumnation Iight having the desired polarization
state distribution on the surface to be 5 illum nated

and it is thus feasible to suppress variation in |ine

wi Ghhsnask Mierghe veafar W) relbcallytdhangetiarsing thiepthedivagiable
upon positions in the illumnation region, and to
supbasesdiftarence anitel acearding tethé preseht eimbodiineat, the mask
width difference. [0112] It is also possible to use a
covbiant ithe wafermdVvean dise élleminated with rthe allwmimation light
of Fig. 5 with the variable phase difference unit of

Fi having, theydesired poilarzation state ndistrebution enpthes surface to be
difference unit of Fig., 10 with the varjaple phase .

di ﬂL@m@d gAdtit &3 thusgieasible to suppress asalationein line widths of
pol ari zation, state of light to illum pnate the suyface,

t othgepafteihitaaned qn fhe W, sienemding rumonypopiions in the
local Iy continyously changed while the 15 pol arj zat.i on
stHlmination FRaipn; AR i0) SHATHEES GRCBTIEAFE Masr-crljed intrafield

e e s S
B SR8, B2 T 818 et o
S eSS RS ATE R ks i s 12,
s P BRSO fing RaeBE; phase FHfielG S i afFie. 10 with
F%&%ﬂ%&%%%v@%ﬁ%ﬁeﬂp%pme,dﬁ %&gvﬁi-;g{lﬁnﬁgsg%e, the
o SRR R SRR 19 PERE AR alrtic TR e Bhbpda (the
{ B3 9 B PlRE YIE AR el Lot SR SRR TR le the
oo Rrigaioh o 18t e e MpRBRRLBh upd hihe & 16eally
continuously changed; whereby the mask M and the wafer W can 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

6ptica1 apparatus (1-17), at a position optically conjugate with the
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FP06- 0456-00 surface to be illum nated, or near the
conjugate position, except for the vicinity of the

mask blind 16. In passing, the variable phase FP06-0456-00

difference unit 19 may be arranged to be retractable
fromthe illum nation optical path or to be fixed in

the illum nation optical path. In the case of scan 5
exposure, it is preferable to arrange a nunber of

ci surfdcar tos heiilbhenpteds er dicht ¢he woajugat gositadmnexcept for the
non-scan direction and it is also preferable to

arviginty oii¢he imaskl blind 46i adheasking; thie Vasablecphasendidfesence
in a staggered array pattern (or in a zigzag pattern)

i nunibd Shomeysbearingedttoobe r¢ttactable fronh¢he hidwmination optical

descrl ption, the adjustnment was so nmade that all the
1opathgm topbe Fexed mﬁetiveallgmnatlogrommém&t hi thghcaseeof scan
vari abl e phase difference unit 19 were_ in the |inear
pofF?ﬁ?QSklé@al isas prefesabletn arrangepe mamben Q%quulaéoaamb e phase
aI the Z-diyectioon, but, w thqut havin be

NG MM erSafdpngta@ﬁn-S@an direcd1ae a@& itrigjelsorpreferable

the A&Eg%gep girenler ﬁgl'ﬁgiee affg iferBice abmbRSRA é%aggered
ol arjzatjon states. ositively finely
PRYSHELQ 112 ?%a%m BF M@ﬁ?%ﬁ@ﬁ%w
R A Syl a1 e
0385, SR LT A e Sobh il phas
“’?ﬁlﬁf‘eaﬁvlv%%ssw%@ L?a%vﬁqr‘a?ali’ Rt ﬁni%a'a??emt@%“ e ifh the
il Wb, ating fhe ZsTnERERR PuELritioh hevie to be
i LeAEH, Bty R RHRRR o e ) B, b BRCNigRL s
TGRSt %@%d%‘%?%@g RN s PR B Fer fnie 19
e 15 SR Y pBlert AU 0.2, BN HoRRAS o finely
t tEi‘iijus'sdmg, each of the variable phase difference members (19a-19e,...)

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 diversity 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

51



10

15

20

25

FP06- 0456-00 1|ight beamon the mask M or on the wafer
Was the surface to be illumnated is in a desired

state. [0116] In the above enbodi ment, the vari abl &P06-0456-00

phase difference unit 19 is located at or near the
position optically conjugate with the surface to 5 be
|IIum nated in the illum nation optical apparatus
% but this variabl e phase difference unit may be
bgh de¢am 1om themask iMyobfon the iwafes Bpasciie setfacorto be
unj his case, the shape of each variable
op%lflgﬁlnart@%é‘t%@dﬁ’é‘ﬁ%ﬁtﬁ% preferably circular,

f .the, sector ape as shq in Fig 5. Thi s
coféﬁé(j : thsnabeyse @m@mqm;e@}e Y@ﬂgglleaph@&t digference unit 19
' j on vvlthlllumnatlonll ht hawngadesw

illumn
pdsglﬂ anognea:theoposition - onfical bhcomugate wath ‘d%ace to

o TR gtk i e SRR prﬁe%é%a&%?zw (i
I |g aV| Bﬁ%e?éfﬁg'r%ﬁc% %ol arl zate}laeonﬂ% E}C§ a{ ri gg of
rOY%?%ql AR R38R S2se.cier i Feaﬁlatvanable

refera 0 control.

‘I)ligt&zﬁc LI““‘s aﬁe?il?ér)oﬁs Rrgfegah# nalpﬁgﬁdl pEhepgector
hﬁ%aaﬁ% aB SfoBAT 38, Flen {ﬁgfﬁhﬁum tnaff&q%aﬁwecon@%n%ts finear
tg‘?‘n’l B2%1i8h . {fomifig G “2’3@’[ 31@5&@% {eieaBafBig 03, fesired

BRI i, b, b M .

poi"dﬁ‘fe Ieé)%gfhgﬂ i}g&ﬁe’sge i T@l%rt?}) {Eél%F%rlf&atﬂé)? ﬁldﬂ? hl?unﬁnation |

an op

0 p&itﬁﬂlluﬁﬁhhﬁbhﬂ%ﬂ 3‘Ewin$ ﬁ%sﬁreﬂﬁﬁcﬁbﬁz%u% g{b@e Qistribution on

direction corres 0O a non-'scan dadirec

i) e SN SO U ESAIC ) 8, Mbinaion

argt swotpkiagiable Opticll T8@ktd°inité Withes W hble Phase difference
unit. In this case, it 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, if 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 81a-81f are movable in the direction (Z-direction) -
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FP06- 0456-00 corresponding to a scan direction, and
nmovenent anounts thereof are adjusted by drive units

82a-82f controlled by the controller CR and conned@Rb-0456-00

to the respective variable optical rotating nenbers

8la-81f. [0118] The action of each variable optical

rotating nenber 81 a-81 f will 5 be described wth

reference to Fig. 14 (bh). The below will describe the

vﬁ@@%ﬁﬁ@%@ﬂg dala .sgmatduﬂgtmmd BVementaamounts thereof are
esent %tlve In Fi | et us consider _a

pI Jasﬁedy ] d@ﬁ@uw&]g%ﬁﬁ g@ﬂ@OHBdngytth@ m;wtnl@er CR and

direction (Z-directign) of the variable, optic
r SR regme¢t1ve mm@bf]wtwa 1 rgtating memlzfgs &1 a-81f.

I8 1 Brac808 of o vgﬁ%kopaéif&t&'ﬁis%ﬁ e will
odrlesinal i trenes fo Hat ﬁi&? HBehele wilk describe the
© orila Giioel inootite FRemEer oHL AL o femeniativa. ofh i 14
néﬁﬁelekfﬁ%"&w@erpa ity & pagtiGns Bt 3‘%3%?&513{43'1@@ rnlovmg
o E85tioh, A2 inafiitnlictnths, & s bl el Fotating AT 81t
OHTBRE g BHOARE SRT T reertile it Bepiit h ?ﬁ@sésea#ed the
et %ﬁ%lﬁ%ﬂ%?gﬁn%?ﬁi Thaf8 pBbithte, 2ba dfsbrMAsiCBRRY 16

L Sy .Oﬁ@é.rﬁgzé AR SRR ot of

of thegmt P%}inga |o s %@? %pﬁgla#dt%@ﬁeé%eﬁb@femf are
¢ e 3?‘?&@?‘8@‘?‘3}1 *‘b s, R easCes ?‘2‘98{%91‘9 eams
rQiLﬁ&lki%g the P&ialléf oghﬁﬁl H@tﬂiﬁ%ﬁﬁite%{b&*s Ssltfa\xfxggh Eegr?zation

i ght beam arriving at a point waf er’

C ARG Bﬁﬁﬁ@&enﬂﬂféhﬂfﬁoﬁrﬁeﬂ TRethe RoRite@AUréhhd e BPtical

states of |ight
axis in accordance w1th the thickness of the variable optical rotating

member 81f in the optical-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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FP06- 0456-00 beans in the non-scan direction can be
changed by changi ng each of the Z-directional

positions of the respective variable optical rotatifFRpe-0456-00

menbers 8la-81f arranged al ong the non-scan direction.

As shown in Fig. 15, the variable optical rotating
menbers 8la-81f in the variable 5 optical rotator

unit may be provided with respective wedge opti cal

mebeans i6%5he 86fi-dcanudigeottorcbarobechahped dyi dHamging@each of the
in Fig. 15) made of an anorphous material (e.g.,

si Vidizectiaes) positiomy refttthen re§peapiviec atariabté s opticahatotating
the conbination is of a plane-parallel plate shape as

a memobers 8e-8 bfi 20hnged aldatg itse aodrspanndjreatienat AsalHown in
showi ng a configuration of a_variable optical ]

r of @.o?ip&ms@aisablfet epticali rotatingrmientpers & atB1 f th the variable
modi fi cati on exanple. The third nodification example

i sopliealngefataro untomayolbe mprovidedowvith trgspdctivg ewer&j optical
i ght by neans_of variabl e phase shifters while,

c omeibers fpar$f (rsneng yahichrondyr & isdHustratedriaakigy 15) made
pol arized 15 Iight (the orientation of the major-axis |

di ebén; amospheny matesal ((9-gosHIcaz glass) fgncprisptionant optical
of variable optical rotators. Wth reference to a side

vi BiSi 0 Ahat tﬁ% qoapbingtiogp is/iafna | plapeparaldel plateashape as a
bottomviewin Fig. 16 (c), each of optical rotators

(v | e polarization rotators) 51-55 is made of

ro tal _so that the cgrystall.ographic axis thereof

i sﬁ)ﬁ@éﬁe‘a- 26 Wi HW‘W@&)E&?%’A?U%JBE shoving Agipniiggation of a
each.qaf, phase shiffers 61-66 js, nade. of rock crystal .
S Vaigllel Pt Ea] oralatotp A QSAI (UF oBFeOiing | Rk third

oS aRART R HodBchin bR, 8 deanged t
ST B By YL g T sal el phaso
S TG R L
WEPh{tFA it 0 8 the fnajor-axis direction of elliptically polarized
light) by means of variable optical rotators. With reference 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 the‘ 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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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 ograpfR06-0456-00

axes of the phase shifters 61-65 is perpendicular to

the direction of the «crystallographic axis of the

phase shifter 66. The optical rotators 52 5 55 are

arranged to he radially npvable relative to the . L

opPPiacal-a:ds stisction.  di erdsTiassancet thereptisel retatingi action in
65 . are arranged_. to be

?Q&etanﬁf%ﬁg t@@gﬁig ﬁ%%é?he? éi-l'@@tlﬁh of the seysinilegraphsa ages of the
opbrER Tiflator 6158 565 aperprehienapl o 4k asEaption et the
ety 3l R ot oo 2
Sk st il
00 Pl O RO G i Gy et
crageraiaty B BiIp bR Rub s HEE §on e e Ut the
?B‘ﬁé“-ﬁ%l A8 < B nlCiopRriod oo, ArEACTRelals 2253 5p preferably
¢ R AP o PEARA0RE the s\Olie FENT oPRE3dRE Y of the
oM SRERATaRCURS, ARG (B plfaRh 3l B8k, GBS AR sR8ferably
ofrengtd s b anovah R U RLASBENSE she e ey 61 of the
oyl e O P e phase shi'fters 61,

ogPIES] T BCHLH Lhe ANARARIC RGN AR 4 Opyical fortor
. pand the |

ouEsBaIR 8. oAl DSGRLRR RGP R, 19ty haneed

6%006@111%% ithe iradidlUsodiiahk bb e the dﬁgﬁ%ﬂ’%ﬁ%&é ¥%52-55.  The

adj ust the polarization states of t first to fourth

O

| ithfgkneeaih theSoptical-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, ie,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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FP06- 0456-00 (pol arization directions and
ellipticities). [0123] In order to effectively adjust

(correct) the phase shift amounts, it is desirabl eFpgg-0456-00

| ocate the variable optical rotator unit (51-55) on
the entrance side of the variable phase shift unit
(61-66) as in the present 5 nodification exanple. Wen
the variable optical rotator unit (51-55) is l|located
on(ptdlerieaiion siictetiohs tane ellptiedtles).phase shift unit

(61- 6%, the crystall ographic axes of the phase
sh[012%]sIn nrddréoﬁecébjegy pdamst (stiréet) dthe tphagsd shifb pnoamts, it
be parall el or perpendicular to the polarization

di isedesioablef to locdtdete Varablet optical pbtase shitf (£1-55) on the
51-55 and in this situation the 10 incident light is
noéntzaigesidet of the vianiabée phase shift iumit (6 h-66)ias atee present
it is _preferable to provide a phase shifter-rotatin
nedleshfication examplei ngvhae thervariable eptigehirotater singf 85 1-55)
t he f)hase shifters 51-55 in the, variabl e phase  shift

unist locgtedson the et sidg of £he variable iphase shificunit {p4-66), the
perpendjcular.to the optical axis, or to arrange the .
ph%@’étai SrERnic aesLl the phase éblé@réamtbe ygnﬂblmpgwe?hlﬁ unit
phase ifters hayjng the crystall ographic axes al.ong,
ot@rSgﬂ crBce pRealler v mrpgmé@mgawtt%ﬂlet prlayizatign direction of
optical ratator unit and the varjable phase shifter,
arineident; fight tge e, phaser akiern 1%’5 & sthde sifuation the
l'ight as ,described above is also effegctive to_ . . .
2SI dights natouibietoior B pla@@sr%a@@cam-en%mﬁ@ﬁs% it is
as ||l ,as,the prese nodi.f.i catian 20 exanpl e. .
ForsTrabll 1o pEoTIdE P bt SHReF Setalie BRsBATSR forsrotating the
unj t -55:,.61- 66 n _be lo ed . hear the
Cnstatioetanhic axe of fhohGse SRRGS: STsY b T siafiéble phase
I gt -Of variable optigal rotatgr upnit 12 shown
g (s L RLag Bl ffalohit Ris lide AfmeRditar o
S ' 1.Q:. 1 | i nfi tion, for
Bl s, e Brepef 2 g BI85 s 1 eplaceable
0 S . . Ui

< (e)\(k:@lﬁl dgt‘;ﬁ)%?l;ﬁ%hs? hﬂ'@’@lefg] hg{fﬁig file %@Sﬁﬁgg%%h‘}@ RiXe§ dalgﬁg %ther

directions. The arrangement 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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FPO6- 0456-00 source formed on the pupil plane of the
illumnation optical apparatus. Fig. 17 (b) shows a

positional relation of Iight beans form ng the nul tFP06-0456-00

pol e secondary |ight source 35a-35d, at a position
where they are emtted fromthe phase shifters 62-65
in the variable phase shifter unit 5 (61-65). In this
exanpl e Qf Fi each of C|rcunferent|al spaces
belSWé’é‘-‘ﬁ g@@?@ﬁﬂﬁ the pupdl plasnakithe lilgmination ogtlsalaaﬁmrams
s than 10.as an azi nut hal angle around t he
Fn IJ/ Zﬁ) §h0Wﬁ iasposiioralirelatien of ilight besmssforaming tlge multi-
source_35a-35d from overla

the econdar, pin
t heolorgepad %@tdﬁwgéd aré’éél, sﬁa B @P§1t(Q§btW e they are
SuFRigEd fso%ﬁth%hﬁhé‘s%m%&%? 505 Tithe Girble %ﬁa@%tsh@fg@r unit
onE R ne R Eim cgmiey aﬁ‘i?éé"l?e z SeEh b CEREpERmtR) waces
ph@%@%&é&%@”ﬁ o @1'4%%393 B Hahboufedrase it Aot 1o than
LI TG S e L
e s B gty S o
e G i A oot
Lﬁ’i;%é BN P 3 p0LEE O TP e
R zaa{t. A opiEd A ﬁﬁﬁg/n?ﬁfe’ Puffapé 1§ bt fibigpged. or on
Iﬁe %’ﬁ%’s‘@ s ?HJ‘%? %@ﬁ%@ ?@%dﬁ“@ﬁﬁéﬁ%@%‘“ﬁ%% fifference

h,gliu 0{§ 52- 55|s 1 nm where the wedge
opt 25rotators is 7.2 theradlal

Zg%&gr]??ﬁgéﬁgg%gé%ng Il?{b %’agg% shitt erul%I§ ghefein the
0. gticdl rotation amounts and phase sh1ft amounts for the light beams
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
pum 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 requjréd for the phase shifters 62-65 is
100 um where the wedge angle of the phase shifters is 0.35°.
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FPO6- 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 a FP06-0456-00

fourth nodification exanple. In the present

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

pol arization 5 rotator) pair 58 is |located on the

- fr phi26di Big. (18 gha dvawine sehetmptioally showing ke bbnfigurtion and

and a second aspherical optical rotator (a second
asptieon cofl appaiar of aspbericalt aptic] patatoso acsoidimgtted aofourth
the rear side (mask side) of the mask blind 16. The
f i psxdificption iexamplet i dalthe gresent mpadificgdionhexample, as shown
conmbi nation of an optical rotator 58a_having a concave
YZircFig <l 81 @ faust aspherical woptival optaterafa fsst esplenieal tpmlarization
58b having.a convex surface conplementary to the,
cofdatas) Nair a8eisolocated et theafrondt sider(ligbé, somies wide) of the
seconﬁgf_pgeri cal dc;pti cal rotator _pair 59 has a
comgskablipd 4P, andp issapndr asphasica oaptiesh wgtator djav sgcond
.wWith an_optic Xis _corrector 59b

Ii%ﬁ%&%?% %%i%r@%it% fotator) éﬁl@ﬁf@ﬁa}erﬂ on;the rearvide (mask
A2 b S BT TR 567 Sl oor i 5
S BN A5 BT IR Y2 cross
PcSRHRIR BSoRRRSHR) cORGLERTSH bl o surtuce
PRl ko D5 EoBune S PHRLDr 1o etTyBrardE 558 dnd the
CoRRAER AP bRt EEP S e S AR b opical
R S6F e cHBTb L S RO iRt S TR i
SSEREERDE SO B URELGE SRR OOtk 55, B Bonver
SO P 5l 0L PSR! L] i SRR ot

disdif 5RUdPEe¥ndPasphrical optical rotator 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 axﬁount 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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FP06- 0456- 00 quadric convex pattern that the optical
rotati on amount is maxi num at the center of the

ef fective region along the Y-direction and that theFP06-0456-00

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 nodificatjon exangl , the apparatus is so
P

e - -
seflupfie coavexmasiesn dbabthewepticalneotaaan ramowpt iscalaximum at
rotation amoynt in_the periphery of the effective
r el KeRlcE @ﬁéhf?n' qelivicopegion alopgathe-dinestion ard tthet the
center in the first aspherical_ optical rotataqr pair 58 |
i sORHER) rotaion amownt froReToRIG easqs towsarehthe periphery in
optical, rotat.ion anoynt, at, the center of {he
ef fERATAFRCG MGy R &H&Hifﬂkc ﬁl@ﬁuﬁmog’gilﬁmcer pH1 ithe center, for
anpunt 1i n the periphery in the second aspheri cal
opt*¥HP& ot ator pair 59. Namely, the first aspherical

AR P sl SR Bt e eSS s
RS P L8 S Bolhl i
s UG B RSP rotain
T e e -
Y A e
crr 8 of BieEBbo ek feglo BAE S Riiimp BoHERE RYBsign amount
di; ' ] i

ot parphYs©in 1% SEEORA, ASHCAC0pHEk FBiator pair 59.
theagfly, #Rd filke ABHErh] "tgyﬁlcﬁcﬂ f}ggﬁﬁﬁggﬁﬁixu%f H&%‘Q’%lé? optical

attentlo’ntoaray arriving at a pol nt

e bAoA Bpn i, pAte D Ml R s8ond

f iafsphe%gélf %ﬁc&l%&@to&*'ﬂa‘ﬁ@Q%e&dﬂhe Spti iAtion 'WstBlouBion of

poi nt
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.
[0125] 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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FPO6- 0456-00 a predeterm ned distance apart in the +Y
direction fromthe center point Pl, and a ray arriving

at a point P3 the sane distance apart in the -Y FP06-0456-00

direction fromthe center point P 1. [0130] Let us

consi der a case where only the first aspheri cal

optical 5 rotator pair 58 having the optical rotation

di stribution of the quadric concave pattern is

i nt predeterinined #istanckBapdrhime thegt-dpdaection Hedmethe dehéer point
first aspherical optical rotator pair 58 and the mask

bl Phgand a ey esdwing dt st poimbtR3otse shmendistmdeuapart in the -Y
optical rotation anmounts of respective |ight beans
abdirectivie frpon the cPater p@intB]. traveling in the opti cal

path between 10 the first aspherical optical rotator
pal(H 3 ket usheonsadér Bl ¢ase m&ermmlytthﬁeﬁrgr@.ﬂimn(ca} optical
bet ween the mask blindl6 and the second aspheri cal )
opfatatar pair 2»haying the optinad siotation slistribhmtioonefghe quadric
i n-aperture optical rotation amunts of respective :
| | epncaysaitesn s intereosssh. nila Fig. 182 threg graphs (A)ibe§ween the
the opti &al, pat h between the mask glggnd aélg, he ?gcond '
15t psphedspl epticehrotatarpair S$apnrd dbe g bﬁmd represent
Furt hernmopre, three graphs (C) between the second ) .
asHistibuiens ghdnaneruse aniicah zptation ameunts of kegperfive light

opti cal stem 17, (or. b n._ the inaging optical
OPheeEns eBVshEha AGingy Blobbs B3, GRRLRE 18abedathal Path between
represent dist.ribputi.ons of in-apeLtur tica .
' ol TSR askbirical 9pusal reebupReo Ak e askaBling 16, and
th oints P 2, P3 ravel,i i,n. the ptical ,pat .
pelvEe s UL BResh the P Bipici Shg BRurceond Sherical
and ..t he_i I ng.oRdd cal. system 17 (or between the .
R ?@Pﬁﬁfﬁag%ﬁ?e PEE3eg aﬂ%ﬁ%utéwase ol opicl
sysi.en a wree araphs et wee e.i n
o RHAToE alno Bl o1 Ye§Pe e it BhamSAal hbyipiTE} P2, B3,
a | ecl:1L.on_0oRt i P t
SUPRLIEne in R BT afl, bEfivedy thEdpi Jfffa '44R the second
g;%@bﬁ%l 8ﬂﬁc§’lfroit&b?%‘§§115§.e optical rotation anmounts
[0131] Furthermore, three graphs (C) 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)
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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FP06- 0456- 00 respective |ight beans about the points
P1, P2, P3, traveling in the optical path between the

i magi ng optical system 17 (or the inmaging optical FP06-0456-00

system 17 and the projection optical system PL) and

the surface to be illumnated (M W. In these graphs
(A)-(D), the vertical axis 5 represents the opti cal
rotation anmounts and the horizontal axis the

nurespectave dpgitt beams Ndboijtotig2 pointsi Bl s@2y P3otmavbbng in the
graphs (A) that between the first aspherical optical

r oopiical pallr betveenl thedmegig bdptichl 16ysteme 17 n{aptre mmaging
optical rotation distribution about the center point

P apiiealsystemalkapdithe projectionigptical systenu By amcgﬂimmrface
di stribution about the point P2 is an inclined . .
pata berillumainated €M,nWoperlnuthese qgraphs rA)-ED),i the: vemical axis
about the point P3 is an inclined pattern_inclined in

t heepsessaLs tibei ppticahrptation aseeus trdithe heeizontal axis the
pattern of the point P2. It is also seen fromthe

gr RHRETIC aperheresiN A passage through the mask blind

- ol R sephiios e, Bohs ) e Betyssmihepkisisaspherical
b TR 55 e i RSB B
850 R SRR U S S, o
R P
SR OBt B SRR B R e
Srotnn BRI B B8, offosiieibfhafSel greadsi Yy s dpetined
oot R Gt Bpl B2 K BRHL SRR oot i FBPAT YD gt atter
b O Rt P BT RABARGBAAL 0 S in
Paaﬁe?tdr@%'teﬁﬁﬂl Bk BLA5n Yol B0 2BsRE p‘i.’ﬁﬂ{ P¢ i8stil%4 concave

pattern, and the in-aperture rotation distribution about the point 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
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FPO6- 0456-00 inclination. [0134] In other words, the
cooperation of the first aspherical optical rotator

pair 58 and the second aspherical optical rotator pBEP06-0456-00

59 changes the optical rotation distribution about
the point P2 (and points having 5 the sane
Y-coordinate as P2) to the linear inclination pattern
and .changes the optical rotation distribution about

t h&Y#HAOIP3 (and points having the sane Y-coordinate

i £5f5)?1‘£i f%w Pil”' ié’{él@elia nitgé :&iégl%{eéa@t?@? ?&fagégfwguigjsgl?ericg? optical
KO AR e L 5 e
Pt Ritis8 Ao dRHaDRHan et e qonial ok tangs ppiyts having
I A T
iR B RS LS didfipidredourine Bk A3 (and points
o M el S0 1 8P %hon pater
Cﬁ%“a@@%ﬁ@éfi@ﬁé%;fg%ﬁeﬁrﬁ@%ﬁ'&ﬁﬂ?ﬁg o g}%&%ﬁ%ﬁjm pattern
i o0 ghEint P2 R SRR SN g indlink o8 FifHid Shapge in
of (6 QPRLAL pALHEGRUIbEE ol the, SABE BT PR foints
SRR S Gl Ut BRLECOR et of
g A MRlindfioh dithe GARAFLofBon B AL Ml 18 rgjnts P2

ar gn$ 8B WA 'd%h@ﬁgoﬁrtﬂ@dibﬁnﬁeﬁf @Jletgkﬂ%%%z @{gfﬂg{gbint P3

the degree’of linear inclination a

Opﬁfbﬁg&héqt’_ﬁiﬂe@ﬂoﬁfﬁ%%éiééﬂtémiﬁg)?llt each point al so

i ncreases therewith. It Iis a er of course that

g g@i 195 nggRﬂy,' t@adedrae! bPAMQR AYMRITRN GdjKtnddi® for the
optical rotation distribution at a certain point increases with distance
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
(hereinafter 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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FPO6- 0456-00 rotation distribution about each point
al so increases as the degree of change in the optical

rotation distributions of the first aspherical optiEphg-0456-00

rotator pair 58 and the second aspherical optical
rotator pair 59 is set larger. 5 [0136] Since the
present nodification exanple has the configuration
wherein the first aspherical optical rotator pair 58
anrbtatien s@istritsiticrs pheut @akchopoint alse dheteasepaisrthe9degree of
have the conplementary optical rotation distributions
anchartger i thet bptiéalretatiep déstiibationptofithe first asplrerjzal optical
58 and the second aspherical optical rotator pair 59
arwotser pajnis® andrthe lgcbndrasphericak lophicehdothéoropairod is set
S|des thereof, as described above, the position and

gt t he partl al region about each point on the
surface to be illumnated, in the first aspherical
oplQ134] Sivcat e pmmnsmadﬁicﬂtmﬁxmmlnalhasothm confignration
t he_second aspheri cal optical rotator pair 59. As a
re‘é’bﬁfemt the dpst aspherical iopiical stotatent pain SBoand ethen second

poi n he surface to 15 be il]luninated is adjusted

orASP -optieali retatnrs |p§11by59:dw@ dheogowiplemgataryr optical
aspherl C tical raqta pajr 58 and the, second
3@18 ytioaaandgy ersin ;ﬂae ﬁrslgasm@ncah epticakraiator pair
gg |ve cha gelnthﬁotl rotation
iheotecoRd; awphstical optica s@tawn pmrn‘iﬂ ae spbegyidistant

LB%%EFt 315skob RSO S Sees Sheiechs a5 Geariibe %@bpve the
e R %éi& 488 Phgfalceick abof e%céﬁ%‘é‘hﬁiq fhe suitace to
B 8 P RSl R B 58 o o
st 08 ﬁm%a% i ety ?&?ﬁ@%n%aipmw Fill 59 Asa
- deaty ﬁ%%étl%@ <BBfichT s 3fIORBoEE PAGH hB TSPl firface to
Str}gtfglglﬂg]ﬁ% Igdz{cﬁéé‘ﬂeagoﬁ% ﬁgﬁ{tzw %oﬁﬂl géél& %ty' Sgoperatmn of

the first aspherlcal optical rotator pair 58 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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FPO6- 0456-00 beans arriving at respective points on
the surface to be illumnated (M W. As a result, the

exposure apparatus of the present nodification FP06-0456-00

exanple is able to adjust the polarization state
di stribution at each point on the surface to be
ilTumnated, to a desired distribution, while 5
mai ntai ning the optical rotation distribution al nost
unbtams arrivime at seapeatiee tpoibis on thebodhes t¢ be Wiminated (M,
therefore, the mcroscopic pattern of the mask M can
be VA cuAst @Irgsult athef expesuirehappayhtust of ke enebent modification
exposure region and in a desired line width onto the
watsample j0dl3g]tol adjustethepaiaridetion ispate ahistribugioni atseach point
aspherical optical rotator pair 10 58 and the second
asphethe furtaeei dal beotllumingsedsy t6oaadesised distiibirionntwhile
fromthe mask blind 16 onboth sides thereof; however,
t hmadnipeniags dhe optical nratation odisgdbwgor nalooste pnifosm on the
al so achi eyed_when they are set equidistant on both
si sadaey tfa\ﬁ@dﬂxhuugﬁﬁaeqo MhWoptheraforg, Himmigeassonie pattern of
the wafey Was .a final surface to be illum nated,

a8 Mﬁamhf‘eﬁcqwraﬁx @wge@@d thrgughput the efirepeeposure
si des of the sk for exanple. In the__above
de’éecgfl?]ﬁlaﬂgr’r?q ek lige X‘élaﬁépp%theo‘ﬁﬁf@aw rotator pair

U e oot desstinin, e iy csnenaapaERFaLrotator pair
o 38 i SRS B Fiphdieal cpticah sateto beisy 50 ey eavidistant
o BT e SesRobic 1 Bonpt ol Sl BRI e e S effect
A A B
1 SRR, 55 R o LB lgh B SRR A it
2o e, K04l S O OSSR ARy S ey
?ﬁ%%e%éicﬁiuiﬁﬁﬂr&%n PR PP B the MAUEMOFR L2&9p. In the
above description, the first aspherical optical rotator pair 58 has 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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FP06- 0456-00 optical rotators of rock crystal whose
crystall ographic axis is positioned in parallel wth

the optical axis, in order to provide the optical Fp06-0456-00

rotation distributions of the predeterm ned patterns;
however, instead thereof, a first aspherical phase
shifter pair and a second aspherical phase shifter 5

pair may al so be used, for exanple, by conmbining a
pheptcahiotaters of roclockystalyshake whystglio it heiy Btusitioned
axis is positioned perpendicularly to the optical '
axirs panalleh veith dhe iopticabakis, dnrordet 6o providehthe eptieal rotation
for ~exanple, the first aspherical phase shifter pair
hadis&rioumdnnef ithe prédetermiesk patiefiise howevere mstead théteof, a
cross section with an optical-axis 10 corrector havin

a fGwmtasphericalapkaseosipifterepein andt o setund esplanical sphdsacshifter
of the phase shifter, and the second aspherical phase
shpdit gnapaaleo -be ured, forcexarnple,i by coimbingthgse phhsd shifter of
of a convex YZ cross section wi th an optical-axis_
cotackcarystahavhorg erystallographigrads és positioned mexpgndisularly to
th convex syrface of the _phase shifter. These first
asfglﬁeppélﬁﬂ Fds.e Veith f ey opticalmaxis eewesiorondn this case, for
aspherical phase shifter, pair are constructed in.a .
corfamgpieathe Altghaspheriealcphasecshibiss pafir hag apambination of a
shifter djffer according to positions of ,incidence .
ofPhase § tﬁﬁr afh COPEAVED| Y SpEERSS sartion with ran @ptical-axis
aspheri cal Eghase shifter paifr, as shown in Fig._ 19
(c‘-)po,rr‘i’ﬁlg? hayrng, AmpPBYER | gRIaCcH he@dep ¢ntagyoithithe concave

di stgibutigon of a ,2 uadri,c concave pattern. that, the .
oA F 8 s st Bl i il SooPRAsrDaricn] Bhasmshifttr pair

ef.f ecti ve ,r.egj.on ong the Y-direction a t hat the, .
CHECh CORiiRiGR o Rate Shifiel 455 bhaveRang o5 sections with

acco uadrati c functi on of

25 AR BRRSERER Lo S B S PRGR o
SRS S IBRE ALY PP B SIRRAR g
30 4]0 o AL, BB B W Bt i o

configuration wherein the thickness of the phase shifter differs

according to positions of incidence of the light beam.
[0140] Specifically, the first aspherical phase shifter pair, as shown in
Fig. 19 (c), has, for example, such a phase shift amount distribution ofa
“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 peﬁphery 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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FPO6- 0456-00 center of the effective region along the
Y-direction and that the phase shift anount

nmonot oni cal |y decreases toward the periphery in FP06-0456-00

accordance with a quadratic function of distance from

the center. Each of phase shift amount distributions
about respective points on the 5 surface to be

illum nated can be independently adjusted by these

fi cefiter afpther éfattivd asgionhilbher theakrdigeetidhendepandhe phase
aspherical phase shifter pair. In other words,

i nskeifier antomnpolmohsinicallpt deeteasés | tgwardeds periphery in
arriving at respective points on the surface to be

i | hecordaheel with a\§uadeatib &indtivdepf diktmdey fradi tis eehtey,  Each
the first aspherical phase shifter pair and the 10
seobrphasepkbrft cahophhsHstitivticars phout nespective gmints on the
possible to use a  conbination of - the aspherical
phsigdacsh itd ther ilbarnimated tdant be indéperatantly adputed by these first
aspherical optical rotator pairs. [0141] In_ the above
desspliguicab phasé shifiar painamphthe sedonsbaspheiricadphase shifter pair.
(phase shifter) pair 58 and_the second aspheri cal L
opln etherrwordspin{apesiee potarizatiaresiatespf light beemstareiving at
optical ,rotatjon (phase shift) distributions of the
quEsspPretiyat peings omdhevsurface taobe Hhummpted @d, W) can be
limted to this, a variety_ of npdification exanples

caidspendentbynadiesied by the firé gsphedeakpbase shiftes paicand the

rotati on (phase shift) di.stribytions given to th
-fi$f‘é3tonésﬁﬁba¢ré%1 phasé 093111§t¢6tm15r Jbﬁasalsghpps@bfe gai pse a
58 and.the secand _aspherjcal .optjcal 20,rotator (phage
‘ "sh?(?mgil}at&lr (%S &‘fipe@ﬁp %le, PRJPC eXaiibtle, PALLS| -szal the

al s ossi ble to, contenplate a nodification exanple
V\h@i%é?lglep ng @Phegg%lffgﬁi@ilm%‘t’f B85t ot at or (phase

el 10 1eE o £BovE Oy B Frdk abhsriclngphical rotator

S, A BLEL B S0 1 U SRR BBl Fior o
o el SR AN G RSB R i fges of s
t h&u&cﬁ’ﬂ% Sﬁtt&tnsg ﬂ%we@%r, without having to be limited to this, a variety
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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FPO6- 0456-00 effective region along the Y-direction.
[0142] In this fifth nodification exanple, the second

aspherical optical rotator (phase shifter) pair 59%P06-0456-00
as shown in Fig. 20 (b) or (d), has such an optical

rotati on (phase shift) distribution of a quartic

W shaped pattern 5 that the optical rotation anount

(phase shift amunt) decreases once fromthe center
angffetive reglonzalesg thedrdire¢ttomer i phery in accordance

with a quartic_function of distance fromthe center of

t hED 4Z]eln this fiftl ghodifwation exempleyithesecand aspharidal optical
case, the optical rotation (phase, shift) distribution

of rqtatori(phgse ) paial 5% @Sisgvawn n Etg)rZ& {hawe(d), has such an
shifter) 10 pair 58 is, set. to be corfrpl ement a%fsto t he
opfPUeal retion dphagmabidt)sdistribution oifra guartsn Wishaped pattern
second_ aspherical qptical rot ailor (phase shifter)

- pﬁw thegopiipalhretalion smonnt {phasg shift tamsonnt)edestggses once

o 6 G ot e B, oo
STRGbLS SR SRELGR e o6 S S
i o LS S Hn e
| R b, & b Hrsh aSpbekiseb ortival Toiior (plse shifier)
B HEL 581 B BBl LA 5y S o, i
(R of YR el BHERERT RRS! RblrnbiaSt Fhiffe) pair
172 VU B el g b o R oAb e R ic S srample.
P EREC 28 RSP RN oT el OBl FAPotb Ry ToBas POGRD) pair 58
o S AP sqp R icAPbp el Rt JpaRe SR palr 39 baye the
;g& pé’il;%&g@ﬁv ggplﬁgt‘s{i/ ts%?ﬁ) é@éﬁitﬁﬁicﬁls%k thE" hktic! f4erns, the

inclination adjustment effect achieved is not the linear 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 shifiers) are of a cylindrical lens shape, and a variety of

67



10

15

- 20

25

FPO6- 0456- 00 nodification exanples can be
contenplated as to the variation direction of the

one-directional optical rotation (phase shift) FP06-0456-00

distributions. It is also possible to provide the

first aspherical optical rotator (phase shifter) pair

58 and the second aspherical optical rotator (phase
shifter) pair 59 5 with two-dinensional optica

r otendifinatiph zxemyties can diestoritemplated  asoetheopriatin direction
rotation (phase shift) distributions given to the

f i pE the opkedirectionad myitical rotatior (pligseashd 3 istriniticmsi r It is
58 and to, _the second aspherical  optical rotator ]

( phlsedassitile éo provide the firshaspharidsd opéicahmtatardphdse ghifter)
to other appropriate functions. An exanple is, for .
exBis| X and tﬁ@ﬁﬁﬁ@nd lsepherieqh optacal otator {phagshshidter) pair 59
shift) distributions of the first aspherical optica

r oWAHbFWP Smﬁt@tycaé dotatsm (phare shi&) dissthutions. The

" SPBCaloRtat bR (Phase Seatp i HBRTans EiwpRiemie frss sspherical
PRSP, Shehad 88 U el i
o 5B (B35 SRAERS i 35" o R ing 1o
e OIPEE PRI TGHOREHRRE ho M1 FSRTRE e DE SKapiRl o define the
B B I
b CHFSE18) B SRS R vt
=S Snfh) Bl 54 By s AR ol il whereby
o6t SRR RGBT hpIBEEh i on
St LB IR RRled e Yo, HARSRAL B8 BbEbY Gt hsis in
AhccBPdARle ikl var g.mterial witha form
irefringent pattern: In the foregoing

@1 U IhtRRneNATPHR oG JinE 50 fieeén &8mple 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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- di epti¢aduotasor (phasel shafier)gpair 68 is peovided

FPO6- 0456-00 distribution of the first aspherical
optical rotator (phase shifter) pair 58 is set to be

conpl ementary to the optical rotation (phase shift)rps-0456-00

di stribution of the second aspherical optical rotator

(phase shifter) pair 59; however, w thout having to

be limted to this, it is also possible to 5

contenplate a nodification exanple wherein the second

asghatibetion ofithe daist Eopladrical (aptase rohitht ¢phaseashified) pair 58

provided with an optical rotation (phase shift)

di gt rsebuto die sedmphRithe th fiher epitickl orothtien opphasel shift)

rotation (phase shift) distribution conplenentary to

t heistributiert ofthatseoond pisphericahoptitaldicthtorhiphiase shifier) pair

the first aspherical optical rotator (phase shifter)

1059ahowe8er, Iwithbishavitigf toc beilamited aopthés, it he also possible to

pol ari zation state distribution on the surface to be

i | contemgtlatd s naatjificationackamplegwherzint the. second aspherical

difference between the optical rotati ondg{)hase shift)
thrast epfical rotation

(phase shift) distributjion of the first aspherical .

optphaae shiftadistrilpypihers substantielly differergdromnthe: optical rotation

optical 15 rotation (phase shift) distribution of the

sdphage shiftk disteibutipni cemplamentory tophaseptiealf tasation (phase

pair. :59, whereby each of polarization state .

di shift) listrdnggion efthe Arsérasphericahgptcal setaton(pleass) shifter)

at respective pqints on the surface to be illum nated

cadPBibe I8+ mostn uHis omedification: cexamplee Ma¢ npalatzajiamestate

pol.arization state distributjon, al npst constant on.the
,sﬁlﬁm@tﬁm ga the surfacgtphs diﬂmWﬂ}s astad pgcorging to the.

pobifirsaes oReteRT Pstantisl | SPLAIY HPay 1 ARLY. ligiibution
( FBISER A 15 fuer Smtodl Pl Jekiaw ShiL) Aotfibifion of the
St Fisph8rige( phahFFialo kofiines Fias) Tt g o1 fik optical

the

Sl R SR o

69(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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FP06- 0456- 00 can be adjusted according to the
di fference between the di stance between the nask

~blind 16 and the first aspherical optical rotator FP06-0456-00

(phase shifter) pair 58 and the di stance between the
mask blind 7 and the second aspherical optical

rotator (phase shifter) pair 59, whereby each 5 of

di stributions of polarization states in the aperture

(aceyl ebedi adjustedt nocsndingt to ehpedifisrenpei beswvesn tthe distance
surface to be illum nated can be alnost. uniformy
adpetsteed thbirhaskblintal éang thé éirpodsphieriatl optisalatatator (phase
distribution alnpbst constant on the surface to be

i | shifterjapeit. 5804dd |thendistencabbetwekss ¢he pmask, blild pand the
of aspherical optical rotator 10 éﬁil%ase shi fter?El
pasacondsaphssicah opticsk votatora(phese eor paiy 3¥Yjwhereby each
each of distributions of polarization states in the '
apef digtrébytions of pokarizationi statey inthe aperurs (angle disiributions)
on the surface to be illum nated whil e al nost

urdtf tgspegtive peiatniong tie suefaget tndet Hdupanatedzean de almost
state distribution_on the surface tqo be illum nated, .
Hoslem v adimsted whilengaiztabung; thetralanigation istatg diskbution
effect of the present jnventiaon can also be generally

acmast gongiankenribe surfgse dabgsllungnateshs consi sting of

BT R on B S Ehopdin o
oS shitiorh panm SRy SO} bq G5 Bualmrg nterapeing each of
RSl 0 T oS By
it S P e S, o

ST STBOAAL o B L o on

Bl oBE ARG, MRS PR IASAY B pe limite

i e BREGEH CAIREER o ey s
by means of an adjusting means consisting of a plurality of aspherical
optical rotators or aspheﬁcal 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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FPO6- 0456-00 nodification exanple of Fig. 21, the
first aspherical optical rotator (phase shifter) 71a

and the second aspherical optical rotator (phase Fpg6-0456-00

shifter) 71b are arranged in order fromthe |ight

source side in the optical path of the condenser

optical system 15 between the mcro fly's 5 eye lens

13 and the nask blind 16, and the third aspheri cal
ophiciiificatioh aé)@[mglé" f eFﬁ%] i 21 .ethe st | ssphiefieab @ptical rotator
the optical path between the condenser optical system
15(pshuget Kleifrory K7 [0l iand fife sbO3HP]asphetithb optival @sator (phase
shown in Fig. 22, regions where an on-axi$S |ight beam
(ashifgh) Mdanrararratiged a crdet rfrems ¢lod ilightbsdweensideein the
mask blind 10 16 and the optical axis AX) passes

t hoptighl path oftrecondenses ppticalsystent 1§ detwetatthe snicro fly's
(phase shifters) 7la-71lc, I1.e., on-axis parti al

r egyorens Nlaand7 e makke blimde 18] fahdr thet third ngsphieeical optical
aspherical optical rotators (phase shifters) 7la-71c.

Si rotatorl (phase gihofier)whke és alispadsedain thd oghical pethmbétveen the
light beamarriving at a point on the mask blind 16

di eondanser optitsl systemplts end thaimaskodlimhdbes t hrough

the respective aspherical optical rotators (phase

shiGk4&skn thiacase, as shown énfBigx22, pegiohaiwhergizsnen-axis light

71ab, 71hb, 71cb are ,also different, anpng the .
asherni (alighpbeaml arsringmtsan (nfessestioni betavegn theampsk, blind
[0150] In this, sixth nodification example, while the .
pol @ranghthe wpéical axivd\Y) nasse thwvghn theeespactiveeagnberical

be iI_Iajrri nated is almyst, unifornmy .adjusted, each of .
poPRii¢alaretators: (thasa; Shiftesy) das/lica ke Qipaxisupartil regions .
respective pqints on_ the surface to be illpumnated_can

be/ Harpd{ba, iLearareyddigreat emong tgtﬁo@mheyl 1Rt ydators

opt i.cal

oryeal JOREL P, (Bpse ALY, hstributlons O AN o

STRLE SN e L S 9P SRR i Pt o

;i ieOBStiEzﬁ Lo ﬁf%%gé%etﬁr%%gﬁr J;h%alres(ﬂ%tcjti%%l asrp%te%itc%{ Soptical
rotators (phase shifters) 71a-71c, i.e., off-axis partial regions 71ab,
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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FP06- 0456- 00 (phase shifters) 7l1la-71c, and so on.
Furthernore, the effect of the present invention can

be generally achieved by properly setting the optip@Ee-0456-00

rotati on (phase shift) distributions of the respective
aspherical optical rotators (phase shifters), the
positions and sizes of the on-axis 5 partial regions
and the off-axis partial regions in the respective

asqteit celifiend)i Toh-7et aindr so (ohas Fusthickiers) theteffect of the
using the adjusting nmeans consisting of a plurality

of presphte rihv@hti@’ptda@laber%emraﬂy acthiesed spiropesly setting the
havi ng predeterm ned optical rotation (phase shift)

di spticdlutdtationi (phake shifthdigiributiahsrof thd oespeotizseaspherical
shift) varies according 10 to positions of incidence.
[ OdptidalNmtatoret(phbee shiffdrg)rthti posifionsnankesizeg tf the on-axis
source 1 to the projection optical systemPL be an i

i | pantiabarégionspand atheppiifraxtiss phrtial regiomsnani the ttespective
wafer Was a surface to be illumnnated, and let us
deasphicbieah roptitjal stotetors nigthase  Shiftess)j, watei, ngsingi the adjusting
illum nation optical 15 apparatus (1-PL). In _the

prmsans eonsisting f, a fpluralitypof casphesical mptinal protaters f(phase
the adjustnment nmethod, it is_assuned that a plurality |
ofshiftevs) ohawing) predetermiaed opepiteal r sotations (phasge shift)
shifters) having,k predetern ned optical rotation .

( phistrebutions n wihieh theoptisel wetetiondphease shifppwaries according

uni form,y adjust, each of distributions of polarization
sttt pesitipns 9é 1pedgpes-t ure at respective points on the

BT Ryomegsorts o Eiadon: Sosmsihe dightoROBrFe e to the
LR e WD IE flane Mt e i el g
TGt e SRR 9% oo, et s
5 SR B B TNyt
pre(tepsfa%tu%m%ﬁm ’Inasthgh%\f\gsen 2embodimen‘c, for simplicity of
description of the adjustment 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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FP06-0456-00 in Fig. 23, the first step is to acquire
a distribution of polarization states in the aperture

about a plurality of points on the surface to be FP06-0456-00
“illumnated (pupil polarization state distribution)

and a distribution of polarization states on the

surface to be illumnated (S 11). Specifically, 5 the
distribution acquisition step S 11 is to calculate the

di &1 Figul3,dhedirst pisipaisi toaadquiresa alistsibutionhefl pplarization states
about a plurality of points on the surface to be

i | Iuntheatapertune abentdias plikality onf opoinds aen zthe surface to be
st &es_on the surface to be illum nated, based on_
detiyningted (Guptihpolarizativnastaten distiibutian) apdaa adiskibution of
(1-PL), 10 [0153] The design data of .the illumnation
opPPEslZatigpastates oy thersyrfagastaibadluminated) (8ddg, Specifically,

exgnpl.e, .dat,.a of the optical stem (15-PL) . frgmj ust
af ﬂ& dﬁ#@gmlenoaquﬂ&logyétepeﬁﬁ113 tpocf;lgggt%éh% rcgsmtwn of
dat a, such as cuyvature ragdii

i ie., f.
ﬁgﬁ@g@ng&#%m Jhef RsUreagbapt %Bb&ﬁggf ofspents on the
Ly adi 16 pe0pluienati B e Rur g ofePplsizagBR.ates on
O BB S a5 HiRAL o st et 8P g ipwminaion

opt i nenbers, i ncidence angl e characteristics

of°p§_%glf1iq'p@ﬂr%Wi($w}'l nms and reflecting films (optical

b ) TR En e SRR MigpinglibR PotShl, SPhergres (1-PL)
q ?é%%‘?@ﬁ%??%ﬁﬁg}@%o@ e3aiitd detlet *F%‘tqemtcgip%iﬁwe(IS-PL)
=0ty RulatePthE 1Bl P B S RRGGSReBater W, e,
e o Spet . chiBunted THHDY R e RERUR SiPltel SRAES wxia
o Fraetichs BELAPCHYE Bpfal huftacd LRV, ilgiBhs BB ThBes of
iolf Iﬁt%éa'jlr ilﬁ%?él’?&ﬂSSthhgﬁh%P thgg re85dAR% 18pfial members, the

nated, wth ea
wavelength of used light, optical rotations (phase shifts) of the

et

respective optical members, 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 to 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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FP06- 0456- 00 apparatus produced actually.
Specifically, for exanple, the polarization state

measuring section 18 shown in Fig. 2 can be used t pps-0456-00

nmeasure the distribution of polarization states in the
aperture about a plurality of points on the surface
to be illumnated and the distribution 5 of
pol ari zation states on the surface to be illum nated.
[ Giffratus t producedenteriablydi nerSpecificildy,r i fort | examble, the
degrees of specific polarization (DSPZ, DSP2, DSP3)
defdlaridatipn tstate Shokarimasectiderl® {iovn iBiFigS2 c&8beaased to
be used as each of the polarization state distribution
i nmehsureather distrebation tofppolaalzapionnstatesnin tiee apeftace about a
be illumnated (i.e., in the 10 pupil about each of
pl plosdlityodshpeints onhthessurfface to dbebidlunhinatéchanddhe diswertation
the degree of specific polarization DSPZ is
r epft palenizetiobytades anithe seifase tobetilungneteds par anet er

to the Stokes parameter So for rays passing a

S
pdidd6Sodntthe prepent embodiment, rydistpbition of degreesmagspecific
plane.. Simlarly, the deﬁree of specific E)qcél arization
Dyrelarigatien (5ihi 5By 1ASPS) defined by e Stokenpasaatesers (So,
paraneter. S2 to the Stokes paraneter So for r_a%/$ ..
pa¥is SagSa G5 br used aseagh pfthepelarzationtyate gisintutéon in the
the i mage pl ane, . and the degree, of specific ) )
paRsTiura abent n@ml peiatsron the syiaee t9 %eﬁlelungnak%ls(l-e., in the
paranpter S3 to the Staokes, paranefer Sq for rays ]
pd@@qﬁ@%@u&m@ﬁ ogrplml POBIt emdhe Gyt beilHpmypated).
t i e.plane. . It i.s noted herei O0.that So .
[ Eg@r@s“ﬁ% dCgice of epesificiprlargntign 1358, is,Beprssenisd by a ratio
li r polarjzation intensjty -, vertical |inear
oOhEST Sheh Stekes rirapieten S thsihs Shakes” pavameiz Sw for rays
i nt ensi tx - _.1€5 l nearﬁﬁol ayizati.on intensi t¥1§ and S3 1
a BASHHEE. 2 RHBE §0cHECRY %’(5{ LGACURE GnPPI dHL s tnage plane.
| ef.t -.handed circul ar, pol aki zati on _,.i nt ity. 25 :
[ SR, e cadie Bt Bt iRatBsioR 5P 1 febrésented by a
e [ t next step. issto determ ne whether
AERBST e af BRCSPRED weliBrrtg & P PRRS BolfiEaF S, for rays
passing a point on the pupil and reaching a point on the image 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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FPO6- 0456-00 states in the aperture about plural
points on the surface to be illum nated and the

di stribution of polarization states on the surface gppg-0456-00

be illum nated, which were obtained by the

cal cul ation based on the design data or by the
nmeasurenent using the polarization state neasuring 5
section 18, is alnost uniformto a desired extent

( Sitafes iftho dpertuse abeuephirabpoints bhehdeuefact natbedifluminated
step S12 that at |east one of the in- aperture

“podrad i thet i distriution doSt polavizationasthtéhieonolles | gatfacn to be

state distribution is not so uniformto the desired

exil kmhinaited, tvwikichawereobbtidineéd bytthe cdlaatign basée ofl the design
proceeds to a design step S 13 of aspherical 10

opdataabr rimt dher me@ptiseernsthiubirgy the pwlatizationhstatdh andasuring
when it is deternmined in the determ nation step S12

t heectiont h8pfs tahmosth uapfarnute a pesied zextennh (812).e When it is
distribution and the polarization state distribution .
ardetesmningst inirthe odetermination eteipr 8d 2ethaérat least ohe ehshe in-
of YES in the drawi ng), the flow proceeds to_a_shape
deaparthirgi melatisyi@lssigte dptubptieni ead dpei pailarization state
rotators, (phase shifters). [0157] The design step S13 .
i distibuftpisaehse ynierusto sored extent (Butherasestt NO in
pol ari zatjon states in the aperture about plural

pdhet draying)nhe flewcprecseds 1q |audﬂwsneat,eps|81t3h§f aspherical
A ol el s onadfs o baedi e i s
il thehe chemization Hem S1 Sker Hett el m-aperture
o SR Ao o T on are
C st oy o He GehedoBrteRl BB: B0 "Rl TS T the

SEESHEEE, e, S5, BPREAETY, ROSaAS e Rln B U 15 of

R T
[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 illuminated, so that both of the in-aperture polé.rization
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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FP06- 0456-00 and the polarization state distribution
cal cul ated or neasured, and the optical rotation

(phase shift) distributions to be given to the FP06-0456-00

respective aspherical optical rotators (phase

shifters) are determned for alnost wuniformy

adj usting each of distributions of polarization states

in the 5 aperture at respective points on the surface

t arkethid potdrimitas statd eistaibubion calchitated yornmicasaied] agd the
or adjusting the distribution of polarization states
oroptheal sotdtrne (plaseeshift) distritotibns| 10158 |giTee todhe respetive
is to calculate the distribution of polarization
staspherical oipticabeotators Ghhase ghifieas) poe desermminedefor almost
surface to be illumnated 10 (pupil polarization .
sturtiforilyt adjustingnegchaod disihlittons biitpaarigation states in the
pol ari zation states on the surface to be illum nated .

i raperisratal respeetive poinés wnuthe isyfase o deedlleminated while
optical rotators (phase shifters) provided with .the
omlingst by (Bleasteiningf t9r dadiusting i thes distribution  of
deternined in the design ste S]IS are | ocated at

t pslarizatiom statgeon the svgﬂfa@@tmgg itligygated. e, | in a 15
mounted state of the aspherical opticgal . rotator ..

( ARA88] Jrhe mexd)stews isajo cabate | %|qf1§tr1blﬁéon of polarization
di stributjion calculation step.S14 is to cal cul ate the

i riatgpin the apedies abeut Rlyralipaiptyen the SuKiags f g ilyminated

AR AL ol MR | Tl rECBEHRRE o
g%ﬁgﬁ% ttlpr?gsgatggt%ngﬁfé éﬁ?é‘?%?é t{egﬁ-géglsﬁ%ltié?%ftqtg in which
,a?{glg H],&nthgﬁ {)ttJF %ﬁ%ﬁ%&ﬂ&ﬁﬂ@? r%g@tggss @qs&dﬁﬁﬁgy% nygvided with
st %ggqq%ffrﬁga%&fb Eﬁ’ellﬁ%lgssfhrjﬁﬁtj ilﬁﬁgﬁllg]fonﬁg fl;{ggilnitﬁ&[ ﬁg the design
E?ﬁrte&? S s Roded A PRREeBRPrLE if%'glﬁﬁléé@?ds?@éﬂ ie., ina
| ShUTRER Se Y0 HerER, BHUBAE S RIS AU B,
deidSc AN, 9k distButiol'€lidulatich st&p 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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FP06- 0456-00 determned in the determ nation step S
12 that at | east one of the in- aperture polarization

state distribution and the polarization state 1§P06-0456-00
n

distribution is not so uniformto the desired exte

(in the case of NOin the drawing), the flow proceeds
again to the design step S13 of 5 aspherical optical
rotators (phase shifters). On the other hand, when it

| sqeRipRAAEH He BERrARMAIMH Ipdp WISHRR & least e 8Pkhe in-
of the in-aperture polarization state distribution

an éﬁﬁrdooﬂ)@l%ﬁ%ﬁﬁbﬁn sttt Qistibutionutdr e pdlhARafion state
uniformto the desired extent (in the case of YES in

t hdistdbatbAds not B UtifimPtofeedesited EReentfaPthe case of NO in
determ nation step S15 of 10 aspherical optical

r ot ﬁrﬁwﬁﬂ?}p&ltﬁ Hldwepsoceedd160hiab exanddstan adtepr S13 of
repetitive trial-and-error execution of the design

st ggpHeticakbticak r@ﬁaﬁdr&i(ﬁhbéei shifedre}l| aDnoihesdthpr Badd, when it
the flow proceeds to the shape determ nation step S15

t oisdé¢termiimed ihehes deforgdnatibapes Sf 2tthet betthefitkalin-aperture
optical rotators (phase shifters) necessary for 15

r epblarizagionhstateedistrileutiop tindather potrizatiogpiateedstribution are
distributions (the optical rotation (phase shift)

di sitmodtutindfosnyiteethd aesiredr expartt (ine thasedser ofalY ES in the
optical rotators (phase shifters)) calculated in the
dediayning) e phe Si@w proeeedsttosthep shape odetermirmtionr step S15 of
plurality of aspherical optical rotators (phase
smmlnma&mmrs@hmmﬁams determined in the

20 _shape _determ nation step S15 and optical -axis |
cokHdt]oF er rexaimples waftexcrepatiitise drisbantareon grgcytdon hef the
af orementi oned _surface shapes, and to  jncorporate the
nedesiget stepdSddpaed i thel disstibutipnr ealgulation steps 14, the flow
shifters) at the respective, predeterm ned positiagns

i npraseedpitpdhe shapecdstemnmgtion atepdeds rtopdefcuping the gurface
shape determ natjon step.S_.15 and the 25

na%lﬁ%t@f they 16 ortice] @i@t%r{@ﬁaﬁmﬁhﬁ’éﬁm necessary for
adj ust rent . step of _ form and pl aci ng h of the

pl maiﬂzmgj the reced eatlcaﬂgo@&onr &paﬁ@&?r §ﬁl%b¢15trli>utlons (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 asphefical optical rotators (phase shifters)
at the respective predetermined positions in the optical system (S516).
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 plurality of aspherical optical rotators
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FP06- 0456-00 (phase shifters) having the required -
optical rotation (phase shift) distributions. The

adj ust nent nmet hod of the present enbodinent is FP06-0456-00

conpleted in this manner. [0161] The next nodification
exanpl e of the present enbodinent will 5 illustrate

an adj ustnent nethod capable of readily and accurately
determining the required optical rotation (phase

s hiphiaye dilsifierdu thavisg t thebereqairedn dptichherotatigec{phese shift)
aspherical optical rotators (phase shifters), instead

of distrebutiors. - dble exdjustoretthoetthéd of e psesent |ambodiment is
schematically showi ng steps in the adjustnent nethod
acoampleted imthikendiherndi fi cati on exanpl e of the

present enbodinent. In the adjustnent nethod of the

noldi116i1¢ afhe nesk amplificstionrexiampiegof the, prasent embiodintent will
adjlust ment method shown in Fig. 23, the first step is
t allpistraten amh edjastmantbmetbadotapabler of ardadilys tamde saicicurately
the pupil, about a plurality of points on the surface
t dleferminingitherequirechoptipal rosatian i(phaseoshish) atisfributions to be
di stribution 15 or pupil polarization state .
di SVEN A itgﬁ) regpgctive asphariealt ppticel rofaéoesy i(phase shifters),
states on the surface to be illumnated (S21),
spasteadc £l g_fﬁe trial-anderrotut methedbqui Kig.i @ stsepp slowchart
is to calculate the in-pupi pol ari zati o tate ..
di%ilﬁmﬂm ¥ ZoitEPRIn 5&% atiussmenh anahofaccordingsto the
il lunmpated and the distribution of polarization ..
st@?gﬁ‘&ﬂfﬁlqm @X%WPF%\@gJ PoESeBt iSMBRRIFME %a@’@daﬁﬂsmm
t he desj ata qf.the illumnation optigcal ppar at us
(tpftiod R BF Refiafion rediis SHONeT hedepdbrish s the
measur.i ng  sect. o 8 is.used t sute. the i.n-pupil .
oottt oelhol ShOFTE iR BU- o3 Tt uitopl THRIISHB) RbLain the
ong.t urfage to.be illumnated and,the , distrihution.
oSO BrliAfioh ghfRnE' G AL BpGup,8 PLbainy'of Points
il umn Lth . cach, of apparatus_pkodu NN
Qe §hrtics B b2 EP BREC Pl BEPR ST AGH HEAE distribution
A USRI pBRE %GR Wt NafddbutiéR) 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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FP06- 0456-00 23, is to determ ne whether each of the
i n-pupil polarization state distribution about plural

points on the surface to be illum nated and the FP06-0456-00
to

di stribution of polarization states on the surface

be illum nated, which were obtained by the

cal cul ati on based on the design data or by the 5

nmeasur enent using the polarization neasuring section

1823] 4s alomdsternifef ah@thar eadesof eHe etgumpil ( izatlb@nstate
it is determned in the determnation Step S22 that

at disedbutionabofit pheral poputsidn i euifzed tobedilatgnated and the
di stribution and the polarization state distribution

i sdiztfibstion oif ol amitaion Satebesi tledsefaento be illtineénatedewhich
of NOin the drawing), the flow proceeds 10 to an
appreoxichitined by ehe S2fcolationebased oni thepdksipinz dataoor by the
state distribution. On the other hand, when it. is
demeasineaentnusing thie tpel ariratiom measrirg? Zettion b8} hs aflmost
the in-pupil polarization state distribution and the
polmiformt tora desireddiestantb(822)n aWhea ribsis defeionned oin the
the desired extent (in the case of YES in the L

dr defenginatiorestepoye D thated deast riecothehimspupil polarization state
determ nati on step S27 of aspherical_ optical rotators

( pihistrebutson fandr e, p@kampomamodts@abuéon df natesp gagform to
of the in-pupil polarization state distributionis to
apiheadgsitedeextant iqasp@faNO i thendrspring), the flow proceeds
di stribution ,abgut each point on the surface tq be

i | fourthafRRIOX4@EtPNe $6M Eaa o§ dhet m-pupilofpolarization state

a _predet erm ned, po om al, as

acqui sition step S21, hy n
a distHREtion ofSBuﬁﬁﬁ shisrdihaade sven: HE 1S |c{%¢lﬁameén m the

" HethuRiionistep p§2:2 "THaR LAPRA o Mrin-ikpiLI BRarIZRton state

o BUARON ahd e ol AT SR SIS BPRBRC R SE0Y, tpiEPrm to

e dsgese i e ces 08t IS dh i Crdpnidanie Nodeproceeds

Hsfgf%sy-grﬁ%; i‘&it‘?%%ec %?]ﬁsttehggf? %@eas%he%ingl 8{3 iest irgt%tors (phase
shifters).

[0163] The approximation step S23 of the in-pupil polarization 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, Zernike 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,,
| DSPs). | This is because the shape of the effective light source region in
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FPO6- 0456-00 the pupil is a ring shape (annul ar
shape) in the annular illum nation and because the

effective light source regions of dipole shape in HE)6-0456-00

pupil occupy parts of the ring region in the dipole
illumnation. In the expression of the Zernike

annul ar polynomals to represent the in-pupil 5

di stribution of degrees of specific polarization DSP,

puthiel pypEil & a rogpekipealasiulg sipedin the etinadaraillumination and
coordi nate system and Zerni ke annular cylindrical

f unenause shareffectan Hght seysieeragidno ofdigotekhape in the pupil
functions. [0164] Nanely, the degrees of specific
podeoupyapads OSRhp, ricg regioneipdheedipade iiHuBynetipn. In the
bel ow, using the Zerni ke annular cylindrical 10 . )
f iexnressien A the, Zenikeospnuplarqolpobadalsito @presensthe pn-pupil
0) +C2AZ2(p, 0) _+CnAZn(p, 0) (b) [0165] .In this .
eclistrigrions of edegrsent of cspddifici gularizationsPSd,i pupil polar
terns of the Zerni ke annul ar pqglynom als. Table (1)
betaswdprasesfp.s0) aig ysadhas puaesrisiste systemnzaml Zemmikigeannular

first termto the sixteenth term out 15 of the .
f U %f@ﬂ@ﬁ@ﬂ&ﬁl@d}s@&lﬁ % SY$tem @ ﬁﬁ}]@gom funationge
a I olynomals. "F-" jn the functions AZ2- AZ16
rﬁ_@ﬁéaﬁaﬂﬂgm& ,aﬁpﬁu%gre%tqflo specifice iHOZ%Hl%ﬁUQII @Sﬁ&i & are
WRAEAPIE G iBoEAn (Dhbesp: ISIHE. dhe Zerile annular yfhdrical
di anet.er/ Sid dianeter of the ring region = a
irﬁ@#@%%ﬁ@ﬁbo [0166] [ TABLE 1] 88 FP86- 0456- 00
AZ1 1 AZ2 pcos6 1+2
DSP(p, 0)=XCi-AZi(p, 0)
=C1-AZ1(p, 6)+C2-AZ2(p, 9)
»e+++Cn-AZn(p, 8) (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, 8) in the terms of the Zernike annular

polynomials. "¢" 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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AZ3 psinO 1+2 AZ4 2p2-1-2 1-2 AZ5 p2 cos 20 1+2 +4

AZ6 p2 sin 20 1+Z+4 AZT (3d(1+2)-2p(1++E"))cos8

(1-2) (1+g2X1+42+4) AZ8 (3p3 (1 + 82 )- 2p(l + 82_ _ _
64))sin 8 (1-EZ 1+5E2 +564 +E6 AZ9 FP06-0456-00
6p4- 6p2(1+2) +(1+4c2+4) (1-E?)Z Azlo p3cos30 1+2+4+6

AZ1ll p3sin3B 1+61+4+6 AZ12 o0-E)(4p4(1l+e2

+4) - 3p2(1+2+4+6) ) cos20 1+42 +104 +46 +$ AM (1-2) (4p4

(1+Z +R)713d(14+6? +4 +6)) sin28 1+42 +104 +46 +8 81

FP0O6- 0456- 00 Js (10ps(] +4e=+e4)-12p' (1+4e' +40

+e6) +3mzn+4e2§§§4e6 +s'))cos0 (1-e2Y

1+1362+46s' +4§46£36+e10 AZI 5 (I Ops(| :

+4e' +e' ) - 12p' (Jsi4p2+4E+e6) +3p( 1+4c' +1loe+4e6+E" ) )sin
(1-62YAZB362+ > =+ 66e6+13e8+610 )

+£
2 2
AZA 20°-1-¢
_ 1-£
2
AZS P cos26
Ji+g'+¢6
2 .
p sin26
AZ6
N
Az Bo 1+6)-20(0+& +£*))cosd
(- W A+EX1+46 +6%)
s Bo0ret)-20f1+e? +et Jsino
(1-2> N1+587 + 5% + 8
29 60" ~60°(1+6) +(1+46% +%)
1-&y
AZ1o P’ cos36
| Vi+& +6* +£°
AZII P’ sin36
J1+e2 46 +6°
AZI2 JU-AEsa+& +&"Y =301+ +&" +£))cos 20
2 VI+46* 106" +4¢° + £
Azi3 1/(1-&'2)(4p“(1+.92 +&" -3 (1+8" +£* +£%)sin 20
V1+4& +106* +45° + &
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AZ16 20p6-30p4(1l+e) +12 (1+3e2+s")-(1+962+9s" +s6) (

-82)3 a. |~ inner a outer [0167] On the other hand,
for exanple, in the case of circular illum nation,Fppg-0456-00
the Fringe Zerni ke polynom als are used to express a

di stribution of polarization states in the pupil of
illumnation light by a 5 distribution of degrees of
speci fic polarization DSP- (DSPI, DSP2, DSP3). This is
becausazihe divaife sf+d'harefiiectiwerd*)ahll+ £OUIRE: 1LGEVR0sH
in the pupil is Clrcu?§%2,$ﬁ3£e+?%l¥ 84§3€+Em _
pol ynonedt o DRSS Bre i 8l 4o ol el idas A s Tono
degrees of specific poﬁaﬁﬂ%ﬁﬂﬁ%ﬁ+EEﬁ%“¥h€3ﬁUpFI pol ar

coor di nat es (2p° 0300 +8hye-1857rk 35+ #) CAADEH 153t £y St em

and t héZlt i nge Zerni ke Cytngrizat——ftmctiors—afe used

as a system of orthogonal furictilons. [0168] Nanely,

the degrées of specific polarization DSP(p, 0) are
expanded~as in Eq (c) below, using the Fringe Zem ke
cylindric@f  .functions FZi(p, 0). DsP(p, 8)=EBiFZi(p,

8) BIFZf(p; +B2FZ2(p, 0) +BnFzZn(p, 0) (c) 15 [0169]

In this eqP@€T on, Bi represents the coefficients of

the respective terns of the Fringe Zernike ]
polQ4éatt éns theaapther( hpnde| 6w egangRes-iasbeogase of circular
presents only the functions FZ1-FZ16 for the fjrst

t ellurpination, shet Esings Zewmitke polynsmmigle argnasedrio express a

system FZi (p,. 0), i,n the ter of the, Fringe . . .
¢ istributiorg %f po)lanzat'ion s.tatesrT$ in the pupil of 11?un11nat10n light by a

distribution of degrees of specific polarization DSP (DSP;, DSP,,

DSP;). This is because the shape of the effective light source region in
the pupil is circular in the circular illomination. In the expression of
the Fringe Zernike polynomials to express the in-pupil distribution of
degrees of specific polarization DSP, the pupil polar coordinates (p, 6)
are used as a coordinate 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, 0).

DSP(p, §)=2XBi-FZi(p, 6)
=B1'FZ1(p, 0)+B2:FZ2(p, 0)
s+« +BnFZn(p, 8) (c)

[0169] In this eqﬁation, Bi represents the coefficients of the
respective terms of the Fringe Zernike polynomials. Table (2) below
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Zer ni ke polynom als. [0170] TABLE (2) FzZ1: 1 FZ2: p

cos 0 FZ3: psin8 Fz4. 2 p 2-1 FZ5. p Zcos2 O

FZ6: p 2sin2 B FZ7: (3p2-2)pcosO FZB: (3 p 2-2) p EPO6-0456-00
0 FZ9: 6p4-6p2+1 FZ1O p 3cos3 B FZ11l: p 3sin3 B

FZ12: (4p2-3) p2cos20 5 FZ13: (4p2-3) p2sin20 FZ14:

(10p' -12p2+3) pcosO FZ15: (10 p4-12p2+3) psin0 FZ16:
20p6- 30 p4+12p2-1 83 FPO6-0456-00 [0171] In the

ad presemtn onlyetheofireftionsel it 4$6h6 foothd fiestttenm textepsizteenth
the next step is to evaluate a distribution of

potem,zawi oh the dusstiahwytstermabRi(poidtinbtheaterms of the Fringe
pol ari zation state distribution polynomal as a

f udernike paynomealsnage- pl ane pol ar coordinates (h, a)

and the pupil_polar 5 coordinates (p, 0), based on the
cot@¥7Q] %AtB;LEJ(Z})f the respective terms in the

Zerni g ol ygom als acquired in the approxi nation step

S23 ( Zl)[i pecifically, the evaluation step S24 is

to set the polarization state distribution polynom al

t hat eRKgidsssesaste pol arization state distribution

FZ3: psinf

FZ4: 2p°—1

FZ5: o’cos2 8

" FZ6: p’sin26

FZ7: -(8§2¥2) ,o—cbsB

FZ8: (3p°—2) psinf

FZ9: 6p'—6p°+1

FZ10: p’cos36

FZ11: p’sin30

FZ12: (40°—3) p’cos2 6
FZ13: (4p°—3) o’sin2 0

FZ14: (10p"—120"°+3) pcos f
FZ15: (10p°—120°+3) psinf
FZ16: 20,°—30p"+12p°—1
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about each point as a function of the inmage-plane
pol ar coordinates (h, 10 a) and the pupil polar

coordinates (p, 0). As to the setting of the FP06-0456-00

pol ari zation state distribution polynom al, reference
iIs made to U S. Published Application No.

US2003/ 0206289 and Japanese Patent Application

Lai d- Open No. 2005-12190. [0172] The foregoing

Apliddtimotise ddfistinbat niwthedtdfl the plesent almtifiahiion exbmple,

pol ynom al that expresses the wavefront aberration of

t hthepnextesteipois t®pivaheate sy distribation 6fipolardrativn states about

i mge- pl ane pol ar coordinates (h, a) and the pupil

potach pomtdiynatmslatipation statedistritigicappalyantmidbais 4 henction

pol ari zation state distribution polynom al can be set

byof thienimage-plenanpgler. coordinassnghpen) drite the pupil polar

evaluation step S24 is arranged to 20 determ ne the

c oegardinases ép,oé)), bhased enphe coeicientssCi of theerespective terms in

pol arization _state distribution polynomal, based on

t HdieZéemike pobpiomiale mcquaeddn theeapproximation step S8 (S24).

in_the Zernike polyfnomals acquired in the o

apPpesifigally.o the tesislyatia) stem dSqZAh s too sekthespolanization state

evagluate the polarization state distribution about |
lﬁtr%tmn pobmaenisd that expriessessthst polapigatipatstatsdiswibution

[.0173] Specjfic as disclosed in the

1 %%Bﬁ%hmm aata Bractignior 'g&é’ Hnegeqase polaneeridinates (h,
FUREAnEnthe DUaPofsLeoorlinaien (ar. o A8oR fos etting of the
ol SRR PR rStBE SHHPUEonEPaBTS b B tergces iripade gy U.S.
RIS ARRECSISR SRS LSTELBA0PAR0 Sah dapnese’ Patent
coehpliFatih Lt Opdt N 0BBeI Z106ent  on 1ot ocused 1o
e JOR72A B FOREOHEE albna et iBRR cRfriBR IR skine afpraberation
St}%]‘y?nghﬁélr 04" é}?ﬁ]re'ggéy WL Bhvd o BBEIHABE' &f the projection
- optical system as a function of the image-plane polar coordinates (h, o)
and the pupil polar coordinates (p, ), 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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determ ned, for exanple, by the |east-square nethod,
based on a 10 distribution in the imge plane of the

correspondi ng Zerni ke coefficient G . [0174] In thiPspg-0456-00

way, the evaluation step S24 results in finally

obtaining the polarization state distribution

pol ynom al sinultaneously expressing the in-pupil

di stribution and the in-inage-plane distribution of 15
pobetdrs adtichtici Rtfocdsed, fobekaRiple, BYa Hetriketfifction Zi of
pol ari zation state distribution polynom al .

si aubbeifroushy, Lxibd essffidenhef the ppedific teirmtini thetpdarization
and the in-imge-plane distribution of polarization

st giate ditsibutibut pelysoirial s slev@yninet, hec exasipleaby lthe least-
to analytically deconpose the polarization state

di squarbutnethodndaked cah cal distritutioptinc the adjags piate A6F the
sol ution nore quickly and accurately than by the

t r catrespahdingoZ errtike oviediieieat Qiu (distriaitiaptofnéeedticemt Ci at
with a conputer. Nanely, it becones easier to capture

f eeach esf giointsy. poFarthemhors sttentioni s ridousédnto a Zernike
situation by the polarization state distribution
pofunesicina¥i af driothertspresiie tems; and nocdeffieient of the other term
perspective on optical adjustnment. 25 [0175] The next

delsi gihestpglagzation atgshedistaibusioni qeolynomiabris (phssquently
shifters) is to independently adjust each of

potieferminedin fer axampls, Appethesdeastiequars tmethad,ohgsed on a
about pluyral points on the surface to be illum nated .
sodltsﬁégu'ﬂ%tm the imagemlpne of shacorespendingiZemike coefficient
diatri bution and the polarization state distribution

- in“the surface to be illumnated are alnost uniformto

th sjred extent and_ to determ ne (or calcylate) .. . .
reﬁu?%@dfrb 5 CHRY.r a@YaéHaTEm(l;?ﬁ%§34hﬁSP}t§ n f’mgfly obtaining
di strihutions to be g% en.to tfe respecti ye aspheri cal

opticcRe aFI&P'ﬁPBrSéatFﬂh WO pRRE0mMIds SR taaee YiegPpressing
ojarizati on st.at distributjon.on the surfac e
Pt Fapunll ikt ( hdodhe | iapaiare BlAnF, diskgution of

01 SSfarization” sPhteP HiGHbiBon S'BY Chshiy e POILASEHSS 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 trial-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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illumnated (i mge plane), acquired in the
di stribution acquisition step 10 S21, is first

approxi mated by Zerni ke pol ynom als as functions offp06-0456-00

I mage- pl ane pol ar coordinates (h, a) according to

need. [0176] Furthernore, the optical rotation (phase
shift) distribution to be given to each aspheri cal

optical rotator (phase shifter) is expressed, for
exdizplilbutidys Zeowi plrglopymosroal the usirfagettbebe dhaminated so that
coordi nates on an 15 optical surface of the aspherical
opbothad thet pamil pofirasaticshithteed)strifinion apdehepedardzation state
first table T21 indicating a relation between

c odiistribiiteon Sn the surfaceekpbetilleninated arer alhesanifokm to the
pol ynom al s expressing the optical rotation (phase .
shdésiyed extenit tamdi tn deferadne (s wadoilate) reguired| optical rotation
rotator (phase shifter), and change in the pupil .
polphaisg ashith), stistributiongi e rpdgiven thdhe resphcipve mspherical
the surface to be illuni nated, and a  second table T22

i naipteeali nefatonse(phasenshidtanek nfaro eflfustingnithe opolarigation state
respective terns in the Zerni ke polynom als expressing

t hdistpeuizem onothe i Wifagendee beniillvyiiaateds | acparéimgito need.
each aspherical optjcal rotator, (,phase shifter), and
choprlicallynthe,distripution o pelarigatips: statest o the ﬁufﬂ%ée to be
25 _surface to be illum nated, [.0177] .In.this way,.the
deléflgmr@t% (iepage @llarcf:)d acapired dnithe distribugion ggquisition step

25 5 S S o kAR R o
R RS ook ) Bt T o on
R EEREFE Y B PR GB8) HBbygon o
BRSBTS B R e, o
R e
tSotRd1 A0 8F RE HsPndlight bRHEACPoBRrY ARHHsR 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 téble 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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simul t aneously expressing the in-pupil distribution
and the in-image 10 plane distribution of polarization

state distributions), and optionally based on an Fpp6-0456-00

optim zation technique by linear coupling with

reference to the polarization state distribution

i nformati on approxi mated by the Zerni ke pol ynom al s,

the correlation between the optical rotation (phase
shirdtaliosi (phaseit dhifty disttibatibAspast byeghapheol ¢hé respective
optical rotators (phase 15 shifters) and the change in

t hasphyridal p@ipticak atdtatorst épkasti sghiftetd)j ofori maligt uniformly
first table T21, and the correl ation between the
opadpmtingotadh of) disttibations Wff pypitlipelarizatioostted at bespective
respective aspherical optical rotators (phase
shpbirdsspnartet berfebante be thenpuoited i wdtileoralmiast e uniformly
distribution in the second table T22. 20 [0178] The
neriaintapings dro adpistingatthet pelgrigtionpattatei dastributionatom the
di stribution about plural points on the surface to be

i | burfeeatted bandlurhinated hasedtororthet evaludiienr rasuiti ahout the
on the surface to be illumnated, in a state in which

t hpolarimagion: wtase dispributionl aoguired! in ohet eveluations step 524
shifters) provided wiith the optical rotation (phase i
shisperifaecally,i bihe onpalatizatiomed sigei n disfsibugiongn polsmomial
S25 are placed at their respective_prefigured Lo
posiapldazeously expressing tha nepupil adistribution: amdpHes ilgdmage-
optjcal rotatars (phase shifters 87 FP06-0456-Q0
(sakyne BHRBr eI palarigatien cstaie, clistribaitions).cand eptionally

th upi | polarizajion state digtribution abouy
 pl E‘f‘%‘f B3 i3 QPHRIZAHONS g gyamear GO WStWHild'ﬁgerence to . -

distribution on the surface

bothe Hclifalion ,nstafﬁat st ogapiER Py prmeximated by the
O SAARATSALH AL 0 S8R5 20! RS (LS e
e N IR e -
Er T S e e T
" et Bble 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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in determning that both of the pupil polarization
state distribution and 10 the pol ari zation state

di stribution are alnost uniformto the desired FP06-0456-00

extent, and the flow proceeds to the shape
determi nation step S27 of aspherical optical rotators
(phase shifters). [0179] The shape determ nation step
S27 is to determne the surface shapes of the
as(B26). caFudhiermate,r ot aisodstdrntined sihicthar Sacheof's dar ypupil
for 15 realizing the required optical rotation (phase
shpélayizdtietr sthtet distiibution dbaiudplunalt peinde singthes serface to be
S25. The last step is to manufacture the plurality of
aspphmmirsé¢d apdi thel polarization {tpteadistdbutiorran ﬂim\suréce to be
the surface shapes deternmned in the shape .
detlbminated,owhiche pvege 7calndlated iin dhe adistribution eelamation step
havi ng, surface shapes conplementary to the foregoing
20526y Fsaalmestapiforma el the desired satents(S820h Finedhghe required
manuf act ured aspherical _ optical rotator (phase
sheptieal)rotatien (phage shsitkdistributipnsiwersneeadalyt pad accurately
opti cal ,system (S28), The, adjustnent nmethod of, the .
termingh Py dhemntenizativamsediigue nbaseds onalinesn reupling,
The adj.us nt, et hod accordi ng to the above-described
2 5INgHRFE -gshenDE ethade hmeeterminairers step S22 results

applicable,, for exanpl to adjustnpent of a plurality
of NedefeEmiming that hota q%ﬁbﬁdl’lllég izatm plage distrigugion and

sem conduct or manufacturing factory. In this case, the.
pl theapp ayl@%oneﬁwé% létrgﬂﬁgmataag geuniigpny to the JEsired

djusted sp_.as 10 have their respectiye olatizatio
- SR D R oty Cesn touthe: Shepg dSterRaipeSiep 27 of

(9Bl BB PSR GG oot e o7 2
195 S R 8, S0, J Bt
oA BB ol AT TSI sy for

realizing the required optical rotation (phase shift) distributions

calculated in the design step S25. The last step is to manufacture 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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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 iZ®$-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
MegathRvadectae hrdactufiglcu dactorpr ol hin cake,stid wiumlity of
15 [0182] Fig. 25 is a drawing to express an overall
systsoBuae appdiaigs aee debiealplyesdjnstedndods ne ttavasthairnviespective
froma certain aspect. In the draw ng, nuneral 301 '
depolariattionatites idesticad svith| dashrather. of Thisvenites OPC (optical
(apparatus supply maker) for providing manufacturing
apparamity aforrestiomo fior ciasksiensedey Actusslr efaths escposure
of the manufacturing 20 apparatus assuned herein

i nappatetuse rdammabine amongrthe aphweality of apxposarasapparatus, and

vari ous processes used in sem conductor manufacturing

f axeduceethe fmskeoatpl e, pre- processi ng equi prent

(l'i thography apparatus such as exposure apparatus, :
r e Btﬁ pk Xkagwdb geseribe anpxaneplerning praguetion system for
thermal treatnent apparatus, filmform ng apparatus,
25mp¢r@d§mc@at(rsomlqpip§m§on ehipstsich asmHds podtlplsodisgrdegystal
equi prrentgcéasserrbl i ng appar.atus, _inspection,

apipanels,u€ Clas.c thin-filin ; magpatic neeads, guiqropwohimss, gnd so on)

est abl i shnent 301 there are a host mmnagenent system

3085ISr an AXPOSHI $ysteri hadrgna plysrliya 6 xposure apparatus.
ﬂ‘facturing %pparatus, a plurality of, operation .

t eFRisnaYsteBhittizes a1e0mpHieranebrark. guésidgethsomanufacturing

(L 309 .constructing an. intranet while connectin

{ HORIOTYh o Eio SRt g SIS < P00 orFeBB LA JE A gataty Of the

SN 309,y L Senet, 205 B! 00 Mg

ang B SCSURLL Y aLHREL ON L 08 LTI Rg, access {romphe o
[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—processiﬁg 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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[0183] On the other hand, nunerals 302 to 304 denote
manuf acturing 10 factories of sem conductor

manuf act uri ng nmakers as users of manufacturing FP06-0456-00
y :

apparatus.. The manufacturing factories 302-304 ma
be factories belonging to nmutually different makers,
or may be factories belonging to one nmaker (e.g., a
factory for pre-processing, a factory for

posstatplistigént R01 ahdre oaN)a Hdbtedsdhaplentditt fsgslenti 868 for
302-304, there are 15 a plurality of manufacturing

appviding 30 6mahelenghey dirabhey eghi manuéxqtasiupe appatdns, a
(a plurality of exposure apparatus), a local area

neplueality( 6PdpeRitibnetensiinalctomputers i310; andta Whial area network
connecting them and a host managenment system 307 as

a {mAN) B0 gorstricting an mivzanedbrwlnige copaeetingthem. The host
situations of the respective manufacturing apparatus
30fian2geriient bpsten8 08 deasen patepedie foSednpedingitee LAN 309 to
each factory 302-304 has a gateway for connecting the
LANtShet i B0Sacheimart any exdetnal emedwogk5 aitsiden the business
external network outside the factory. This enables
aceséahlishmoent, Land 31 securisadinttionofor dimisingh acaessy dftom the
305 to the host managenment system 308 on the vendor
30mutsidg¢e, and access is permitted for only 25 limted
users by the security function of the host managenent
sy98A " Gogheonthepbends senueraly 3034p 3 denogamanutacturing
each user ig pernmitted to send notificatjon of
stigetorigsnt of neendpongstont im@l@%@ﬂéﬁmgn rgalls@rét i ahsugers of

Bt ot bt e d02504 may
L s agkoviee bFlaning o sputialivodiflgent mekeds, s ey i facgories
o0 ok o B SR8 fctry for
|l BN soraer e gnd et s, Corond Lo 0 e ar
%% ri)%f)aﬂt?/fg nx?ltalnﬁ acftﬁl%ng apparatus 306 including the foregoing
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 Internét 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.
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t he vendor side. The communi cation protocol (TCP/IP)
comonly 10 used in the Internet is used for data

conmuni cati on between each factory 302-30.4 and ”A'Eﬁ)()6w0456-00

vendor .301. and for data comuni cation through L
311 in each factory. A dedicated network (e.g., |SDN)
Wi th higher security to block access fromthird
parties can also be used instead of the Internet, as

an[(epgAr S?éciﬁ'ﬁhl’l/?,f lkalit gdedteist Perhdtdd ty. saitk al hotifightion of

mahagernent system does not have to be Iimted to that

pr statigie didformiabiony eiididcatiut dperatiordl s@tuptisns blef t@spective
adopt a configuration wherein a user constructs a
dafrabedectariggpppamtnd 306 a(@.gexteersfjmhpmwf la spamsfacturing
permt access froma plurality of tactories of the
ussppdratidsuffatiapagoubld)0fk8h] the fackiyi side woteependbr side
di agramto express an overall system of 20 the present
entiodughrthedsitenet 805f nad theanseeris gepamtteditbf eceivie response
from that of Fig. 25. The exanple of Fig. 25 was the
coiffogmatiphoto hermotification fewg. alinformetiors do inalécatei bew to
each with the manufacturing apparatus were connected

t hhandje thee teoutbdenandneofinake tand Hiatasfoaghardling)y septo-date
of the vendor of the manufacturing apparatus_and
whenitwarer i muainterzBearnfompnaiion cslucgaimheht infoymation from
data communi cation of information about at |east one
nethef aender rigdeppdhet cemmenesicgtionoprataceh (dGgH IR hsonwnonly
FPO6- 0456- 00 external network. In contrast to it, the
pressshinesherdnternet as usedr ifgudata orpmpamdcation thefivgen each

R A Y T A M
¢ chpeREhOADEAGAr B Grch REIOR S Cala Bk @ B TSDN)
HPORERSE SEARRPIIR PLTFHORC GRS N PARIGRCAN also be used
e
AP S haSag Shent SMEE! es ot Kiave B be BEkited B9t provided by
the vendor, but it is also possible to adopt a configuration Whére.in 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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and a manufacturing line in the factory is equi pped
wi th manufacturing 10 apparatus for various processes,

e.g., first and second exposure apparatus 202 in t6-0456-00

f oregoi ng enbodi nent, resist processing apparatus

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

f ashiefinll mek@oic, ThE) 2ERArAtUSo! Nt ARe f g?és%ht’ axfmphe s a

connected through LAN 206 to construct an intranet an

t Neon Hml Wheftdn la fRtd &ﬂlﬁg?b&dwﬁﬁ%ﬁﬁﬁmgﬁﬁ’ apparatus
host nagenment system 205. [ 0186] On the ot her hand,
eagh gﬁirab Yehd6ssSisesdBficksd Mg hodn ekernhEABRebIkV Butside the
vendors (apparatus supply makers) such as exposure 20
apRatériyU ToMakeiagéhtbnt! egstind e ahei resprptias avesdomkef the
220, and filmform ng apparatus maker 230 is equi pped

W frfanafhaatinpappaedes andswhbasih 2ata cdgimudithtivaris performed
execution of renote mai ntenance of equi pnent supplied
byfgaghintensiece irdfomatienhof tacin mgeanfaoturiys bppafatss.a In the
mai nt enance dat abase and a gateway to the external
necﬂmvihqga&uhierdhéﬂﬂi desigabtes e ndmifacttringafecgergeof a user of
system 205 for managi ng each of the apparatus in the
namahafictoiing dpparatug (sémicendisdor dsvivenmentfattugag maker),
FP06- 0456-00 through the Internet or a dedi cated .
neaved ekmasu fctennglineciviiekfaztaryt s ¢qrapped agdrenanufacturing
systens 211, 221, 231 of the respective apparatus
veamimaratusWien variohs s psyetsees,a a.goulbirst r sedomda rgrposure
one of the sequential manufacturing equipnments_ in the

- neapparetusr 209 in the foregeirg epthadiment otesigt@rocessing apparatus -

manufacturing |line wll stop, but the vendor of_ the

eq@@hrend va ¢ flmklormisgblappeatupe20dr m dandig. 26 only one

mai nt enance through the Internet 200 t qT,i cklty care
plwa f:

f omanufaqtRangpiactaryi A9 kiln flametesh dpit o ity of factorles are
mggcwcﬁ‘i(gaiilqgsihliﬂna?fashion in fact. The apparatus in the factory are
connected through LAN 206 to construct an intranet and the
manufacturing line is operated and managed by host management
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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[0187] Each of the manufacturing apparatus installed
in the 10 sem conductor manufacturing factory is

equipped with a display, a network interface, a wpp6-0456-00
a

software application for network access stored in
storage device, and a conputer for executing a
software application for operation of the apparatus.
The storage device can be a built-in nenory or hard

di ffough tRe TRicREROF bl Redigite8maivorRas! d¥ternal iethork 200 to

af orenenti oned network access software includes a

deheC AR thoemerd efiRt s PR PO 1WELB [DIGIVERS re§itttive apparatus
provides, for exdnple, a user "interface of "a screen
asvedtvrs. asvasen exaiiisesydtefn @ tidtbl®bdches dhsah@yone of the
[0188] An operator managi ng the manufacturing :
apgefuehtial imaeafae t equipaidmes sint tiee frahhofdchgring line, the
information in respective Input itens on the 20 screen
whoperationvef nige trhansfacearing nibde widl stop)ubac the ivepdor of the
apparatus (401), serial nunber (402), nane of trouble
(48 p)ipnobatt ewith thectrouble ean(géfprmdepnete nfaintegancy through

- (405), synptom (406), action needed (407), 1og (408),

artiiedntamet 20@ to gpicklyrdave fat itpthersby eninimizingtthetstop of the
Internet to the maintenance database and appropriate
mananefeotesng diner mat i on 25 as a result is fed back
fromthe maintenance database to be presented on the

di 3187y .Eathe oferthient mranadacturing depparptushe ingtplled in  the
browser further 93 FP06-0456-00 , provi des hyperlink

f wennicondugtpromenmfactyring dactony e8, equippedusvitihea display, a
operator is allowed to access npre detail ed

i raeweakiinterfassue sofbwars applecatianior refvpark access stored ina-

software_application of an up-to-date version tomge .
usHerage deracenid acUPPHEPTHOH SXSEUENG far aze AppHeation for
l'ibrary protvjitggd 5 by a vendor, and to _retrievg an _ ..,
opeResation glitde pRBAIERT orlRe SENREE oflevicRe CARePEt & built-in
of the facto to.refer to. [0189]..The f oregoi .
SUBEIOTY P el GHskrmPr canie i dil6 s Ry oriicalkbgy  The

the, pol arj.zation state neasured,by the pol.arizatiqgn
Eqmﬁlé ibned “nefwork. access software mdludes 4. dedicated or

general-purpose web 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

93



10

15

20

25

section 18 in the foregoi ng enbodi nent, and the
af orenenti oned 10 response information may contain the

i nformati on about the adjustment anmounts of the F%06—0456-00

af orenenti oned vari abl e phase. difference nenbers an
vari abl e optical rotating nenbers. [0190] Concerning
the af orenenti oned aspherical optical rotator, where
only the linear conponent (inclination conponent) of

ﬁ}é&ﬁﬂé@ %C?fpel*ﬁnko‘f&tlétﬁfhsdi(ﬂ 012 98 lRushidtd® and thus the

th

cohpensated “for by this aspherical optical rotator,

t hgpaRtorc i allgh@idofo HeG%s Mprd detiRinforifdion shaResach of
a

as shown in Fig. 28 (a). In this configuration, where

t hthenkeaR, a0 Pl af sofiRare@sislecaivrpsf aﬁpﬁ]%it@idd’c@tv%i'ﬂbn to be
is extrenely small (e.g., when it is inthe range of

0. Bsed i 1Be matifacaping appaitss,cRoneat Witwaes libadry %rovided
al ways have to 20 be provided. [0191] Concerning the

af by enwohdon eshdsphetricsal amp lopeeatidn ioitde (hel? infoemlation) for
the linear component (inclination conponent) of the
phtigecopdrafdr oftthstfactoryitomefes tbo be conpensated for by
this aspherical phase shifter, an optically

t r fHRSYr'Ehe foeegminghstatusgirdfosmaties- mtayatontdirs tthe inforomation
(stress 25 birefringence distribution) of the |inear
coalpautetite pedarsration istatei meakéred by, tharpdiarinstéoh measuring
i nstead . of the aspherical phase shifter. A

di saotioputlifonin She FRMegOURS-@nbodimerntasand htlia safofementioned
optically transparent nmenber shown in Fig. 28 (b) is a
pheespossg infoginstionbmay cvordain the informnation mbouéthe adjustment
(inclinatiogon cagnponent), as shown in Fig. 28 (c).

- [ camepntsoel the afrrementimeadnvariahleephaser diltarenes members and

transparent, 5 nenber maki ng the mask has a

bi Yariahla gpical sptetingguemberst he  adj ust ment net hod

D 190) 4 anGermiag £he aMRrREGtioRe ratoRoRcBhOPHFRhOla o here

o She | Haoeh capoBr Rtk Glakes Componint) 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 alwayé 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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di stribution inside the mask, and it is thus feasible
to correct degradation 10 of polarization states due

to the mask and to reduce |ine-width anomaly of E\P&é'0456'00

patterns. fornmed on the photosensitive substrate.

in a case- where the projection optical system has a
predeterm ned retardation distribution, the nmask can
be illumnated with illumnation light with a

PP T AT, RS eti rte128 )
RS, S SEAGHIGE i S8 Oyt agbhER. Gpetmation

r eB4h b i - MV I patterns fornmed on the
fontg, ¥t SidhmBN TR 12 60)

phot oSensi 3] The exposure

a f 0 i i n

SD2) o LxEDIECESEN! R LTI TR S oBfcaly faharent
2QmBhiHetp rﬁﬁkkﬁgf%he' ifakle- ARy ShalbitifeplodnceedigEbution, the
thin-filmmag ic heads, etc.) bylllumnatlngamask

( rRfjhstngontdndthedi hédordiad iton et | &Rbodineaf Aederibed above
(ilTum nation step) and projecting a pattern to be

t repafiey tiRdappdranized illantihete@ekmastivtiaillumination light with
phot osensitive substrate with the projection optical

syspelarltiensdisgilaitim capiblexdongp@isatingefonthe berefifingence
formng 25 a predeternmned circuit pattern in a wafer

ordisfributikeirsidathewiask casd itiivehus fsibletie ovrtdetidegradation
exposure apparatus of the foregoing enbodi nent to 95

 FRYfop¢labiaation suteaiduestentheandsic tnd toereidues lare-width anomaly

m crodevices will be described below wth reference
t ooft pettetrsmtiamed odn Fhe. plastosisiting  Stbstfate.st EvenpiB@lcase. .
in Fig. 29 is to deposit a netal filmon each wafer .
i r'whexe Ithe . projectioex opticeb sgszm shaso aappedetermined retardation
photoresist onto the 5 netal filmon each wafer in |
t Histrihutiorh¢he ubsslgeentbesilbpmeged svith iHuminationllight with a
transfer an image of a pattern on the mask into each _ |
stslarizaiéen odisedvriomicepable hecampensatinghor Hbis retardation
projection optical system_ . using the exposure ..
aphisirthuttonfandnis is dheyastpletbowirmsidegradation 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 manufacture 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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subsequent step 304 is to perform devel opnent of the
phot oresi st on 10 each wafer in the ot and the

subsequent step 305 is to performetching on each gppg.0456-00

wafer in the lot, using the resist pattern as a nmask,
and thereby to forma circuit pattern correspondi ng
to the pattern on the mask, in each shot area on each
waf er. Subsequent steps include formation of <circuit

p%ﬁ%‘iﬂ%ehﬁc tgf AeTces ANFhilLRA Seed ﬁg’l'l HaVdescribed below

manur act uri ng evli ces such as sem conduct or

deWiﬁPéfeﬂéﬂﬁe%B%SMdrPsﬂFggﬁmd of manufacturing

sem conduct or device permts to obtain

S e[ 19 ATRE FrsE QEpC 361 Wa tFioe 0 BRI Yepodle aCinkelli film on each
patterns at high “throughput. [0195] The exposure -

apRafét i4f ofik lbhe The ekt RtereB0Rdisnenippslan dhetoreddt baito the
used to manufacture a |iquid-crystal "diSplay device as

a fietalotitvi 6A edth hKWaifet iy theeke! eﬂﬂi@ﬂ@@bm’h&ﬁt ’gep 303 is to
(circuit pattern, electrode pattern, etc.) on plates

( gseaafirensiabist trahsfer -anﬁﬁn@gamﬂ@?aﬁem bacthei eraek iintd kash shot
case will be described with reference to the flowchart

of afeagon3€ach wafkt gn the, lat thabtighnthieoprojoctioh egpticil system,
to execute a so-called 25 photolithography step to

t rasinpetha @gidsare afparatmsiofothe foregdiaposertwdiment. The
substrate (glass substrate coated with a resist, or

t heabsekapnt 9teprB08- B4 petformi developnesrtosfitke photoresist on
apparatus of the foregoing enbodi nent. This .
pheaahl isalfierymathey lottal thessithsequent stepi 305 ihéo perform etching
predeterm ned pattern including a nunmber of

el esteachevatondndhadot using ithe pesisopatierint 43,2 mask, and thereby

substrate. Thereafter, the exposed substrate is )
suts) feteck circui{cpattdrnsceresponding testhtepattepnent the mask, in
etching, and resist_ renpval, whereby a predeterm ned,
pataddy shokaresr o eagh wakers ussibseguentrafepsdnelude fargnation of
process shifts to the next color filter formng stef .
40ArCyib 1paffernge It ypPeE olayersy [angy otlens: rfhertsp mapuiasturing
to.farma cplor fiJter, in X ]
devices such as sem{conductor devices. The above-described method
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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- which a nunber of sets of three dots corresponding to

R (Red), G 10 (Geen), and B (Blue) are arrayed in a

matri x pattern, or in which sets of three stripe Fol¥06-0456-00

-filters of RL, C, and B are arrayed as a plurality
lines along the horizontal scan line direction. After
conpletion of the color filter formng step 402, a
cell assenbling step 403 is carried out. The cell

> tep | t. _
panal (hPoeR Ry npapl, BPTAP frfeoll] Gupoumaf.  This
. | e ng T :

peR TR FEEPRY SR, Pl R ToRR P bibdsifmined patiern
Uinorating b hiifber! 6f EIBGOUED AR ot 88 b PHdHSHnsitive

In the cé&l| assenbling step 403, for exanple, i qui
Cryifisttate.S TRErHaSter! Fhe éiﬁid&@&_nsﬁﬁs@:a%‘ Bst suHjecteld!t tb tdagh of
predeterm ned pattern 20 obtained in the pattern

f ostep& Surhens 4ddvedopmiche, eadhihgf idndetedibtt aémeval,nwhgeby a
color filter formng step 402, 'to manufacture a liquid
cryeideterneined patteruiis fornsddlort ahk) subdigats ubsEhereatter, the
nodul e assenbling step 404 is to install each of
coprpeessslsifistotthanead coladfiltecforhiiagistep 402ackl i ght,

etc. for display operation of the assenbled |iquid
crHod] Pheakxt tokwifitar fatrihgdep d0R)istto foomph ebbort fikter in
liquid-crystal display device. The above- descri bed
mewhich af nuarberact wetsn@ft fheet | dpts dearrgspomlding stol By (Red), G
device 97 FP06-0456-00 permts us to obtain the

| i ({oednd,rarst Bl (Bluspheeyarteyed én aimhatranpatteme welig Which sets of
circuit pattern at high throughput. [0198] In the

f othee strpesfiionsi Ry (G, aaddR poe arrmyedgista phwalifieofliges along
exci mer |aser |ight (wavel ength: 193 nn? or the KrF '
exthienorizergel s¢amyhine dir¢ettnm| eAdtan: canapletion obthe color filter
W t hout . having to be limted to these, the present

i nfpemingrstep 02, soceld asppmbbiag: step ihearrgshoupr i dthe cell
| aser |ight sources, e. an F2 | aser |jght source

f crssembling stgplHkkis 1a ga;ﬁge'néble adigule agrstalopanel A liguid crystal

cell), using the substrate with the predetermined 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

97



10

15

20

25

[0199] In the foregoi ng enbodi nent the present
invention was applied 10 to the illum nation optica

apparatus for illumnating the mask in the exposur 06-0456-00

apparatus, but. the present invention is not limt
to this exanple and is also applicable to ordinary
illumnation optical apparatus for illumnating a
surface to be illum nated, except for nmasks, and to

adj _ Parg f f

SyPRTHES s (RNAA e RRERL chraaRpldy UNICP itk L ERGémely
di rwﬁ@iﬂr ; m heges 6 diffractive

opﬁlgg e nt a;t(%ugha pcglﬁbrlg'ns 9, 19 vari abl e phase

di LUl@Bg”E?th@'fb&g&ﬁigC&ﬂbBQiméﬁﬂ B0 eXpokarl LEhZORA the ArF
| ens 12 variable ©ptTrcal rotator unit™ 25 13™mcro

f| pcin@rclabaBoRACROYSlEhgat: /108 ARY)idrOhe SR BA6IAAH frseP light

15 condenser optical sys m 16 mask blind 17 inmaging
EDWQV?éIeﬁ -8 npp it ZAithOt BAdng e bsUimiedser theye, the

mask PL projection optical system Wwafer 99

present invention can also be applied to the other appropriate laser light
sources, e.g., an F, laser light source for supplying laser light of
wavelength of 157 nm.

[0199] In the foregoing embodiment the present invention was applied
to the illumination optical apparatus for illuminating the mask in the
~exposure apparatus, but the present invention is not limited to this
example and is also applicable to ordinary illumination optical
apparatus for illuminating a surface to be illuminated, except for masks,
and to adjustment methods thereof. |

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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FPO6- 0456-00 CLAIMS 1. An illum nation optica

apparatus for illumnating a surface to be

illumnated, in a desired polarization state on thgppg-0456-00
basis of light froma |light source, 5 the

i1lum nation optical apparatus conprising: first

pol ari zati on changi ng neans for |locally changing a

pol ari zation state of light to illumnate the surface

to be il{3phhddiper ﬁgalﬁgﬁgﬂﬂ pol ari zati on changi ng

means for locally changi a polarization state at a

position@mAk Higgt a pupil plane of the 10

illum nation optical apparatus. 2.. An illum nation
opti cal ppﬁﬁa%ﬁggoﬁ@@ﬂ@g@ﬁgnto claim1, wherein at

| east one of tThe first and second pol ari zation

changi ng] grpahizationytatizaness ge¢tiviber for locally
changi ng a phase of passing light. 3. An illum nation
opti cal Mfmagkt us according to claim2, 15 wherein
the phase nenber has a pair of optical nenbers nade of
a bi axiRL peojestioh opiical sgbteand | ocated in nutual
proximty in a direction of the optical axis, wherein
t he pai riWofvafgti cal nenbers are positioned so that a
crystal |l ographic axis of one optical nenber is
substantially 20 perpendicular to a crystall ographic
axis of the other optical nmenber, and wherein the pair
of optical nmenbers are fornmed so that a difference
between a thickness of the one optical nmenber and a

t hi ckness of the other optical nenber along a line
~parallel to the optical axis is different fromthat
al ong- at | east one li-ne-anobng other |ines 25 parall el
to the optical axis. 4. An illum nation optica
apparatus according to claim2 or 3, 100
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FP06- 0456-00 wherein the phase nenber has a plurality
of phase change adjusters which are arranged

corresponding to respective regions on the pupil 1§P06—0456—00
of” a

pl ane and each of which can adjust a phase change
passing light beam 5 5. An illum nation optica
apparatus according to claim4, wherein each of the
phase change adjusters has a Babinet-Soleil wave

plate. 6. An illum nation @ggA%EiSappar atus according
to any one of <clains 1 to 5, erein at |east one of

the firsy, anth skeeMatRs] 68%%%@?&1}51 foMnihabRans surface

has a pol arization varyin or making a

POt beZAhimthatédt i af désitdd pblarizZadin s@é&ldnythe basis of light
adj ustable. 7. il lumnation optical apparatus

acﬁ@&ﬂiaq%ﬁtosoqﬂr@é,m 6, wherein the polarization
varyi ng nenber has a plurality of polarization

varyi ng tecilkimbination dpiitedapaenithy cefipHingg

pol ari zation states o 15 incident light Tn a

pluralitfirgf podedtati®ei ohsngiBg Aneihd ufdmadoicallyophanging a

apparatus according to any one of «clainms 1 to 7,

f updlaeizationstate ofightrtol ilunziabtethesquafacentedsaiillrginated; and

device for neasuring a polarization state of |ight

r eachi ngsedomds poladzation hehanigihg mineane dfor2Gowdiby edtmnging a

| east one of the first and second pol ari zation

c hpolgirizatioaastate s abdi usositionc oar dirngieap @ pepill plafe of the -

measurenent by the polarization state measuring

deitluminagionpptical apparatiisn opti cal apparatus accor di ng

to any one of clainms 1 to 8, wherein the first .

pol ari zaZi orA® hidiwgingtionanptice! lapparatus aaccazdingytoopkaim 1,

of the surface to.be illum nated, a position near the

suwhgeeintas lpasti aneupd the: Bst aadpesiondpolayizatéen changing means

conjugate with the surface to _be_ 101 . ) .
comprises a phase member for locally changing a phase of passing light.

3. An illumination optical apparatus according to claim 2,
wherein the phase member has a pair of optical members made of a
biaxial crystal material and located in mutual proximity in a 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 or 3, .
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FPO6- 0456-00 illum nated, and a position near the
position optically conjugate with the surface to be

il lum nated, and wherein the second pol arization FP06-0456-00

changing neans is |ocated at a position on or near

the pupil plane of the illum nation optical apparatus.
5 10. An illum nation optical apparatus for
illTumnating a surface to be illum nated, based on

| '@hére“moaﬁba%%awine%ﬂyélc ﬁasw?wﬂaﬂliﬂwfa hage @Rkhs@!adjusters
apparatus cohprising a polarization conhverting _

el whRH ai‘é’%fﬂ?%eﬂnc@fre : diﬁg td &‘Eﬂrﬁd&ﬁtvbofbg%ﬁé lorP e §upil
and adapted for converting pol ari zati on st ate of

i nslaglenind &K of "vRich cd® alﬂg@ﬁeé ohab&eNangt asfl 2 Haissidg light
state, wherein the polarization Converting el ement

| dssdirhy changes a pol arization state of light at a
position on or near the pupil plane of the

i 11 um nag.i oArmftluadhatioRaspticsl apparafis iddcondingt t@rclaim 4,
opti cal apparatus according to claim10, 15 erein

t hehpadiardacht ofdthec phasy thagge hdjmsiérshiass 8 Phbinat-Soeibfwave
vari able optical rotating nmenbers for variably

yigdhti.ng a pol arizationrotation angle to incident
linearly polarized Iight. 12. An illum nation opti cal
appar at s adcoilHimpatione bpticall appanabes accomlicg tof anshene of
plurality of variable optical rotating nmenbers has 20

t valatheyilatd 6 vwirdreins atvbehist oheanl thet ficstl amhsecond poladization
an optical activity and arranged to be novabl e .

r athamnigieg t means hhag erpadaonafion dvarying omenibare forcmiaking a
with the optical axis of the illum nation optical

- apparizagon stege ofin¢identdight lamallymdiusiablppar at us

according to claim12, wherein the two deviation )
prisms ate &n dlysinaiion heptiealy sppatates Aseprdings taxelgim 6,
thereof are substantially parallel to the optical ..
axwherein thepolanzatomvaoHng pneadier has a4 plusslite ob polarzation
toclaim1120r 102 ' .. ..
varying elements for independently adjusting polarization states of
incident light in a plurality of local regions.

8. An illumination optical apparatus according to aﬁy one of
claims 1 to 7, further comprising a polarization state measuring device
for measuring a polarization state of light reaching the surface to be
illuminated, |

wherein at least one of the first and second polarization
‘changing means is adjusted according to a result of measurement by the
polarization state measuring device.

9. An illumination optical apparatus according to any one of
claims 1 to 8, wherein the first polarization changing means is located at

any one of the surface to be illuminated, a position near the surface to

be illuminated, a position optically conjugate with the surface to be
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FPO6- 0456-00 13, wherein the two deviation prisms
have their respective wedge- shaped cross sections

conpl ementary to each other. 15. An illum nation 1FlP06-0456-00

opti cal apparatus according to any one of clains

to 14, wherein the plurality of variable optical

rotating 5 nenbers are arranged along a

circunferential direction of a circle centered around

h . : ) : & L0 coniugate with the
LA, 0 3 R0kl 60 AR PRELAT oo usae

acgﬁrfg&@g? Egci)%{u?%lg%tég, andherein each of the plurality

of varia rotati ng menbers has a _

subst ant {;RlldinSHet Kcbal Flansation changﬁgg I3 Bdok8fed at a

optical apparatus according to any ont cl ai s
t ogééiﬁohttsﬁ Be hes R il gwalep@f e illmiPatishdical apparafus.
neasuri ng device for ‘neasuring a polarization state

of i ght 1peachimdiluieinstibhacptical BspirtusTifoat eyminating a

wherein each of the plurality of variable optical

r of@ithedto B ilEmbeAted] Baskd o lipht s adigly dourse esul t
of nmeasurenent by the polarization state neasuring

devi ce. @ iRumihktioh nepiicdl epphrals agmapekits a polarization
according to any one of° clains 10 to 17, wherein the
potativertinigosicamntebtated ehasrenéarhas iHumphatien igpupibplane and
vari abl e phase difference nenbers for variably _

yi adaiited for 20npbavg di ffoladnatohestareofi Moidemt lighghinto a
and energing light. 19. An illum nation optical
apprsdeterminedpadarigation stadém 18, wherein each of the
plurality of variable phase difference menbers has a
Babi-net whepsnsticopolarizatisnl eohvertimgeakement losalyabhgnges a
arranged around an axis substantially parallel to the
oppotesizationsstate ohkight btiai pesifion oréar npatt the pupil plane of the
apparatus, 20. An illum nation optical apparatus
actdbidinegiamopticdlrapperaius. 103

11. An illumination optical apparatus according to claim 10,
wherein the polarization converting element has a plurality of variable
optical rotating members for variably yielding a polarizationrotation
angle to incident linearly polarized light.

12. An illumination optical apparatus according to claim 11,
wherein each of the plurality of variable optical rotating members has
two deviation prisms made of an optical material with an optical activity

| “and arranged to be movable relative to each other along a direction
intersecting with the optical axis of the illumination optical apparatus.

13. An illumination optical apparatus according to claim 12,
wherein the two deviation prisms are arranged so that crystallographic
axes thereof are substantially parallel to the optical axis.

14. An illumination optical apparatus according to claim 12 or
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FPO6- 0456-00 19, wherein the plurality of variable
phase di fference nenbers are arranged along a

circunferential direction of a circle centered aro%6_0456_00

the optical axis of the illum nation optical

apparatus. 21. An illum nation optical apparatus
according to any one of 5 clains 18 to 20, further
conprising a polarization state neasuring device for

MERS UL Ager | Ady9ay; hahthERardipRetivd ewedge-
s patefeh e A Hevaual Ty, M ERDRAPE :

g%@?gg%oé’sf Sétgfdrﬁtﬁo?n t?{t}f fLEENEShefEMTDEr S s

according to resu of neasurenent by the

10 pol arjgat Ao ' LGR- i one of
i um na%%on%&lﬁﬁg@gppar t1dl:f£19a co?%?n%c%%odlggymoﬁgy of
cl@hifms 1] 1o 4k, GABRhS Y pirdityebf PeAableabblial rotating
converting el enent ocated 'near the surface to be
| | hefitess efte afrafg@Salongn aopirtaalfbdentiad ndireetion Voft . circle
the surface to be~illum nated, or near the conjugate
13 eprerdet ound dhe dppicetatrofthe VRuidingtion ppteal apparatus.
state of incident Iight into a predeterm ned '
pol ar i zaltg, onAst Hhenimhiireoptichl appheitupakesidiagi tonclaim 15,
converting element |ocally changes a polarization
stwheredf eath wiithatplaralitygift vartablbepsival actating inembers has a
illumnated. 20 23. An i1 llum nation optical apparatus
f yubstdntimilyagdcnorial staypef ace to be illuni nated, based
on light froma light source, the illumnation optical _
appar at us. coApr ilkimmatisnpopticalzgiparatuscavcerdinggto any one of
el enent |ocated near the surface to be illum nated, i
atclaimp®sl 1t iton 16pt fucther ycommpirising ea wpalarizatos usthtec eneasuring
be 25 illumnated, or near the conjugate position and
addgitiee fommeasuringta pglamaatibarstatatﬂ)tlohght reaghiig the surface to
incident light into a predeterm ned polarization 104

be illuminated,

wherein each of the plurality of variable optical rofating
members is adjusted according to a result of measurement by the
polarization state measuring device.

18. An illumination optical apparatus according to any one of
claims 10 to 17, wherein the polarization converting element has a
plurality of variable phase difference members for variably yielding a
phase difference between incident light and emerging light.

19. An illumination optical apparatus according to claim 18,
wherein each of the plurality of variable phase difference members has a
Babinet compensator or a Soleil compensator rotatably arranged around
an axis substantially parallel to the optical axis of the illumination
optical apparatus.

20. An illumination optical apparatus according to claim 18 or
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FPO6- 0456-00 state, wherein the polarization
converting elenent |ocally changes a polarization

state of illumnation light on the surface to be EP06-0456-00

illumnated. 24. An illum nation optical apparatus
according to claim 23, 5 wherein the polarization
converting elenent has a plurality of variable phase

di fference nmenbers for variably yielding a phase

di §derwheRin ek Ei}aligﬂ!d%e%rihb&hghaﬁé’ GIREGHAY rhé@Bbrs are
25. An illumnnatton optical apparatus according to

cl éhﬁh%éld al@ﬁ% e bﬁcﬁﬁff@réi‘frt]ia!l ftﬁré&{%ﬁ% bg_ta}’ chtle/ @éh&%f around

phase di fference nenbers has a abi net conpensat or

or e §9MiGAll ax§ P RS RhBhirA1cH Gi¥idalaippapaed. around an
axis substantially -parallel to the optical axis of

the i1l up natA@MlueRhatich opRal apparat@Pacdiding to agly one of
illum nation optical apparatus according to claim?2

or clazias 118 td1€20,c Gmpli¢rs icognriginbani pelarbatidhakfite measuring
measuring device for 15 neasuring a polarization

st déeiceffol mdsuriggch potaringichusthecef lighbeeaching the surface to
il lum nated, whereln each of the plurality of variable

phbs élluimfifigednce nenbers is adjusted according to a
result of neasurenment by the polarization state
measur i nghdesinc eac 0of 7theAplutalityi ofit variablet ipbake difference
apparatus according to any one of clains 23 to 26,
whereetibershis maljasted asdaordognter tii resudl efenteasasement by the
plurality of variable optical rotating nembers for
vapolabizatipheitatenyeasypoigdevigei on rotation angle to
incident linearly polarized |light. 28. An illum nation
opti-cal 2ppadar ilsuminasiai optical-sppananizraccargingito ey one of
conprising a polarization state nmeasuring device for
nmeeleimsni) ta £h| eempaising agt ather gfolatigation exqrhienyng refement
surface to be illumnnated, 105 . . .
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 other polarization converting element locally
Changes a polarization state of illumination light on the surface to be
illuminated.
23.  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 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

104



10

15

20

25

FPO6- 0456- 00 wherein each of the plurality of
vari able optical rotating nenbers is adjusted

according to a result of nmeasurenment by the FP06-0456-00

pol ari zati on state measuring device. 29. An exposuré

apparatus conprising the illum nation optical 5

apparatus as defined in any one of clains 1 to 28,

wherein a predeternmned pattern illum nated by the

i I dtgg@ nation optical apparatus is projected onto a

phot odensitive substrate to effect exposure thereof.

30. An exResih %Eﬁﬁ(ﬂﬁﬁzﬁﬁoﬁf(ﬁbrﬁﬁe&'ﬁﬁ éleRept beally Ndinges a
p

pattern onto a ot osensitive substrate to effect

e;m&ﬁ&stibﬁ gtfelof ngﬁﬁﬁaﬁ@ﬁ’ ligh® onl thersubfick @0 terleginated.
appa

ratus as defined in any Oone of clains 1 to 28.

_31. A .1t hagh ffurbiiticic opticAl agpuiatas fa@ﬁ@fdiﬁ%ﬂ@: claim 23,
exposure step of projecting a predeterm ned pattern

onfhetein thetmsarigation eodwbaingeterhenehheal plexgldsuot variable
thereof, using the illum nation optical apparatus as

degfhased differenye onendbers! fomsvatidbdy 2@ieldibg anghase difference
devel opnent step of devel opi ng the photosensitive
s Wettweheancibono dight and teneergimp$ighe. step. 32. An
adj ustment net hod of adjusting an illum nation optical
appar at i5.f oAni illuminsidmgpticaliappamttio abeording to claim 24,
illum nated, based on light 20 froma |ight source,
t heherdinsaok of the phadlitp of vasiable phade differenepmeimbers has a
preparing a variable phase difference menber for
v dBabimiey coimgetisatpr orphSeteilicompensetor irotatelly amangedharound
l'i ght and _energing Iigiht; 25 a second step of setting .,
t e pxas subistangiadlyc paydlial deyl the epfacaly axisapf ethghdbegmination
di fference nenber, to a predeterm ned val ue; and 106
optical apparatus.
26. An illumination optical apparatus according to claim 24 or
25, 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 phase difference
members is adjusted according to a result of measurement by the
polarization state measuring device.
27. An illumination optical apparatus according to any one of
claims 23 to 26, wherein the polarization converting element has a
plurality of variable optical rotating members for variably yielding
apolarization rotation angle to incident linearly polarized light.
28. An illumination optical apparatus according to claim 27,
further comprising a polarization state measuring device for measuring

a polarization state of light reaching the surface to be illuminated,
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FP06-0456-00 a third step of placing the variable
phase di fference nmenber in an optical path between the

l'i ght source and the surface to be illum nated. 3?P06—0456—00

An adj ustnment method according to claim32, where

the 5 third step conprises placing the variable phase

di fference nenber the phase difference of which was

set to the predeterm ned value in the second step, in
the optigiergit eaBRt WPCPhd PEIIhBRE SOWARIABY obliRal rotatin
surface tgr e iFIuninated.ﬁ%4. ﬁ% adj ust nment E%thod &

acaRiAb&S i eﬁi'ﬁét@?i%ccdﬁ’ﬂﬁi%ﬁ BN fesulO ofeAradufdiiént by the

conprises a fourth step of asuring |ight having

pagéﬁ&izafrontsjiﬁt%tiﬁeaélﬁﬁlog delrial e phase difference

yielding menber- placed”in the optical path between

the Ii gh29.somex§@§lu%f®pwaﬁ@%mpﬁﬁﬁ§! theUlfuAdihatlon optical
and a fifth step of setting the phase difference of
th@pdp@tfaw@'& rivdERd dhf berense Yofelctiings Nemker28,0 wherein a
predeterm ned value on the basis of a 15 result of

t hpredeseum @t battemntilenindtédbgtthp illdmindtion dptidalepparatus
nmet hod according to claim 34, wherein the fourth step
coigprcsectedenso aiplptasasitive sabsiteate 3o @ffecobxpogine thereof.
reaching the surface to be illumnated. 36. An

adj ust medd. mptrthexpesurendetipd of projecting af preldatermified pattern
20 to 35, conprising a sixth step of rotating the .

v aontb lae phbtsensitivee selpsteate noreéicchrexpodutdh ehersoifc alsing  the

axis of the illumnation optical apparatus. 37. An
adjlhenimatiomethcad apparatiis ssidedined inl dnyndomeof claint 1 tal8.
apparatus for illumnating a surface to be

i || umi na3bd, Avesthiod of maphifacturing devicglcomprisiog; 25

t he adjustnent nethod conprising: a first step of

| ocal | y am&xgosareasiepl af iprajdacsimgsa predefermiogd pattern onto a
photosensitive substrate to effect exposure thereof, using the
illumination optical apparatus as defined in any one of claims 1 to 28;
and

a development step of developing the photosensitive substrate
exposed in the exposure step.

32. 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
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‘pol ari zation stat'e of |ight reaching

FP06- 0456-00 illum nation |light on the surface to be
illum nated; and a second step of locally changing a

pol arization state of Iight at a position on or N&&ine_0456-00

a pupil plane of the illum nation optical apparatus.
38. An adjustnent nethod according to claim 37,
wherein at 5 |least one of the first and second steps
has a third step of locally varying a phase of

Crai m 37 SR e of Hlacie e PALabIE jaRke R piddnber in

claim 37 or 38, el n-at ( tirst and
Seﬁﬁ)ni@gg%aiﬁgz)alﬂﬁsbétvﬁééﬁ tiheS 1Rt OfountRr iadldl Xhy¥l §hﬁh§% o be

ol ar rotation angle t0 incident |linearly
Y

pollaimh#Rted. i ght. 40. An adjustnment nethod according to
any one of clainms 37 to 39, further conprising a

pol ari ze33,0nAst adjustRaatfrdiod h@@oﬂﬁn% EB Qﬁali&i% 2, av}fhergm the
e surfacé to be

i [ fhird specompbiseh @latingathel vatdblenshast diferéndsimanber the
second steps conprises “effecting each adj ustnent

acpleasdi ddfdrenee refSwiiclefwaeastite et predetdienined value in the
pol ari zati on state measuring step. 41. An adj ust nent

nescvoddastemridi thg dpsticabpatin beveen dertight sotweddhd the surface
wherein the first step conprises locally changing a

pdiocre Ahtmimate®0 state at any one of the surface to be
illum nated, a position near the surface to be

i |1 umi nd4ed, Aa pdjssthent methad btyording tgafzimvi32h winerein the
surface to be illumnated, and a position near the
paegicondrsteptdopaptiyesc anfougtht stepwdf medserigr lighe havimg passed
i I'lum nated, and wherein the second step conprises

| dbsough dhanenabla plxsepdifierenae ivialdingtmember. placed in the

position on_or near_ the pupil plane of the . .

i | opitaah fath bebyeer dhe dighirseunes andghe surface to be illuminated;
and a fifth step of setting 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.

35. An adjustment method accérding to claim 34, wherein the
fourth step comprises measuring a polarization state of light reaching
the surface to be illuminated.

36. An adjustment method according to any one of claims 32
to 35, comprising a sixth step of rotating the variable phase difference

'member around the optical axis of the illumination optical apparatus.

37. 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

107



10

15

20

25

FP06- 0456-00 42. An illum nation optical apparatus
adj usted in accordance with the adjustnment nethod as

defined in any one of clainms 32 to 41. 43. An FP06-0456-00

adj ust ment nmet hod of adjusting an exposure appar at us
for illumnating a predeterm ned pattern by an
illumnation optical 5 apparatus and for projecting
the predeterm ned pattern onto a photosensitive

s unmmﬁsaq_idmigﬁf 8 the¥RABEE o bReaR{inatee gﬁan the

illumnation Optical apparatus is adjustéed In

accor dangge¥bhd sfe?a%ﬁ?ﬂcﬁﬁgl'&ﬁ%lgﬂ% BRI ASzAR 8@tk bPlight at a

any one of claims™ 32 to An adj ust ment

ggpb@ﬁio@c@@ behedr & pupilapiahd Bf the ﬁlqm@ﬁnatﬁﬁﬂ’@?ﬁéhma@rams.

arization- state mreasuring step of neasuring a

pol ari zag8on g %H@lstﬁqelnit ahethodagkididing b6 claim 37, wherein at
phot osensitive substrate, wherein at least one of the

fi fezsist and ofehorfthss bnd second stegshased tised istgp efidcally varying
adj ustment according to a result of neasurenent inthe

15a phlase of passingdightte nmeasuring step. 45. An exposure
apparatus adjusted in accordance with the adjustnent

met hod a39defAneddjustmieat nméthad abtorditig Ao eliinstierdr 38,
met hod of adjusting an exposure system conprising: 20
a hihestineatplesst eneppiatie Gestcamprsesond stegs has a fourth step of
iIlum nation optical apparatus for illumnating a
f i vatiahplyt tyéelding a polasizatimsk rotationadagle diof dneident linearly
pr oj ec_tin%.the first pattern of the first mask onto a
phpolssizedilighte substrate to effect exposure thereof;
and a second exposure apparatus conprising a second
i |1 uni na490.onArpadppstineat nagthbadaaacording 10 anyrionse phglaams 37 .
second pattern on a second mask, and adapted for -
pris) et} dyrthee cemprisingt acppalastzation statenaeasiwingtsfep of
109 . . . . .
measuring a polarization state of light reaching the surface to be
illuminated, |

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.

41. An adjustment method according to any one of claims 37
to 40, wherein the first step comprises locally changing a polarization
state at any one 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 comprises locally changing a
polarization state at a position on or near the pupil plane of the

illumination optical apparatus.
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FP06- 0456-00 the photosensitive substrate to effect
exposure thereof, wherein the first and second

il'lum nation optical apparatus are adjusted in FP06-0456-00

accordance with the adjustnment nethod as defined in

any one of clainms 32 to 41. 5 47. An adj ust nent

nmet hod according to claim46, further conprising: a

step of neasuring polarization states of |ight

travel i g2t o Arhélluphinatiee rgtical eyppabstiis atdfustedt imeaccordance
first and second exposure apparatus; and a step of

adjmidt theadjhstnventimbihododiwdefingd irensnoaerafidieimms BA tbhE.

10 first and second exposure apparatus, based on the

pol ari za43.0n Ast adpstmentmethdd offadjasting janséxposure apparatus
met hod according to claim47, wherein the step of
adfarsiilmgindting aa ipriotletephrned dpdtteane bye aneithemsation optical
conprises perform ng such an adjustnent that the '
pohpparatus candt for pfojecihg 1bet paeddtermined t pattern onto a
phot osensitive substrate_in the first exposure
appaotesersitivaisubatraiedtiol sffeatiaxpiogere thersot, he

pol ari zation state of light traveling to the . .
phot osenwheraia $hesillamenation heptiesbrappstaisurie adjusted in
apparatus. 49. An adjustnment nethod according to claim,
47a¢sordgnee wid Bienadimstrserpmsthed ps defingd ineany ongisifeclaims
phase di fference nenbers 20 conprises a step of

| 034t ¢lehanging a pol arization state of illunination
l'ight on the surface to be illum nated; and g step_of
| ocal | y #hand\h@dustsaent meibogh aseardingf tq icamna 3 g further

positian.on or near the pupil plane .of the

| | SURPRAINE N o POIRIATAQIb ap1aE% s MESSUTIA StgR>s Of e TASASVEIRS 2-

asbolBtizdan sFHE o LG ToRCnE e pHSoS TR STbsLe,

m cr odeyi ce. mmnyt Reluring fAGLORY ORI SING s onprises
effecting each adjustment according to a result of measurement in the
polarization state measuring step.

45. An exposure apparatus adjusted in accordance with the
adjustment method as defined in claim 43 or 44.

46. An adjustment method of .adjusting an exposure system
comprising:

a first exposure apparatus comprising a first illumination optical
apparatus for illﬁminating a first pattern on a first mask, and adapted 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
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manuf act uri ng equi pnment group for various processes
conprising the first exposure apparatus and the second

exposure apparatus as defined in claim50; a |ocalfFppg-0456-00

area network for connecting the manufacturing

equi pnent group; and a gateway for enabling access
fromthe |ocal area 5 network to an external network
outsi de the factory, wherein data comunication is

ente phibtbeenditivosubstrate telefdctaxpbeast thepsofRqui pnent
i n the manufacturing equi pnment group. 52. A

ni cr odevwhereianthtafitsiramb sewdrit il eodpaticn optical spearatus are

of installing a manufacturing equi pnment group for

vaadjostedbimaesselnceéOwtthnthe adjugtmbet hiethodeapdstined in any

apparatus and the second exposure apparatus as defined

i non¢ af wldms 3htadii cr odevi ce manufacturing factory;

and a st ej;) of manufacturing a mcrodevice through a

pluralit47. ofApradjestmentymethads actording ntnutlaim udbndurther

equi pment group. 53. A mcrodevi ce manufacturing

metPPriagirding to claim 15 52, further corrpri si ng:

a step of connecting the manufacturing (% prent

gr oup bya atapekimeasuing padarkzationdstates ep tght traveling to the
npl enenting data comuni cation of information about

at ph@f@gen%ﬁ@eéqbs@m the finst andwacond exposiyeanpapaws: and

group, between_the local area network apnd an external

net wor k ®8tes ebadinstingdhsdeay! emﬁ@@dé neg mgpihsry in the

1-1111rst and second exposure apparatus, based on the polarization states
measured. |

48. An adjustment method according to claim 47, 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.

49. An adjustment method according to claim 47 or 48,
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.

50. An exposure system adjusted in accordance with the
‘adjustment method as defined in any one of claims 46 to 49.

51. A microdevice manufacturing factory comprising: a
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manufacturing equipment group for various processes comprising the

first exposure apparatus and the second exposure apparatus as defined in
claim 50; a local area network for connecting the manufacturing
equipment 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.

52. A microdevice 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 50, in a. microdevice manufacturing -

factory; and a step of manufacturing a microdevice through a plurality
of processes by means of the manufacturing equipment group.
53. A microdevice manufacturing method according to claim

52, 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

extemal_netwofk outside the microdevice manufacturing factory.
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