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

SYSTEM AND EXPOSURE METHOD 5 Technical Field [ 008PD6-0456-00

The present invention relates to an adj ustnment nethod

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

illum nation optical afpESGRIPTIONDIy applicable to
exposure apparatus 10 and ot hers used for

MMVIETHOD | /QF mi ADAESTENG  JulFHAING mi OBdd(Alor DEVICE,

devi ces, imge pickup devices, |iquid-crystal display
BIGHEINGn ORTICAL | REMEGE; | EXPORURE, SYSTEM,  AND
l'ithography. Baclkig ound Art [0002] In the typical

e Iof this type, a |light beam 15

emtted froma light source is guided through a fly's
eflechnival Foeld ni crol ens array or the like) as an

optical integrator to forma _secondary |jght sourcg1
a$080 5|, Adeamresents inyersion | Telatesate adnadiibimgnbrmgthod of
l ot of Iight soyrces. Light b_(i ms, from t he, secondar

| ildnminafien copfical appyahi®danyl Eﬂem?@féws Sphcghappagatus, an

thereafter illumnate a mask with a 20 predetern ned
pEEDERWS Apparafls, iandan XPPpwSaetaethand, meRr§partic fatly, an

transmitted by, the pattern of, the sk .travel s t hrough
a 1ﬁBHB}1%fé@ﬁ1 &ptwar @Eﬂ%&}%ﬁ%ﬁwﬁ B%Prﬁ%%ﬂg 8 FPOSUL pRparatus
manney .t he S attern i,s projected (or
faromanut: gfces

{ galhgi?tgp}'%%e gpicrpgd Em as gemiconductor

thereof . .The pat

f N h i ' .
| s ABRER RICKIR HIN St o (19 A ERED IRy b 2P thin-
t be f d t fer i d I
il R, BYIBRPE Dt or n onto 1 o
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
exposure thereof. The pattern formed in the mask is of high
integration and a uniform illuminance distribution must be formed on

the wafer in order to accurately transfer this microscopic pattern onto



10

15

20

25

FPO6- 0456-00 the wafer. The exposure |ight sources
presently used include a KrF exciner |aser |ight

source for suppl ying light at the wavel ength of 24&]:]?06 0456-00

nm an ArF excinmer |aser |ight source for supplyin

light at the wavelength of 193 nm and so on. 5
[0004] In the conventional exposure apparatus, the
rrask is illumnated while the Iight supplied fromthe

| ithBtwafetr caHy ekPosurel light soaftesepiedentliynised imeadeya KrF
pol ari zed light wth a desired polarization direction

byexeimenVssep!lgtlg douree dor da pggqn%tlighm tieswapaldngtin of 248
(e.g., cf. Patent Docunent pecifically, in the
Casm, afn (AR cexviamr tasek hghbwchf(ﬂppapplyuﬂg light at the
described in Patent Docunent 1, a quarter-wave plate
anwlaeelehgllf o£\492 nph cared smoa. of rock crystal are
di sposed in an optical path between the |ight source
ar[6094]j |If1fthaamm/ent1pnab akpetuneeapparhtfushthdemask is illuminated
converting el ement) 0005] Patent Docunent 1:
| weiledhe digiit Sa]_ntplh pom thé light Sowoen of th1kid is converted
Di scl osure of the Invention Problemto be Sol ved by

t iata hneatlyopolaoued) light vath modesiced poilamization direction by a
accurately produce a wave pl ate such as the

- gquuaYerplate enplageerdanceawithathe pnasle pattenna (sigaglaf. Patent

rock crystal 20 plate, Wen the wave plate fajls_to

adooewmant f)un&pe@iﬁ%ﬁibéu@eﬂtﬁ casth of dbeueomenianal exposure
| IAPPRT S G SATIPRABoP Rt ARy folPafader-bays: Platel and a
e e o ook Pk ol B SRR TS
R s R o SR B0 ol R

object of the invention is to provide an
(Jonvertmg e emen%ﬁ. P

[6005] Patent Document 1: International Publication No.
WO02004/051717

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 thé 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

substantive influence of manufacturing error of an
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
pahimimdtivh ¢peidabappatitas Wwigpablanfabiuminatiagea surface to be
illum nation condition, wusing the illum nation
ofitumihatedpawdttuslight in | am desitenly polamizatioat siate, t eithout
surface to be illumnated, with light in a desired
pstibstaative omfhtesice. of MransficturiSgl einvg ofierPrapiticain Member
[0008] In order to solve the above problem a first
afimectiondhgtdses praseeplate.i ndaothemolgeot ofithe present invention 1is

illum nation optical apparatus for illum nating a
sto ferovide dre exiposuithapparatus andesipaesiirpomathedit¢apable of
state on the basis of Ilight froma |ight source, the

i pedformang @oashexpogura taxs apprapriate ajumisatipn sondition,
pol ari zation changi ng nmeans for |qcally changing a
pusing the ilbiminagion epticeappaxatas forilhamanatieg eumpgk set on
to be i]lum pated; ,and . second. pol arjzati on_changi
abies oBa gt LT B Rl o Gt S e
positiopn on .or near_a pupil plane of the illumnation

ghe Broti
o,Meaﬁﬂ CippAaVHIg, equ BBD9] A second aspect of the
DEGIFEL 5o Y3 ol e R s B 8388 b prsens
s S b 2B B 458 ubifating o
"Bl 2o BhiBTBMA e ie Ao oldianBan e of The baSis of
convertin | ari zation state of incident light into
a?lgﬁé“%{lg’rﬁgﬁ WW6Fari zati on state, 3 )

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

predetermined polarization state,
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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 FP06-0456-00
péct

illum nation optical apparatus. [0010] A third as

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

i1 um nayhereiPthé GlladRRieRtdenvesting i elef@nt docally changes a
pol ari zati on converting el ement | ocated near the

s woladzation beate idfllightnat @ posiorfonagi didaerthedupibblane of the
conjugate with the surface to be 10 illum nated, or

néHuntihationwjptigat eppasitts.on and adapted for converting

a polarization state of incident light into a
p66e0kAvithied aspket Of dhé presest aheentadve peowidesean illumination
pol ari zati on converting el enent |ocally changes a

p @ipdiciak apparatas doe ibimithatung magurdacd tgbe Wuminated, based on
surface to be illumnated. 15 [0011] A fourth aspect
oflightdremes Bght someset i on provi des an exposure

apparatus conprising the illum nation optical

appar at dle dflumination spticakapeparatus ¢oreprising! aspect ,

and adapted for projecting a _predetermned pattern

i |1 uni nét polapizatine ¢onvertingtalemenpdoeated amsarthe surface to be
onto a hot osensi tjive suhstrate to effect exposure

t iEpeynategy gtoa 1pgsifon; pplically cnnjugatenwif dbengurface to be
i nyention provides an exposure _pethod of projecting a
prilugiiaatads &4 neaf the soniigata DosBien éﬁgiQJ&PéG §omeenyarang a

TS o 5o bUIG ekt et ration

aspect. [0013] A sixth aspect of the present invention

p des a nethod of 25 manufacturing device

g?gggit :Ir ﬁgﬂ&ﬁé?@ﬁh@ﬁ 1t81?gc0%{ye?‘{iﬁ£eeclteimne%talocaﬁy changes a
polarization 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; Fpod-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 ustment net hod of adjusting an illum nation
thbmbn@immr atwisstfare itol ueffeet i egpasursur fiegeof,0 xing the
iTlum nated, based on light froma light source, the
afllwsinetivn optitaldapparpiuissifithe farst aspdct $0 ¢he diird aspect; and
preparing a variabl e phase difference nenber for 10

vari abl g development spipped ditvel eping: ehdb photesensitivel snbstrate
light and energing light; a second step of setting

t eepadeakin thef dxposncestepel ded by the vari abl e phase

di fference nmenber, to a predeterm ned value, and a_

t (00 ]s Aegeviehtip Rspeaigiithe prasamdbheenpiieon providies asradjustment
menber in 15 an optical path between the |ight source
amethed of adjusting enpduminationeptiesl qpparatps Afgr éllyminating a
aspect of the present _invention provides an adjustnment
neer{ace &9 bad]lustinaigdahased oni lrghti%wnoapflgbh BOWESSar at us

for illymnating a surface to,he illum nated, based

on | i ghthe & ﬁ$ﬁn¢n§mﬁﬂyaﬁpeﬁunn@nghe adj ust ment et hod
conprising: a firgt step of locally changing a

pol ari , Atlitsh Stap:pb peeparNg aryHATlS Phasg (i fgRengremenmber for

surf, to, be. illum nated,..and a second step. of .

| sarably c}s@g@m&g % Bl | GifioTence  Brevesn | fgident light and
position on or near a pupil plane of the illum nation
ofmegm&lghtat us. 25 [0016] A ninth aspect of the

present inventJyo rovi des ap illum natton optical
Do at BsSkatos S of Setineqthe: onaFt Hitkiines Bt by the
n%%trr}%gleolfahas% 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 adjustnment nethod of adjusting an FP06-0456-00

exposure apparatus for illumnating a predeterm ned
pattern by an illum nation optical apparatus and for 5
projecting the predeterm ned pattern onto a

phot osensitive substrate to effect exposure thereof,
Wi s¢vertthexspettuod thatgightiogdperal apparatus is adj usted
in accordance with the adjustnment nethod of the

s¢0@hTh Aasqrethtaspect lof theiyeséntarpetion] frqviddshnladjustment
el eventh aspect of the present invention provides an -
aapethodensf nadjostingf amdj esposurearappepatsisr dosydtleminating a
conprising: a first exposure apparatus conprising a

f ipredetethined giatienn opy | aml llupratenuoptical | dpparatust ang for
a first pattern on a first mask, and adapted for
ppopiectinggthehpredetermipadt patternf ontioea fohotosensitive substaate to
phot osensitive 15 substrate to effect exposure

t leflesbexpasuredherasdnd exposure apparatus conprising a
second il lumnation_ optical apparatus for . . .

i 11 umi nathargima thec oblympinetionn epticals appamtpasis adiwgted in
adapted for projecting the second pattern of fhe

s @eonulangswithy the adiisimant sasthad Wi thepsevanth agpect or the

ef fect exposure thereof, 20 wherein the first and
S 33peGhi nati on optical apparatus are adjusted in

SRS, M Bt Ko et o ttes
R AR
the 25 cheYenLA.aPectyr k0020l & 08 USSP AtRRSn Sptica
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

extieroddvicet wnakmfacthwinge tthetobgctamyprising: eian deraifacturing

conmuni cation is enabled for information about at

| equipmert gnoup nient vanmoush processes amimprisgge the firsttexposure

group. [0021] A fourteenth aspect of the present

i APPALAts thedsecend xposure dpparatusmiuthec tweifthy aspect; a

met hod conprising: a step of installing a ]
laareamatyoskjdiop eennegiing phe ananufachuRng raspdpmest group;

conprising the first exposure apparatus and the

s@bdnd gatpwelirier gpbling scegsst feom tthe|lpeal axgrenetwork %0 an

m crodeyvi ce nuf acturing factory; and step of . . .

nextgaal metwgrle outsidgqtha é’@ctpﬁ)cou%wr@npaateappwnamcatwn is

procgsses . by ans .15 of the manufacturing egui pnent

g.eaag.edEf f@ctﬁ%mpﬁaonnmto@t[ 39@82] on¢ ofgUENPeRt By the

the present invention, a |local polarization state is

v &R W&ﬁﬁum‘?fft%&‘ﬂe and, therefore, an optinal
O e i A Skl sonices
to be ill.umnated is.illum.nated to.effect exposure ...
t HelCZefeviie MABUERHEE JORAG CORTTIRES 2 FlFPhAbRslling a
SREEI S POA TDA OE BAR
£ it PSR Gt B0t sebFhS " pA B e
" PRGTRR RBEEE B, F o REEG A pldR BRSOl and acttep of
O SAEFRBARSRS SRl drbdEvRIMART6RER a Plurality 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 éan 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 menber for variably yielding a phase FP06 0456-00

difference between incident |ight and enmerging |ight
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 conventi onal
t §0023] dgtillcdnatherhgsdatrofithe tyresemt\invphiidr, sinch ths variable
the quarter-wave plate or the half-wave plate froma
siphgke diffdrencystmimiptratfer varigbly heeldieg af phase difference
adjusted so as to accurately function, for exanple, as
a bptaeerrinealent lpghtt endremetgihg - lighte forr atsamplen litkkeea Soleil
an optical elenent constituting the 10 variable phase
dichiepensatomentse Babisets compensatbads wisedgae rano opticald psimber
Therefore, the illum nation- optical apparatus of the
pifusetioningaeatwave platapidiffarent fiomitheiconvantiongkteshnalogy
surfaceto be illum nated, wth Ii in a desired
peifamapufacturing he, wave plate @misaartge \Blariertvane @laf@r or the
rranuf acturing error of, each opti cal _ el errent for n
halimavesp ¥ @n¥ing m@k Sgystahplatep|1hcan eﬁ after
result the exposure ppar at.us and exposure nmet hod of
t r@élj%?tééeﬁﬁ?t ap ﬁ@emwﬁteiy fieng 3‘01’ ;?éqam & §8crl quarter-wave
osure %@ﬂ({er an oprlaelllumn |on condi ti.on,
a@ o Bl wavR e a&*psﬁna glemgnt constituting the

I Ha%mmbi% phase &ifdency “mgmheaﬁa%égﬁ@i%é%ﬁﬁwéﬁp%mr

iB84L Aherdftte; JPenALETaAt S Giedlo BPAH<O! dBgspresent
cdﬂf’?’&%?%ﬂ? NSO HuRBPaR e Rask AR MM 1o be, fppinated,
=N b s &PW?}&M’&%‘? Wl iodtathivé ihftuence
ggog: g r@%gﬁdﬁnfgf] e%r(gro 0?, eééﬁ (%]Lléal aéﬁnﬁ'@lﬁs%llrﬂﬁig 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 nenbers according to the enbodinment. FFR06-0456-00

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

opt i cal Figt Atisr a uhiatvingcsotimati¢ailyt isholwingt configurations for
nodi fication exanple. Fig. 6 is a draw ng

sehaehmatifc ardriablbovphesea didferenes amembefs eactonding altbe the
optical rotating nmenber forming the variable optical
1émbwidanent.uni t shown in Fig. 5. Fig. 7 is a draw ng

for explaining the optical rotatory power of rock

cryst al Figi4yis 8 dramngrsahﬁ:mgucaﬂyr‘%mma@ 3 cohtigimafiem of an
annul ar secondary source set_in a

c PXpOsHISrapparains @@parcgzgtto@qﬁ&tan@dlfwaém oxample: he

15 varlable optical rotator unit shown_ in Fig. .5 Fig

9 is a Higw Ay asdreemiag wqmatmiby ﬁbowmngmmlaﬁguratwn of a
secand li,ght source set ad rization
svatiab fﬂ/olafé@aldﬁtﬁpr HRE assOrdIEdo %ﬁtﬁréémﬁ%@ﬁapnlﬁ%ﬁamp le.

shown inp. Fi ig. 10 is a dr schemati c
showi ngF gcgnlfsl 9 &Wlﬁﬁ ghegnatys walsﬁgmgpq]ggg%lgu%atlon of

di fference ,unit ,accordin t odi rent of t
pracenyaniahlenpptifal IfPE‘ltm%l miear & die Variable optical

.scherratlc; expl nlngthe action of the vari abl e
?Léﬁ@e&ﬁ Sshown i n Flg 10. Fig. 12 is a

b oo sy Shot e e e ot R
t Iljgc enboqalrrent of the pr esent | nvent ifon. 9

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
bl e

schematically showi ng a configuration of a varia

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

opti cal Rigt 48as aidrawang doxdsclgematiealip dixplaaingthe action of

exanpl e of the exanple shown in Fig. 14. Fig. 16 is a

dthewagabkhphase didfdarognshonitrshosvc omFigyuiZat i on of a 10

vari abl e optical rotator/phase shifter unit according

to a thiEig. l#édsafdrstingrschemesicallysshpwitip & vonfigesation of a

a drawi ng showng a nulti-pole secondary |ight source

avarigbje aoptieali ngtathowinyg acsosdingortal a esezondn modification

exit where light beans formng the nulti-pole

s@éi@mjdﬁy i ght source shown 15 in (a) are emtted

from phase shifters of a variable phase shifter_unit.

Fig. 18kig. &5 ds admayvisgmehemaiinally showingyagonfiguration of a
rati,on and actjon of ,a pair pheri cal

confj of ..

omap@gvhje eptisabratatproanigiesgording tocy meditication; emmple of the

exanple. Fig. 19.js drawi ng schematically showi ng an

e%%’l eéﬁog’éblrbﬁ%g-c@- rotation (phase shift)

di stri buti Oﬂé .gi ven t.o a %ai r _of S’S herjcal optical,

r ot at or §18phadd astarrigsychemagically showing g fomdiguration of a

sche ically show not her, .exanpl e, of opti cal .

; SOl Optikel SelaRSERe: rHEEF oRilly; SeEPIEING oy @ third

of aagherti cal optical rotators (phase shifters). 25

ST s e b ®hg schematically show ng a '

nmodi fi cgf:j on~ - | e NS] hree, as rical..opti cal

rot at or ? Iépﬂgslgl)équt@sa} aﬁ%‘&% %hc%ﬁ’ﬁg a multi—lg)ole sccondary
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 positionsFpP}6-0456-00

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 respebtive optivabmotation (pheisowhnt) disgrnbutionamf optical rotations
adj ustnment nmethod of illum nation optical apparatus

aGlueseti shafts pdiffering ateatidmeg to aicidercepesitionsi nvent i on.
Fig. 24 is a flowhart schematically showi ng steps in
an 10 Hig.u32 ieatdrmvingdshaswmglcragstsgctions dif at ani-axis light
exanple of the enbodinent. Fig. 25 is a djagram
ekpamsand gnaeiffearas dight hyeare passinghthe asphsaiond mptiwal gotators
view froma certain aspect. Fig. 26 is a conceptual
d{phasersheftersy dn ithe modificetian exapaplernidiig. 23. t he

enbodi nent as a view frqom anot her aspect _different ]
from Fi §ig.283 15 g. floweharh sphematicalhovshayving stepmpiia an
of .a user interface . screen provided on a display jn

t AdIusfmentnpe ideF 2ﬁunﬁngt.10280ptéc appatally according to the
sch icall how ng a configuration of an

a& WtGEFﬁ%RFe MENNhase shifter) used for -

conpensation far onl 0 | i.near.c onent, .
(Pheri B0 dhBndlyclint oFEHSRICALlY carvise epsdn an
shi,ft) distribution. Fig. 29 is a fl art of a

* BEEEt ometanty dceordtg” ed dBRULAOHERIEBBles0f the
m crodgvices. Fig. 30 is a flowhart of a technique of
nﬁfﬂh‘%ﬁ ing a liquid- 25 crystal display el ement as

i’;\mr/n eﬁ[ ?gﬁé’.i - i5est di\ébgdﬁeu’?l fe%rpres '&ﬁg '09 QYLratf stylg?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
aspheﬁcal 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 rEp@s-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[6086h Eihbedirentspaf the @resemttingeptienewol He described based
the plane of the wafer W and the X-axis along a

diaretheé cacoompartying dresvplgane Kig. Ai gs a ldrawingesqhematically
of the wafer W [0027] Wth reference to Fig. 1, the
exposing appanfgusatisin tdfeapr exposure18ppatatial reecordisng to an
provided with a light source 1 for supplyi n% exposure

| iegnipodinnentrefnthe presentgimventione |Inghig. dothe £-axissisdet along
herein can be, for _exanple, an ArF excimer |aser

| ingfirestion f # mormabgpya weafer It being aphettesansitive subgtrate,
{ Etﬁ“m’a-a?{sf@l?»é‘ééq {raizrlfiéﬁ %m'eél?éiftoiﬁﬁiﬁigné %&5?%5- ghithe plane of
. . % .
e M TR
o i R aha v Wee nenber 3 functi oning as a
I O R S S —
o SRRl SRR IS S T, ving exposure
et GAbhaBaubg 05y e iR6E 'Sﬂ%ffﬁf%%iﬂ@ %?%ia@a% be, for
. has s " .
(AR, AL SRR sl RS o
aBYsIshEf PO hihe RO PBRI S MahE Sl fo Symplying
(afgpabs Q’Pé%\}éiéllg P ?@483%.3?} _}ﬁQ.ltilPé’.t Ei%lﬁtogh}i{tgﬁaﬁ"om the
posttion of a Fonfh4ns M a i's approxi matery

‘igig}fti Sotile Wik RxPaRBSd 14t Abht Beatl &f 4 2641i¥6d BPSdCHctional

shape by a shaping optical system 2, and travels via a first variable

phase difference member 3 flmctioning 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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FP06- 0456-00 elenent 6 and so that a rear focal
position of a rear lens unit 7b is approximtely

coincident with a position of a predeterm ned pl angFRB)6-0456-00

i ndicated 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 ength of the exposure light (illum nation Iight)

i relementifstandt sy that af react fi pasifioh fofaatrean lensiwdnt7b is
l'ight beam at desired angles. [0029] Specifically,

t lappdoximately oinpidentiiwith eapositior @f arpretdeatermined plane &
il lumnation has a function of formng_a |ight ) )

i nndivsited, byt ot daghad bneoin dhe dravdngul dn gengrel,i a diflzactive
far field (Fraunhofer diffraction region) when a

padiced elemgnt isomade thyvforgiagrsepsabapaichanmroxsmstalpequal
is incident thereto Therefore, a nearly paralle] .

| itghthe cwaveleagtene! tthet wxpasare dight, 41l jon light) in a

el epent 6 as i ght beam gonverting el epent forns an |,

o FHOSHAL ad Tunetiens itoyddieet ap tadch lehs brgsm | at desired
pl ane of the afocal lens 7 and 15 thereafter is

Olﬁrﬁi?st-ed in an annul ar angle distribution fromthe

a DOAIICaIH.s B¢ o AL e QIS EIPTBRTDr 6 nday -Munular
4 Lo e R SRR e
:t éﬁ&%‘ﬁﬁiogéf%%dhﬁélq%eﬁf %ééﬁgﬁﬁi@??ﬁ%flgﬁx éﬁéf@giq%%t of an
el shRedei e B P ASEhBTr BaiSiokrEdn) when a
oot et b ERE B R e crose SEetied 3 ncifghthereto.
E ?f}@%ﬁ%g%l%; SR E Pt 1ty T e (Pt ractive optical
BR80T e AT o i
qul’té}gli hstitied InPkAE O?qu' @)lé&% Gt 120! Srocal IPPS, 7 and
polarization rotating unrt 0 enter a mcro f1y's

Wfichiffr (2" orftpitSd SO AhidlIdan eC BRI POmPRR afocal

action
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 c-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
etaththey variablm epsmahl dogatopl anié. 12 08H1]be tdeseribed eldter. The
herein that each mcroscopic |ens formng the mcro

f Ipicgoefly's eye lens shhlibean toptivad aelementscansistimg of a lot of
forming a fly's eye lens. The mcro fly's eye lens is
onBiaraseRfie Hemsasowildf a masitdve spfrecties pesvercarranged vertically
(mcroscopic refracting surfaces) are integrally ]
f Gindle howzontally woidngenselyl atvdgeneral.eacmietcndly's eye lens is
different. fromthe fly's eye lens consjsting of |ens

o ICORRPRIEC: QbR ATOSS AN IRBR B5OHE rWhHé\A}év@ﬁaet fer axample, by

fly's eye . lens i | so an optical integrator of the
séﬁ@%\ﬁepk@ﬁrpgﬂﬁpfpf%ﬁ% type as the fly's eye lens

[ of the, yertical and horizontal  arrangenment of ,
 30pFLT e nefeer Bitein hin &8 IHSEPSGApAC dgns Sewmipg the micro

r. 032] The.,position ,of th redet er m ned ane
DS subiliag s, gRalBR Shan PAek lenn alcmart oroung & b ebe lens.
zogm | ens ,and tre entrance é‘g{ifﬁcelof I;fhe. nmcra
f | 41 DUCEO | 1§ ee 1eDsyly PRE I RANCR e 10T gt pisrgpcopic lenses

B e g% e BABY 14 et e
G, I A O FaT SR Aty YR pbine o
e e (R e
Suehesea ST Al Y ud S0 Sl BB e o
BT 0 Y6 0 R M et o

PltRE%ey elefiferit Wt thepSsifiveeRdaivkpowd:.
[0032] The position of the predetermined plane 8 is defined near the

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

plane of the afocal lens 7 eventually.
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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 planEFRrg6-0456-00

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 length of the zoom|ens 11.
Eé8®33}nTgleo$ﬁ:m©,i forlexaspler an njuirhration field lof"an aymlar shape
lens 13 has a rectangular cross section simlar to a
shaspandftheoptidal exiatA ¥y simdlar toothas enrthedpepil planesi the
M &event ually, a shape of an exposure region to, be

f eforal lens o, idbemed) on the [atBuiceTHafacqypf theamicro fly's eye
incident tg the mcro fly!

s.eye lens 13 is two- L
dilershd Bonalhs esfire shape Off Bis @mnﬁfaerr dhuopmation fiedd similarly
forma secongary light soufce having.a |ight
iﬂﬁé‘%i‘iﬁiped} £ URAN %eﬁﬁﬁ[aimﬁ&ep? Bgugpomp lenshd1.  Each
illum nation field formed hy the incident |ight beam
| TRICTOSEODIG deAY i@lymnggﬂfe ByGrR Eﬁ’o? exe 3@%&@@%@ rectangular

surface illunm nant, of an annul at, 15 shape.cent eye
o CEOS S aotion LA to,a shapscof an RS B¢ Sormed on

pl ane of, .the mc fly's e |l ens 13 (event ual,l t he
P B R N R epliify  shapsral we SReofi ragen dodsiaiard on a
Iiwqthﬁ wrce formed on or near the rear focal plane
of EWWcro fly's eye lens 13 travel through a beam

IO e ABREBER) FRIYSHE R B850, Y BSH kamda s two-

BRI 80P b AP e CIARbl B Yo deocry

| gt sREfen Aafing o Uit ety WRRIRAGH epBRorcinmataly,gaual to
 GATRLARIRA SRR oM IPRECTS, <
TR0 B0 oS UL TSGR 38 e
t gsﬁaﬁéﬁ dehnkdt@dPAduhdothe? opfichPA%H AXSRAPSr idat e R3K 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

illumnate the mask Mwith a predeterm ned patternFP06-0456-00

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 light beam having passed through the pattern of the
mindindM 6 ek dsubqeciedde Kostsipg AMBiomed air aneging bptioghsystem
projection optical systemPL to forman inmage of the
nmidSkapdtthersafien illbminateethe puaskt Mowishtd peedaipgninadepattern
Wheld on a wafer stage Wo. Wiile the 10 wafer stage
Vgherein,vin disvpespesed manaer.veNaamelyc e toegmg eptical system
therefore, while the wafer Wis two-di nen ionall%,
drlivEarmhan dorageor! the rectangelaplapeeturxeighgmaask blind 16 on
per pendi cul ar to the optical axis AX of the

@@ﬁkﬁﬂ«xﬁical system PL, one-shot exposure or

p i _
{0081 201106 B B, posuet e SR b ehefelPorbi e ik M
S & ahis o QFSHER Han s Dnohi o Ppisfion optica
(0]

FoSrn BT oot S5 AR R R he water
TPt e RSB b RRERR,, it e
ABEF el ™ BB G YRR ah T Eh BBl and
B0, e Iy 8% an cononed
{3 fschihne RS B850, bR ERRPIRAY BRABASSRR AX of the
g gjéb“eﬁJ eog,'ti]'c%ﬂ“s h?rPﬁobﬁb.?srhdtl% L Qs dsure is
_ qua _ruo_esape con’S|st|ngo_ our c!rcu at

SR ERALLRARy B bR GOSN ) 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
quadrupole illumination has the following function: when a parallel
light beam having a rectangular cross section is incident thereto, it
forms a light intensity distribution of a quadrupole shape in its far field.
Therefore, light beams having passed through the diffractive optical
element for quadrupole illumination form an illumination field of a
quadrupole shape consisting of four circular illumination fields around

the optical axis AX, for example, on the entrance surface of the micro
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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 FP06-0456-00

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 Aylscaye déng A8. diA$ maxssivite the pecondaryl Bghhsotrdeoof the same
annul ar illumnation, it can effect normal circul ar

i quadiupslé oshapehas ditfef iHuniinatiopt field fermednonf the entrance
circular illumnation has the follow ng function:
wierfage paekdo Ermadyhn areaearnthei regr 4ocal plaseanfgiicamicro fly's
cross section is incident thereto, it forns a |ight

i ayehens §3. distributionof a circular shape inits far
field. Therefor, a.light, bea havi ng .passed_t hrough

t HRO3B} When a\@%ﬁgeﬁ% DP@ICéhéigm@ﬁr o Gikqlay fniminatton (not
ilJumopation forng an_illumnation field of, a_circular .
sﬁl!agwng ap 58t i the i Bumingtien smticahpath msrd pihe ditfractive
exanpl e,, on the entrangce surface of ,the 15 mcro fly's
opBticahglement/& far apgular, ilbwaingtionnitaFan FHGHE gl Fircular

¢ BRIt e | b e Ve FptiAL Sgmant 45 BRkbIR Al Gpination
L R R T o
ORSufBky G SRR Lo i Bikert i ToRAS | i Shtensity

- o TaRBB o stichliSiepe e R SRl EBbrelphea lighhbeam

e st HeplBhr she | RRRLYBORPUERE Ybment fop, gjroutar
V"ﬁ‘ﬁﬂnﬁnﬁ@i«%@ rf@ﬁtysv | r&géiﬁ%kl?ﬁgﬁggtﬂgom%tar&ﬂq slh%pfz' gcentered

appropri a racter 'S S€
. g el .
aefound B BRHLANaER'ARS fob BdmIE2b e Rntieiee surface of the

'Oirﬂtljfégﬂ))( irfg;'% r%S}e }gﬁs 13T €881 Ptul© theREEFEMryoREhP ource 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 10a a plane of which faces the FP06-0456-00

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
canbdified Hipeinstions efviraces fatms.| i ght  source si de,

in order fromthe |light source side. Then the )

r §0046] i Fae cami¢alc exision: IsgsteoncHY ds commpased hefha Sirst prism
the first prismmenber 10a and the refracting surface

ofrnf:r.n:bea.r peaw ebwhieh pacesithe dight sovner pidesandig refracting
10b are forned,in ch co enentary shapes, as

t csus LcPba ConCaYE Conig] Sixepéro \;frﬁm Facestthemaask sides and a

first prism nmenber and t he cqond, pri

1@@cp§3am%ng@am rbﬁm@v&@p@ of Wﬁlgch %@cqsp ecmagﬁaszdg and a

ary the d| tance between { refrac g surf
A R @ 7 CRRVER Al Epape fife h}?&l $aves the light

Comke SR o oo Bog e Jig.Srce: side ey hegefracting
Chs Flhe e A B R 0

Elr ﬁﬁlﬁg %&‘ae‘fqig % %%‘gch(éﬁg ugl’(aszeﬂﬁ‘oaﬁ]thqb second prism
S%ﬁ%ﬁf&h’ i é??aﬁ%%%?f i, 366h il i idbescy fi e able to
orbd &aCh ShEE "ACMECEEe Ut i ?'ﬁétoﬂﬁﬁﬁlc BRBBRF JPA"AE the

ﬁﬁs%éﬁﬁ“i@ﬂ%@@%@%efé@% ar PUAREGHoTog, Pla e BaBRE ciopticat

|
T A B i o
f etifeas the c%d??cél' g ep(Sf e gg%ft}gr'fisﬂ%ehﬁ)éroﬁﬂ £4d %H?%fracting

racti sur f t he convex conic

Shétﬁ?adéf of fige %6?19853 JiSAD SRHREHT B secdritl 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

guadr upol e shape varies whil e keepi ng constant theFP06-0456-00

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

dithi¢ entside diameter(inadd diameter) ofitls eecmchrgrt kght séurae of

circle circunscribed to the secondary | ight source of
qthelropelae shape er uadaupolersape \(ammu whi &wpmg epngiant the

a C|rcle i nscribed to the secondary i ht sour ce) .

Navidily of the seaandanr light seucensf the am\%@r shapatasi giadrupole

di aneter) and the size (outside 10 dj aneter) of the

s sbapeighglf i ofmdieranse katwegs therentsidesdwpecter and the inside

qguadr upol e shape v [0042] The zoomle 1 has
f@h@ﬁlﬁ%ﬁ of T—Eﬂ namaﬁay S@ﬁpﬁ @Wnll sqmsgchagl difference
e tire shaeoftiz dary g t sou ce ofthe

mva@n asHigyactsr e SRt o, & FBC f‘efégﬁyn@crxménto the

the fo th f the 15 | 11 d
flsg%’ %’Y nigﬁ& %‘Bﬁﬁe p?f: zoo%dg %ﬁ)qj@nlds 2 ?%‘f&e(mﬁde
SAB8E<B LGSR e R GHBLAT o

Wit w@gb@w A B R
e e 33@&%%&: A e o

Z%ﬁgvﬁélstsﬁgpéﬁf%&! ?2‘7%& side dianetor) of the

o J00PanRhe’ by TS °FL thad I BRPHGR, of NIy enlarging or
B SRR L é@?o@\?u"f@%f]f@lﬁ il
{ BRaBe N ApldribSTe ;}fa;,%sd'eye SEHnble, WiEePRid F3talABhfth 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
Shape or quadrupole shape, through the action of the zoom lens 11. In
this manner, the annular ratio and size (outside diameter) of the
secondary light source of the annular shape or quadrupole shape can be
controlled by the actions of the conical axicon system 10 and the zoom
lens 11.

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

14a disposed in the optical path between the micro fly's 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
uggol ari zed state) is detected on an as-needed basi s,
b

edcorslensee apical tsystemed 6} tansly hakea gangtionaof aetecting a
monitor 14.- [0044] Fig. 2.is a drawing schematical l
s podamzation istater mCl‘antf light %o ithis beam splitten 14a. oin other
state neasuring section in Fig. 1. In the. present
e prdsravhether then lwminatony .hg%,t torbewaads Mi(age ths wafer W
hol di he, waf Wi vided with the, )
0 S et pol s Picheisar angert
Sl s e I REE Bsed
o Wi, iR Bt by 6% aolation MERIor W-th the
f f th f T f W i .
g AL N S
PR a8l ot b At dopi s BoAv s SEtiep Rl In the
nb 40 ¢ ls th h | 14 nat | I .
perot sphORESet oY SROEh i 2 % Wity e s oy holding
' I.S:, I d flecti .
8 s W3S pro Rl Wishihe RIS eglot e hns g egion 18
| ‘] b | 4 bt he. rel

368 ebeswing then BRRTAILTE 85758 AR T, @posure

hah i . . .
o) 1 % RaBATE PThe BBl RRRid kPt Asuring sction 18 has
0 :
t D ERIE mERRER R ol AR76S 1, AL AP JBbated on o Level
{ woni : : . ‘
R S Sty W Ther WA W s refracted
bt Beldptical P#E dikengRideC I R¥ PolarFtion 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] Wen the degree of FP{06-0456-00

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
oandieesettarett forseitingareangle of rotationarouddibagipsieal axis is
CCD 46. Therefore, the polarization state nmeasuring
seennerteddodhe guatteriveaxaplate #dn in the Iight
intensity distribution_on the _ detectiyve surface_46a

46} When tlae degrepuef pelangafonyphthe Yinmimatian light fer the
optical_axis by neans of the setter, 47, and is thys .
abvafer Wnisadet  an thas ponfiguration; she quisipranave pLiate 44 1s
pol ari S3 about

" restsd GrORA the |pHoL PR Vimghe Fotien #hedias dor 1o a light
g T L
N
N
RN A8 IR, BRCOPBAALIA. I fround
¢ tuE BBHkR B8ty A Al P A Bt b gffegoure 2
! Rl dhte WarBihr BOLERRRE: B SoRK bRPfl Ry, S
S S e TBTRHE FGafibiion HEH Rl thRklied feBl by the
R coh PR EHRE Dol o' Zact on st at e measur i ng
ST TR, FoRs Coptsamebinuel b PR, 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—dimensibnally

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 46&FPM6-0456-00

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
pHebe IMhatever gphasee shiftern is arseds oih tshaespsdacyl ipadaiect the
in order to neasure the_ polarization state of, |ight,

i variationeirnt ghe light ketensiyadistrehution oni die defegtivg|surfase 46a
present enbodi nent is arran%ed to rotate the | .
quBrateleaghdeur ghideeeni sstatesa iphgzamles byrchanging thgerelative
optical axigs, but it is also possible 10 to adopt a _ .

c mi@ af%zmciﬂiwmléalramﬁ ie&wrﬂanitﬁ%phaﬁe mrsqa}do ﬁxeepolamzer

RS U8 AL OSRALE P or
P RlitiaS ronh fas GRF Al B, b Prior ta Eesgs the Ralfdzation state
S D 08 0y ST e g 5 L

" HolobT e pissehe R BidiFEint RYaing GE £ yrSfhe (g "dtidter-wave
POAl 44 doBadt ShifREAODRS BF St Afis, bl itis plsp gossible
¢ roCAGortiR YRR HngRl o sl tin bet| selfler 45 as 2

: olafzEF 4 ?8&#&9 a?&H(f %%1/64 opitieal na%ld %P?réoﬂiéggﬁﬂn wherein

e neasurenent Tesult € polarization
et R FREEEARG e DolAAITARCE MiaRATENoRIM thprical
nacaSea HeE i Speicrh Gt MAEH (PUS} Bpfrlon, gne or

?fbétﬁeof Me“ﬁﬁa‘l‘?éﬂ—%vlaitpﬂﬁlte 4?-|4“&S_ F Receuaahel ﬁnﬂelﬁégg(ﬂgrizaﬁon

n any case 25 where the polarization state vari

b%ﬁ%g%e?% 84 HolaAkEC AMay BETREARM in Gnd/or RttRAK from
than the reflecting mrror, the nmeasurenent 22

the optical path.

[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

il1um nation Iight can be accurately neasured. [00¥H06-0456-00

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
illTumnation light for the wafer Wand to determ ne
whestiercathelso | lgen' empensatedhfor sni thensamper opringreand the
pol arization state in_the pupil. The above-descri bed
epplanization shtsefiilumingsion hghtican hewaesteatalyt measured.

pol arjzatign state measuring section 18 could be

al¥@eHedrs desqibaganbove.dhgqeolarzation staesmgasuing serden 18
el 5 e TS i o S e hnotanehen in te
VOB el nahan L, 7o S et
o D6 il miatins HeDb At WAL SRATBBHAHG RO NI AR ORS giccisbthe pupil
SRR AoSRE bbb Vb e RoRBBRRR G heren the
CORER ARG SR SIS FRL 08 T e ot
CSRER oo AL, b Fidyon: Pl HRSuBREdsstign 48 may be
P PRRaBB R b Hele W of BAY s Brssiiled 588 another
¢ S e U Qb st LB S0e o ebiat fon prism
STOQRPFIETS R o AffufiaY SRmBScANP SIfovtingOtBhfieurations for
&ggcﬁ %cfocﬁe_ve&gﬂlg 128 RIFTeR A NRIchrdi: ngfaﬂre;@esem

ge section apes supplenentary (conpl e

t @nessdinidier InFiHd r%éﬁﬁg leem Bﬁirﬁénﬁré’a?é}?'dfoﬂ{eaggétc variable

axi s of the plane-para plate 2138 I's set to

P ghg@@ Hiffebaicd ?nérﬁﬁeg gyﬁhal {HRISSVHE vaxaslOpHale difference

evi ation prisms
member 4 is constructed as a Soleil compensator shown in Fig. 3 (a), or

as a Babinet compensator shown in Fig. 3 (b). The Soleil compensator
shown in Fig. 3 (a) is composed of a plane-parallel plate 21a, and a pair
of deviation prisms 21b and 21c in order from the entrance side of light.
[0053] Here the plane-parallel plate 21a, first deviation prism 21b, and
second deviation prism 21c are made of rock crystal as a birefringent
crystal material. The first deviation prism 21b and the second
deviation prism 2lc have their respective wedge sectional shapes
supplementary (complementary) to each other. Furthermore, 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 atRp$-0456-00

prism 21lc 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
oRdbsard] 2lopes thereof and the YZ plane. The Sol ei
conpensator (2la-21c) shown in Fig. 3 (a) variably .
yi[gBﬂé] A cdnginghtmpaas (it shoemde et weemicratngtant head is
l'ight and energing |ight according to the relative o
pastanigedstoonovadhe ifirst deviation pison2 I aadhthe seaoad dewiation
second devi ation prism 21lc, w thout _dependence on the

i Eiste e pdative da esich pdier alppgsbe Oddiression, mar tohmeve the

t Babi net conpensator shown in Fjg. 3 (b). is .

c baéula&mnapmms% ﬂa éodatgp cﬁecgndgiﬂvmpra paism ddegiiptive to
deviatiogn prism 22b in_qrder fromthe entrance sid

ofeaf gﬂ&.erl-%lP@gt elineraf pterseqtioh bpswsensﬁhezgﬂpaﬁﬁ slopes

I AR T I

R, o PR R PO s SR GaT BT den
1o IR PP BB a8 B the i
CERSHTAoRE  152, S8 B ch A P

aetPsbiEnce bR lLRAAAEEF sBRUER 6F e’ ot ner "l ong < ne

VOPRE Qg i hAIR GhE bl BB b el BTERES )

o5BSEuaB GRS Bk R ARG 2R BF HSBBOh MY SPRF s

(223 irf ShderS AV th drtthned &k offight. 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

i ght according to the relative positions of the fiFEXI6-0456-00

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 enpodi nent adopts the follow ng prelimnary
adjatieblenyteldef ar subsiantially osonstant xphase edidigrenes ubgtween
the first, variable phase difference nenber 3 is
silmeident Ngbk aad; emgegiagr bghhaceordieg taithegielatiee positions of

yi el ded between inpcident |ight and energing |ight,_ and

i $he %lr erialan ¥R 22 and %mg@qm deyiation pristagiah though
tQo a quarter of th wavel ength k of light, i,.e., s

{ RS $0TReWAL dependan) @?Ihﬂéf‘eﬂtﬁléﬁlé?eeﬁeém%ﬂ%gghg along the
a%;ar atelﬁ function as a quarter-wave plate.

STIEENPN.  pef ore nounted on the exposure appar at us,

T LD ST, VR Gy B rtmine
AT, T o o W
0 AR, T i) ARSI B 0
A
£ GHLERER S "R The pAL ifrERe T £ 80T BEARY of the
AU PR 758 BN e s
PaRLEbEn3Toah abbitdiehPARRALI B of GASUEWNE late, | Similarly,
NS SIEED ) 1 RIS ST
axdiffefehcel ﬁeﬁefb;q;ref?% ngg;télfeckbﬂ% bl tﬁepélga%% difference

difference guarter-wave plate

r gfiglidel! betdfdeangRidaHt Mgl ANE enddrging 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 plate each are positioned at their respective predetermined
locations in the optical path between the shaping optical system 2 and
the depolarizer S and are set so as to be integrally rotatable around the
optical axis AX. In this manner, the first variable phase difference

member 3 as a quarter-wave plate is rotatably arranged around the
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FP06- 0456-00 optical axis AX and converts incident
elliptically polarized light into linearly polarized

l'ight. The second vari abl e phase difference nenber FP06-0456-00

as a half-wave plate is rotatably arranged around the

optical axis AX and changes the polarization

direction of incident linearly polarized 5 light.

[0059] On_ the other hand, the depolarizer 5is

copticaliaxizd A and iconegrtal incpdant relliptieatlyypolarizedolight into

crystal deviation prismand a fluorite deviation

ptinsarly polerized dighéyi diieoseconidsvgrialileyphge diffgpence member

conpl enentary to each other, which are not shown in

t heasd halinyavarplate iseatatably ermanges: osngoths oplaealiards AX

i1lym nation opti pat h. Concerni ng the detai

cendi ghangasothe g ﬁa@zatmn stireattony e omeadont, ?@early polarized

r ference can be made, for exanple, to Internationa
f.cation No. W2004/051717. [0060] Wen the |ight

o&%@ R @ﬁh%ﬁ"aﬁéswgfe é&lﬁ%@h 33%0'51%‘%@@3%“ an integral
Sy SR R D
'v'a?ﬁﬁil(ér éare' Haof Gt loBedge IwsScrompunentary to

AT o e 6 65 i T A o 1
t | Peirddthble ¥R ﬁi’f"e A fRgti o ObBEET ST daShedtnidE the detailed
'8?#5?@1?% idnl a8 Rfiof ik shotinoirier. #‘%ﬁ&&gﬁégt‘-‘%@ by made, for
O BBIAE! £ Rt PBLBGRLich NIFARIO Rk 1399, |1

agre P-polari zatl on ane or s-

I I . . . _
PN Bl N AT
lig Bﬂ'cé %r'tﬁ%' ASPt RV {448y gfe%ﬁto:%(ﬁircée } Nedfittbd Srom
right-angle prism the Inci t Tight’ o i ptic

Pohald Bahi Qrbss SAILENY st PoldiLAId de@e 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
vaolatized pight enditlid Gneady pulatizeddight & paidedviovthe second
plate is set at a required angular position around

t Wariable phase diSerenosi memberpdcby tsstiimg thedirsewariable phase
l'inearly polarized Iight, whereby the incident |ight
ofdifferrnige membarzhas erduartercwave plale atra pradeteraningd angular
pol arized light having the polarization direction 10 _ .
alPSsHien garsungy tg¢ r eptealn axky KX i withuiregpect otq Hee incident

Cafeay polagard WiEht  nburhBanare.vtie sepend neshalilg phase
LB Erce masnbe cas Bihaltras DA Rt Aloh Taquired angular
PRositier abhind thi GPictia S AR MiFasPht to FROTeidddinearly
| weliriet SR uhCdtly, 3R Ltidsyr RENE Lok dinsBe ppefarifbion is
O BREk B SE3) p PR ighe a5 1308h direction
| o Y dsARARH RN B4 T is ARgeiRE 3he HePBIAAE S, or directly

MRARRE dfﬁf&ti‘%céﬁfﬁvhe?‘%{%ﬁﬁ{ by 20 to the diffractive

optical el ement hange in the polarization

di : 3 Lari . . )

(10853) SWpch BB P RORLLIA R ALl optica
. i nat ,

| BB LR, O A" AR 08 0Bl bl R ALY Unguler

3;@;55%n WRYEn P 8}3&83 aﬁg ﬁz_ mgfbgpééf 1P R Jinearly

erence nenber as a ate each are

atpd1hgz6d f@ﬁ%,eeggi el AR oPBsédr HI8ri2aA8ARYs (BBverted into

optical axis
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 enmentFP®6-0456-00

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 predetern ned angul ar positions around the
optXc dineaxlyspaberiaed lighh havengidpol polarization i dir¢ction tadong a
in the, illumnation optical path and set at the

ptesized disastioneanubemads incident o thendifiretivptaptical element
axis AX Ilight,in an uppol arized state can, be nmade

i fei dWhery Biq Bisstvariphle phasesliiicsencst smmbens 3 ap a quarter-
[0064] In other words, the polarizatjon state switch

( 3¢5 plateand the seeand ¥ATEblE plaserdifierense meankeryd ag jgchalf-
incident light to the diffractive, ogtical elengnt 6

( SRR alate f%ct’ltﬁ}'ep?ﬂt&ti the prsdletarmiacdrangitlar pgsitians around

| 3 DN 5 b Wheh oihe SRPOKBUSA: i tavariad in the
LSO B R B Bt siion
T
oI igRALt i QR v BERBRCREMRRE (S "8 1 or var i abl y

IO Afik oS et bblaEANRE ST TaRSis able to
340 OSSN B 1 R R e
gloﬁﬁ%aﬁ.rﬂelgq{éﬁ% hg! eVeﬁﬁgﬁl | e go%ﬁzteﬁ{cﬁ{;tstééo Bt lrrl‘%t light to

onventi on echnol og f produci ng wave p

s m&ﬁﬁ%%@e%@gk NI %?%%h@' for mg{&ﬁeﬁf@ WRAKE: g\bgatgfzation

froma e rock crystal p éref ore,

LB ) SO s IO EOF W HREaPBoIESatin
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 varjable
phase difference members (3, 4) for variably yielding the phase
difference between incident light and emerging light like the Soleil
compensator 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 funct EP06-0456-00

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,
widewidtigghprisms) copstigihgodicayvarzable phase ati Heraicetmembers (3,
substantive_ influence of manufacturing error of the,

opi dey eanchemsed after adiusied zagh seoap tcaemurptaly ifigction as a
optical nmenbers (3, 4) functionin as wave plates. As

a quasiertwaveplass pad @wsa balfavayeplate- Ws) of the 10

pr nt _enbodi nent ig_able {o perform good exposur
10866 T heg epringt dlyminaiiomt ppHcalo fpparaHs (Eil7g of the

o RSB A BBl e M & e o b
AU 1", S Rl i
N
TaTA A 2 Il 5 B BRANES Soprnin
g BB MR S 8 R el (634815 e
R e R
omRBrSate, A ERRBAT R tioh, Susifle, 1hE, ARG opical
pps Y TATERY, 86 ARhisdRtils FOR Mihel 8 ML bty 10 be
géllgﬁhig?‘t;éﬂt, Wth ﬁgﬁ%ﬁﬁ‘%ieﬁié‘gﬂ J%I?zﬁﬂéﬁéﬁéfa‘ﬁ@ve plate and

-wave pFate, bas e neasurenent 25

Ir gﬁ?éﬂilﬁi thB %b%%'eadésé‘?i?ta 6%@%&6@5&@&?&%% mémbers

| so possible pt a con uration erern

tt8, ¥RpbicaiRrpoRted th tRERARM AR Spicaldthth 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
VariaBIe 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 asFP#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 &4 afteadjukteddol Anickieni ancusatel e aseapuriongvaee plasa and as
18, to control the relative p03|t|ons bet ween t he

opthal kiwave plate are Jvather posewely2fingly adjusted sarasatn permit
phase di fference nenbers (3, 4), and to_adjust the _-
pHs Basly M @p énsart; a%mtm.ﬂ mated andoihaisgthgswater W to be

0 that .the polarization

deferenC ﬂ%%tﬁlgrvg’%p@wlmga@zawg@y %e%urface ht 0
06 I

aﬁ%(b@]dgéi}?é s 50281—?@”5 X f%%?a%i@ﬁﬁfeﬁv mfnqafs,ufement
! St febne bl f%ﬂﬁ%ﬂ?%ﬂﬁg@) iiqn 4 da qentrol the
e S B B TR ol AR A S 220)
¢ EhE o RaBE b b%?%ﬁlﬁ'erﬁrg%?ﬁ’ieﬁgrse@.@ 15 Tiadinst the phase
o EPERRCERmEuRA 2o ReBRPLt BRt BlefindefieniBes 13, 9) so
PR e hotRitdrioR gnsn@'ﬁefﬁﬁ R MR s, RATEWER s surface

c%ﬁo QH{m, ngfécfﬁ%c%?ﬁgs X%Fﬁgggs%ﬁgt' cal rotating

e varra ical rotator unit shown

a@ cor%q Ir'? Ehght%ﬁo\’rer H@?&r?pt‘?(%, %ﬁ ﬁEer e %:nflzfortnmg the

€ presen ["0ca
f
B S B NG o BIRETS f f,bo,

t
e

i g;hgggnﬁgﬂ?%@feﬁeﬁggqegg (3 aya Hat R ARideCE! a BiteFrift¥ehs crystal
material, e.g., magnesium fluoride or calcite.
[0070] Fig. 5 is a drawing schematically showing a configuration of the
variable optical rotator unit (the variable polarization rotating unit)
according to the present embodiment. Fig. 6 is a drawing
schematically showing a configuration of each variable optical rotating
member forming the variable optical rotator unit shown in Fig. 5. The
variable optical rotator unit 12 according to the present embodiment is
located immediately before the micro fly's eye lens 13, i.e., on or near
the pupil of the illumination optical system (2-17). Therefore, in the

case of the annular illumination, a light beam having a nearly annular

cross section around the optical axis AX is incident to the variable
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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 rotatingFP06-0456-00

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

varlable o?t|cal rotating nenber 12a-12h has a

coptisal rafpter wutddr shape obtained by equal |y ,
d|V|d|n t he annul ar reglon around the optical axis AX .
i 1087 1]9%5 Hh 1siferenge dpehta. oY, thegwereble apucalhegtatorvenit 12 is
t he same fupdapental.  configquration. With reference to
FegMERsedLlei Vaﬁﬂbleowﬁlﬁaglfowﬂﬁmﬂjn bersrkdmdi2b; 126, 124,

1 con‘p of a |r of deyiation prisngs 23a
ﬁ?ezigf Soabd aaoag aaﬁlr@pamémn tialy dreeiion of a

W|thot| acti vi rot oIa

Kok (e ettqdc)arow%yﬁbfe Pk s AW o EaRh oy riablea gpticel
and, the sec n pris 3b have th

"Mt DB 2k Bhs 'sﬂﬁ%%g %%ﬁpie&wng%qgﬁ phtained by

ed so that,t

i?e&i‘l? @B’H e 6 B PRg oy piatiie RS omgieab, i, A, into
SR AR b TS e
softieBRin. o with ekinds HoiBE! ' dash \ gtk TufFl dtating
RSEuRE 124t Pl é I%O?&é e ﬂ%@%icﬂﬁeq@%t%@? pERER; %R dnd 23b
AL, o 900 s SR BB FiACOBREN ALY (tar
2?@% Ii]é}?cﬁ%‘ae%gﬁ:ﬁl ation prism23b relative to

er along a ne of intersection between their

gpg?g& 'Fﬂ% E?%t A ggflattf&% Psa1©3aN5hy %Qgsééb‘gﬁdo HE{IPcﬁioq prism

Int I's way, each varia

r 93y hage "BRENCked@tilehw ec':t'ibﬁ:ellgshaeiae‘éa&bﬁﬁﬂé{mentary to

yields a polarization rotaftihion angle to“incid
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 parallel to the optical axis AX (i.e., parallel
to the Y-direction). A driving means (not shown), e.g., a micrometer
head is arranged to move the first deviation prism 23a and the second
deviation prism 23b relative to each other along the radial direction of
the circle centered around the .optical axis AX, or to move the first
deviation prism 23a and the second deviation prism 23b relative to each
other along a line of intersection between their opposed slopes and the
plane including the optical axis AX.

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

shown in Fig. 6 variably yields a polarization rotation angle to incident
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FP06- 0456-00 linearly polarized light, according to
the relative positions of the first deviation prism

23a and the second devi ation prism 23b. The opti calFP06-0456-00

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

reference to Fig. 7. Wth reference to Fig. 7, an 5
optical nenber 100 of a plane-parallel plate shape
miicheadly polaxizedybght, acantding toghe relathiec kosi$ions oF the first
| ocated so that its crystallographic axis agrees with

t ldevigitare prisaxi2dasmnd the seeend dewiatiane poism a§b. mehti optical
100 _ rotates the polarization direction_of incident .

| egtHyy(re@ry poladzatiem chagacterisfroofrackecrygtal ouill bgibgiefly
AX and th merging light is _in the O-rotated 10 _,
stigseribed zﬁiﬁﬁ WHB tshercase tadiigviZt y With refemngecta Fig. 7, an

AL v R R TICRTEOHCE REETE
PR A N —
el opfe SBHAR., RCRG: A58 ARChA TPl 100
R o e LB et it b
S e B SRR Bh, 2 BBt 958 rotated
RS B BRI SRR

o obfLA TR BS6¢ s BBF 5 F  p BRBAfrecion
24RO Hratey ShAgh anel ooy ity BpHtEY SERER" o the optical
SS90 K S, ByoLs TaFBEk g S0l

S BBl PO B P O b 5T ek By
present geakpgi ment, the vggy able 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 IL," 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 afiR(6-0456-00

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
haotating temipersaldar and d2edoppessdbwith vespest 6o the tapsical axis
resulting from+90 rotation of the Z-direction_around

t HeXvargxarsangedeas fallows: the redativeapadivans lof thaifirst deviation
case, therefore, the polarization_ direction of |ight
besisin phissiangd the seeand sleyiationfpriwnt 3b rasgi yhset dhat when
arcuate regions)_ 3la and 3le forned by light,K 10 beans
slimeatly pelariredolight iaving dhe mpladzaban olifeqiion glong|the Z-

S rsstion, s gilord dlFRos e ALY ey Dolariacd Raht having
i BoLariaiom dieatioB oS deRioh sspdting BoThAS0" rotation
191 46E 4 iRetion RGN KhE N A6 hencHORE Kap e dieRHaN: ndn this
© b o Bt HRghaR (o i 2Bigdy) 1A A g bR by light
P b0 ol 3 oA Btaftel pFBh oPF HE°HiaBR optical
! Pt g usfbgS AN 1Bt it B hARu LT b B T, s6ree 31
f%&ﬁﬁﬁgg%@rﬁm&ﬁ_gﬁ?&ig larization direction of

passing ough’ a pair of sector regions

o T R B o o i
' : d fopal By :
r%%é&gtdﬁl‘f@ ?ﬁ&c&a@&%&mﬁ Fb&r%ﬁ&e&%“i@%o@%?‘%ﬁg Y eNative

—

lig sour ce . I's th Irection
r ﬁﬁjﬁﬁéﬁ’é}of AR AveaPdh PRisHi 28A%nd the Se@bhH URVIARSA Prism
the Y-axis. 33

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
shoWn in Fig. 8, is the direction resulting from -45° rotation of the Z-

direction around the Y-axis.
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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 at EP§6-0456-00

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 heg7®uT et variaekr bpticabiratating meémberhdvicngndhé2g opposed
pol ari zation direction along a direction resulting .

f mdth raspect to she optical axis aresrrangedasuiodlonyss the relative
Y-axis, i.e., _along the Z-direction. In this cagse, .

t pesisianseyf thedirsbdaviation prisian 23% endthe second devissiomsprism
passi ng through a pair of sector re?i ons 3lc and 31lg. .
183boreee 8 thaymhepelingardy modarized Iight hgping the polarization
rotating action of the . variable optical rotating

messtigniglenghe14ylireqiiomes meideay thaekhdiey owtpyhdinearly
Rl etk b o Bt 4558 Lo Bhcion
orbaias e 41 Fihaotaed pETuR PodireqaOncEpRna b Garis i
bl 525 0500 TR 738 G RFeR S RAHBRRR aircton
o e P BB SO e SESHLE B0 A8 w9 1
o orhed "By SR bRBNCSubIEEnIS; Risnonisdl gRsifeh Stiamof the
HEHERY bBleRRRing MenlbBid Fro ldiad 3h tnf Bfiular spgondary
P SEbaByse  eOpR e &S ZOTRAGT ol Totaring

44079, T VEEHPIS SR AP BolaRe ERHSRY 12IEHAEY 3282 pposed

S W ir(e)é cE'td thé ?ﬁélﬁai hgidiane %gé %Prah%galt E;]Sieﬂ&(gvilé’fgt’:hﬁdi%laﬁve

of the rection arou

rota
E g)?)gﬁloﬁtodﬁ%%ﬁ? %V?&k%ﬁ)f?pritsﬁ?23§'éhﬁ%§ seBbhd ft‘ieviatipn prism

tor unit
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 FP06-0456-00

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,
prcohstitiiey alpelarizationr epnwértinge eleadent disposedfon g near the
effective region of the varjable optical _rotator unit

1 2 lumdnataon igppid plane cand rastaptest \fop ssanverting othge polayization
[ ngenent_ normal__circular illumnatign w thout .
r Statacer nacidest Jightaite adpredstarmiped pelagigationostatem It is
the optical path. The center region 12 10 nmay be made )
omofer ghati thg present embogimgst is Bm\rléaﬁ Wﬁﬁaﬁ eeytepaaeion 12

st gheng L Sl 8 e, ety 1
SRt TR o SSRGS B opica
PLSEARS T TR O RO B A St
S S i P
SO S 0 BB | b o 1
Y b Tna P o EORER Ae B P RpOi PGS Aol B, e,
SR8 PPy bESLHB, RERIRAILES, s Mot
4 S S BR3P 0 B8P, e o e
PRl ity oo Lens 13, end Ll an beam

SLODSF| B8 R i CURBGAIL, ROS4pRS SR Sl vaion

1?{azi‘1ﬁuﬂﬁﬁspcﬂhﬁ2b}ﬁéﬁ)" aihtflr ARAIAR P8fsha5 Silluiation in
| i'ght beans passing through the 35

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. 8,
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 3la-3lh
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 31
ar@pectivooszron wegioaspd baSih @nnataimm the anmdar ispeendary
above, the annul ar seconda ht source

(lightisonzes 3d wepin adliseay p@q 10311 state twith the polarization
circunferential polarizatjon sta e be forned,

witrestion sappyoxinataly eragideat cul fa|cg§%ctmn Qo itangenti to a

l'igh by the opti rot.atjng, a f 10 the
vﬁlrrpgop%ﬂf@&‘f amurrcﬁazﬁ thlﬁﬁ‘ XL rﬁtttg‘é center position along
C|rcu.m‘er tla.l Iarlza annul ar ., |Il3.gg tion

Hheairenmige ety rﬁ%QtSeGFPf rﬁgb@m -but i on
pf@@ @a%@ﬁ;“‘a%a%a pBRlrSehE s ARsRroRd: b B annular
o “m%ifveiﬁ&bioﬁwepiﬂﬁfrbﬁ%h‘%ﬂeﬁﬁﬁ SibTfee) 3% e
hg&ﬁhﬁ{ fetlah ProlSurioh PSSy e ol Biseh ‘WithP supstantive
mﬁégﬁneeﬁzb?ﬁpﬁ' H GwBbely e G’ b&pt?lﬁ it doldiibe action of
4R aripid Fﬁté@%h%ﬁa%sfudlﬂEfzdi%St’ﬂ.esé%c%ﬁgen%ﬁ@ﬁﬁlaﬂqzatlon
caobls YRt el o et MBI B G gbucon
Ofp Ee&r Hé%ti&;l arizBGbH a5t tRe" Bt ipﬁ'ojéb?ed onto the

boun ary surface a e arrlva pdl nt a

r r GLEEE Wihh Hopl SHERGE B1bd MAuniditbd i % polifration state in
f

o e oF” H"ﬁiﬁ RASpopef 39 felarbell BEMRNC Fh Spoturized

Syﬁﬁpat inet n lﬁi/i'zgéshgltmzﬁﬂng qhé mem d¥ectid@ along a

the wafer (photosensitive substrate)
dit&e@ny noshateto e plane of incidence (polarized llght 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 a result, the circumferential polarization annular illumination
improves the optical performance (depth of focus or the like) of the
projection optical system PL and provides a high-contrast image of the

mask pattern on the wafer (photosensitive substrate) W. Namely, since
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FP06- 0456- 00 the exposure apparatus of the present
enbodi nent uses the illumnation optical apparatus

capabl e of forming the annular illum nation pupil FP06-0456-00

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 Ithereixpasitmappardtus ohthe poseht medthn'm‘ESlsﬁs the illumination

enbodi ment, the apparatus is arranged to | ement

r afitical pappasram capaklanaf aformmgntheatamule(rot umwhation pupil

illumnation in which Iight beans passing through the

ardhsfrirutinst olitlathe | cigpamderanital 1 podarizatios estate avhile well

r adi al polarlzﬁlon state), émaklng linearly

pGURPTOSiNg %J SSt %uametyp@f ghhd;hﬁdmcaps@nmmﬂmrc@n be

the X-direction i g@g varj abl e opti cal

rGf?é%S&‘ITG gcoura PUBhPS andext A nappropriate
te SW t 3-5) and by settlngthellght beans
EFTH&a 199@9@%11‘[11% annul ar secondary |ight source 32

r.adi olarlzatlon state as shown .in 15 Fi

9T0b§31r¥er 8 rreﬁ%n Pmbadigient, 408 apPaRtuge Shsarmihged to

paSSI thro . es ectlve ector re ns .3

P SRSHIF s ra o PolAtON SoRUAG ATttt (s Mhgination

ar.e i l.in ol ari.zat i o te with the

odfavfich heht Siafeearfe &hﬁ el sty lightpource
dial direc of ja.-circle ent ere

ot B b it FhbadiE] PPJP&%@&H%F%%& S Gk e pejarized

| [qs | .

Ji\é’lﬁﬁmﬁég@a@#@%&%ﬁaﬁéﬁ@@ﬁ&?ﬁ%éﬁdgfﬁ%ﬁﬂﬁ[}ngwem to the

t . a 1)
o AR el et %%PZHZ B%Ft%#% by ST pOTfilon state

besqjlﬁltt?lg&?n téergﬁb?ge ?tr%ﬁg pol , &n % \%haﬁ‘ﬁe bfhular
t 'B%cﬁﬁiifﬂ@}'e Itg%%ﬁﬁ!? 80 i $hé rﬁﬂieﬂr c}?;lﬁﬂz%ﬁoh'ﬁgﬁel ad *gﬁown in

p- pol a erein is I'inear polarize

hq»ign 96} hg thRQadl lé;ﬁﬂhﬁ?aﬂbﬁ %ga’té Ofght L Bfind PASERG! § ‘dhﬁ’Bugh the

par to the I nci dente
respective sector reglons 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 cdmponent 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 &P06-0456-00

result, the radial polarization annular illum nation

enabl es the apparatus to obtain a good nask pattern

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

a defimedsas dpptiibed tabovie(ivas polanzedolight winesed elachitic ywector
the Applicant of the present application proposed the

f olibrafgnin thendirectien perallal de the planeof incidenes)natAsaaesult,
Publ i cation = No. W2005/076045: plural types of rock
citheradiall poleeizasipnn gnnolaruilbamnination s the apparatus to
thi cknesses al ong the transm ssion directign of |ight .
(10BkYON S | 8Pathemapki Patterki ¥nage coni g weterar(photesensitive
as optical rQtating..menpers in the cjrcunfereptial
dispbstre ,quge congollipg| ¢ fertance o ight g lyw dewel on a
di sposed .0on, or .near _t i1lum nation pupil plane and

ad& §%@P]&dgbﬂ1?eﬁ’v@f¢¥gﬁ{‘ he pol ari zation state of

L TGD8T raiatblasl e bR B TEd e B ahlif i broposed
?ltt-ﬁg?%h&’?’glg géﬁlgﬁélgr hgll,” O\e/ffe%ﬁlclgss%; ﬁg:ﬂgglgrﬁitgn%:l Ir}gunblication
RS < OIS Fhitel Fyoet) REor: SobSAL Eitles having
! o AR GetaS B L EA6H of g
G0 0850 AR RN i ok Pl od Bicgf rotating
OAREERL L (RS Chronnl RO Mo YRR 81, R oy, Wfrifution
0B B ol O BB PR BRSS! b and

e'aﬂ%@%‘d 'Sy Wﬁﬂ%ﬁ%ﬁﬁ@%ﬁ@ E4tOfofv ﬁ%c}ié@ﬁte light into a

opt | rotating ne or variably yiel™ding
t he@d@h®idd PSlarization 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 member
fails to accurately function because of manufacturing error, it is
infeasible to implement the desired circumferential polarization state,
radial polarization state, and so on.

[0087] In contrast to it, the present embodiment adopts the
configuration wherein the variable optical rotator 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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FPO6- 0456-00 rotation to incident |linearly polarized
light according to the relative positions of the

first deviation prism23a and the second devi ati on FP06-0456-00

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 variable optica

r sotation dei incidentalinbariy spolasizedr light laceardiagl to the relative

optical rotating nenber 12a-12h is adjusted so as to

f ppositions afthe frstldevaatiem poism 238 rsetond ydeafiation prism

the required angle of rotatiaon. [0088] %Pecifically,_

b&Bdx e "Eh@ﬁﬁf@@ avenhwheapteue ds Hopa¢ anaryfaghuring error in the

optical rotation angle by each variable optical .

r pdicahelementy (pais-abdeviation psisms), cernsiiutiag aashe variable

optical rotating nber 12a-12h (eventually, the

r &iPhitcal sotgbsig mempestl dandlh; V@'éahlstqrztwaﬁ rotatonupit 12 can
h nd . devi afion prism 23b) is_adjuyst 0

b ﬁﬂ%tltlsq%eg %1? pagh vagg [q eﬁtigﬂgmat%%@@%bcajl 215 3s adjusted

predet er m.ned.val ue, and then the .variable optical,..

r §PaPdrto1 SURFHen 1%%%?&&%3%99@65% maeTBbEY |10k Wisldipg the

opti cal pat?. er potential configuration is such

t FeguirRd apgls g pgtta Pt cal rotator unit 12 is first

¢ RORSRRSheGi gl "Bpliur: FAAEGA PREUHS rawtiug: Abiotatus, an
D R et otehien e 35 80k ARl SPrBE, i Prg i herden-120
oS elvshEnd. ATy R BParng IR, L 12 (eventually,
o el Bkl Ohs BF Pkt AR Eon BRI apd the second
ool PRI, 2361 s iidied 54 16t BA3 bAEY bl angle
UneeOREEe JpRREAREE Auky SR U PRHaBR, (Rl otator

WLtﬁﬁt a1 B Ut MorpBrdied i e IREEh&ch b@pﬂétga{luﬁhﬂ?t e nother

[1ght inavariety of polarization
potential configuration is such that the variable optical rotator unit 12 is

first incorporated in the illumination optical path, and then the relative
positions of the first deviation prism 23a and the second deviation prism
23b each are adjusted so that each variable optical rotating member 12a-
12h accurately functions, based on the measurement result by the
polarization state measuring section 18.  Still another potential
configuration is such that each variable optical rotating member 12a-
12h is further positively finely adjusted from a state in which it has been
adjusted to function accurately as the variable optical rotator unit 12,
whereby the mask and, therefore, the wafer W as a surface to be

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

perfect circunferential polarization state, or theFP06-0456-00

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,

petites ofsgof a theddjrd ceircuinéenential ( polarizzmion rstatee slightly

variable optical rotator unit 12, and _ to adjust a .

didsfferanttfram the pepfact sirciomferentinl palarizatioy state, or the like).

variable optical rotator unit 12 so that the .

pdPOBP L dn ithis easgs as showmnyin FipahdhesamteollerdsR im asranged to

the wafer Was a surface to be illum pated becones a .

10eeRiverthe measarementorgsult framsthenpalarizaipa state measuring

iIlumnation optical apparatus (1-17) of the . present

e ¥BEAPAE S 19 SORBI0E atdyTYEN ﬁilngil‘é?]hﬂﬁ'&%me IFla4Ve positions of

surface to be illum d, with ljght i.n a desired

o4 oplise ehemaants &1 2aal o ai the yesiehfi PpUCH olion uBo}2, and

manuf acturing error of .eac ptic el enent 1 3

(1022056t " sstPiion: o prticehaotaon griows: By the variable

rotator unit 12. a, result, t.he.exposure.,a rat us

(B PPt areBit dost thatiBg RAARIAF GO RS SR TGS to the

good ,exposur e .under.a ppropriate il]um.nat.i o

CaREsIE NSt b R 5% W RS A Rt B6R t90bF CURRlipRfkd, bggomes a

(1.17) «for. illumnating the mask M set on the surface

t&feﬁgkflﬁ%r}% nated, with light in the desired 20

o : i 0 Y

PR0BDT 34! B LB SRRRAE AFBRFIRL 2T g e

a r

ipAAE o g B et e A0 AufiRe to be

t Labl e [ rataf o j HRED .

I iriﬁgia&rﬂh%%ﬁér i‘@a [ g h;[t a@eaéwi ? ﬁﬁ?‘lﬁ% %g)ll%ﬁ zat o%ﬁg% without

di j a -di j j (L

O SRR of ARSI B aNrbP o %loptical clemert

al@ng-1318 28I TRD fRMinFANE “RIriablk piehal PettunftOl2. 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 radial polarization annular illum nation can alFR9D6-0456-00

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

atourie t Heitgst | tal thisxi thexcincomifierangialo polerizatipterannular
I i@,ﬁht beamin the linear paqlarization state with the
pallamination andithedadm polarigater apnglarddimeinagiongasnalso be
the X-directjon. [0092] In . the above description, the
vampdementsst, ifonexampie.dpy switchingithe vaga I btigal Totator unit
I medi ately before the mcro fly' s_eye lens 13. . .
Hdwebeiweenthe, bt #ala showa ll@ei:lg-né @84 3 sceond statgdn which
variabl e optical . rotator unjt.12  cap, be. general .

! SheraeiablE optnahroiena Bl 12 & Teiried by aregm the optical
optical,, apparatus ,(1-PL), r ampl e, jt be ..
Bkt Ao REBRvRCHY the et Taht SR Jincftie. IREAr Polarization
optical .systemPL, on ok. near the il>af the imagjn
Bk vish iy BotaizaBOn P alitnd Y6 -Sineclige! OF 4l the
c?}giéﬁal taxi con system 10 (on or near the pupil of the
af’ocae g 7). [0093] In the above description, the

L5821 To50h 8yt BASEADHE s  BORER o 02 i
6L SR B S 1000 ATES, However,
S e i ISP i 12
G BB RGPy GLPSTRIAPO X I opia

fg@gl&%egg (1BLP Yor ¥xaf{plbOH m3 WA RichtePBhldiahear the pupil of

s of a sector ape corresponding to

| e FOISSRTPOL Bl oSk T n B pOBICE i magin

MRSHRSS s9Etetn GG IR inSiRBeatERF befieienialshxdceasysfém 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
vaﬁable optical rotator unit 12 can also be composed, for example, of
eight variable optical rotating members of a sector shape corresponding
to eight segments of a circular effective region, or of four variable
optical rotating members of a sector shape corresponding to four

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

optical rotating members of a sector shape corresponding to sixteen
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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 thEP06-0456-00

effective region of the variable optical rotator unit

12, the nunber of segnents of the effective region

(the nunber of variable optical rotating 5 nenbers),

and so on. [0094] In the above description, each

veegmbhts ofai ciatulaotort ammpilae efilective Zegicih (Nmnélyp aeyariety
the variable optical rotator unit 12) is made of rock

cof snadifidatiosy exampleshoan Beaeonterplabed lasnict dze shape of the
this, each variable optical rotating nmenber can also
beffretive aeginmofidheapanalpei epticalpratatar umit rﬂa?l,eﬁheanumber of
wth an optical rotatory power. In this case, it

peegments of the cffectivaregiondthe numbhearof varable h:&atlcal rotating
optical rotatory power of not |less than 100/ nm for

t membeps), a1d $@08L engt h used. Namely, when an opti cal

mat eri_al used. has smal| optical rotatory power,
t 0Q¥Heby tlh%@bgyar@escn@hoameaphuw om?@f Faigting member

D LSl VoA ARTAL B 5 7D, o ot o

o, e i BSEAE o FSRhed e 8 ye
B c%a?ﬁgf%éﬁl REROH I EE —
Rl SRR RS B B R bt

-ab"v%va?pﬁﬁalo&f' SANRYENLS %ﬂflﬁ%f%ﬁf%tm&&%sﬁ J0tgs than

.-O

St
od et M@% o b1t 380 NERRR, et i

W&i%t%ﬁs% B e, sviaaoﬁéhewfo%ws@zas%eﬂa&s ppcessary
£hE Wifhichng Uik RLUAGa FARABh Sidle, of the f)gfi2utioN direction

enrat I C ng a confi gur ion o
w111 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 FP(6-0456-00

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 illum nation, a |light beam

hahengriable phasedi fatdngeamitihaconding goghe tpresemreanbodiment.
the optical.axis AXis incident to the variable phase
diFher wadebleni phase Iduﬁ'dﬁenmsenﬂf 9 hecoordimg| ¢o the present
illum nation, for exanple, ht |ight beans having
s @gbedment is lqsnatexhparorcn@a“s oup npl@n@miﬂthawefocal lens 7,
optical axis AX are |nC| dent tQ the 10 variabl e phase
dllf-ef ecnes Dean the popal ] the vlluminateni eptiealesystem ¢2-17).
t e octupole jllumnation fo npl.icity of

refiete i1 the gasq opthe appe humm@tIWga light beam havmg a
varlable fyase ifference unit 9 i s, conposed o
v aubstand BE 2 FEQSSREEtinRmserd dhe opicabaxis @énmdent

c.tpcﬁ?ﬁ SR Pl RN 518 Ao P B St octopole
i fiBioationng Eé‘%m%ﬁ %hemei‘ghﬁaééﬁé ki A sebstantielly
8."4’1?%?1%% GeOFk sfdion FBSRHE, obigTER X e IRIAER to the
Co{%@:@ t r S%ﬁ%r%%ncegpﬁﬂg (agh %1 as(,@élj gabl el the case of
¢ 3 B GnpRae i ohJERUBPICTY i iriphofl SQEET’ng
e oﬁﬁﬁéﬁf&%%c%'w% OB PphSL REERAEL e o s
1 STAPRER of !%ﬁr"ﬂ%fpﬁ%?néﬁ? el e e R e R, oo, 9d. 9

ST A P g Sk
Cod'i?ééﬁdﬂ b 2pietRa! folih8hhe REAR] 33id AN deThel Wiriable
e St b

the vari ab erence unit
phase dlfference members 9a-Sh 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., parailel 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

43



10

15

20

25

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#&pP06-0456-00

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

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

pol arization 5 state with the polarization direction
ahnmushebez litiearlyt polarbeech ligght diavingf thee potartfatidne direction
pol ari zation characteristics of the optical nmenbers or

t hlorg the didipastionh by thdectopn ioddhe pelaritasionestate switch (3-5).
second vari abl e phase _difference nenber 4 and the .
vE00% Howewsr, the petasiratiamptate of gbedighti hearss reaching the
specific exanple, as shown in Fig. 11, the circulay , .

| vgrieblsephaseodifferenes vadn? cen deaatgafrpabthe fngaepolarization
di fference.nmenber, 9a in the variable_ p e di.fference
ustate ovithrthe pelarizafismpduectianalongeths %?aa‘ectlon because of
pol ari zat i

B o o Tl e o oo bers o
bk Sodead P B LARPA S e bl
Bt Bl 4 RSt b i e
Sé{;ﬁﬁgqeanéﬁﬂ%sﬁﬁgfea?@r ShEveR R aLls s Sirchis e beam
.he. [ Y fodhe fi devd at i .
(958 A5 I0 8RB0 90 S BRI IR yaiabl
g LOAE A, S ESTRRIE 5 AL CPofin
S f%i%%{j 3§§ﬁ’§t blSEulsr; g PR3, g"ﬁﬁéﬁaﬁ%ggg%ﬁ?%nghase
adifFaferise” Hlerdiiss, 9 Blkol" 16 € i pbREIAFRE State ith the
PR A6 PUBREon SRR A IEH MRS FGH B XiR fon.
P :R@f?OF iTh tR{LRES, TR iatfle | phas! differefcd LAHSD fo‘@Héeﬁresent
angul'ar "positron’around its center axis to convert 44
embodiment is arranged to adjust the relative positions of the first

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

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

a predetermined angular position around its center axis to convert

44



10

15

20

25

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

diineickeno tight @feelliptic polarieatiominto hnedily podamezed light having

the action of the variable phase difference unit 9 as

a thel polarization cbhrectron rajongetlnt Z-ditentisged dn eddieen, the

the illumnnation pupil plane, the polarization state

ofvartaide iphase shfferenget memmbereOh daset vt @ pradsterndieedr angular

pol ari zation state (the 10 linear polarization_ state

wipasitior aeuad dts icenter @&ds iton cenvay imeident dligltc ofohinear

in the specific exanple) and, therefore, .the sk M . .

ariwlarizationf étowlgrearhe” pplaresat léghty havinggrthei poladzation

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

poligagtion akmg the £-diestiprdi dn ﬂms Ananngt, &y g%ua@jﬂon of the
ol ari zation

o1t PhARB U ELHEnSS Tt B GRIABRatIGT: SOPRETUng element
+ ESpsad Oe nerii N R wol Pl 1S elGea oL tate of
s it B e S haiafirm s

o lingag; pelarizafion; stafs onithy the. polafizition i direcipn, Along the Z-
¢ eyt Wi heRHR! ahihler s Merkbores shifiasis Mogng the
SRR EP O . 1llAaliERbE Rl IRSHTIORR 4o RIR Gidyf state
it f Bie SIrcfireRial RolReaion Stare i AAadlACp B Brion state,
o ShePftdar Ao Wats Wit e JRIRZRoh Wl alohg the Z-
| EBLAAD driihelAR) 2P Rlkinal), SviRiHAThNabIe RReifferedt 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 illumination, but the present invention is not limited to this; for

example, the present invention is also applicable similarly to cases of
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FP06- 0456-00 the nmulti-pole illum nations, such as
di pol e and quadrupole illum nations, and the annul ar

illumnation 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

vthie amheltpbake dllaminatioss,unsuctd ias | dipled amd orquadavpole
the pupil plane of the afocal lens 7, but, wthout,
hilliminationss andrtheesnmdar Hiwninatiemso dhabthsepolacization state
general ly on or near the pupil plane of the .

i bf imgident bghbpan belconyertesh Inte adesiredpqlasizatign state by the
variabl e phase difference unit 9 may be 10 arranged fo

baciionr aft tis cvatiahlet phae | QHTPROPEN UBHL i BatS pat Ropwization
| RomFertingelcmeaby | o dhe APV dJICTIFERE, We SuriARYe phase
801 SO\ orlBUgled: o O ot ABF B IPRLREng: O Bicohisgal Lons
e o aF1CBavt Hvins 4B PorlLaIGeh (OHETE. B FaR: Ash, bocated
AREBCIUS RS R E PHBITighe DelifeiliAabion gpyoal system
k97 oS s tF e gt o PBRSe SR Rettc (BUE "6 *may be
{ AEpeetie BenTect b Ko B nion SRR 1o be
ﬁi@%ﬁ?@ﬁ@%ﬁﬂﬁégﬁﬁﬁ°§§ﬁﬁﬁéfESﬁgfiggfggn gzatgeneasuring
TGOS0 by PREERTT R SRR e sy RN l e
QA el S5k SRRy AN bl e th
SefpbR B9, MR AR Pleae e sommEMIo i
A PoldtZatilP Wirdcfiohl Slong: thA0Z-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 further positively finely adjusting each of the variable phase
difference members 9a-%h from a certain adjustment state on the basis
of the measurement result by the polarization state measuring section
18, it also becomes feasible to illuminate the mask M as a surface to be
illuminated and thus the wafer W with light in a greater diversity of
polarization states. In this case, the controller CR adjusts each variable

phase difference member 9a-9h in the variable phase difference unit 9

through the driver DR2 shown in Fig. 1.
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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, with the variable phase differenc&P06-0456-00

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 .
({020Fhilbis absospatisitdettoadoritra combinateonoidhe ivariable optical
pol arization) by the variable optical rotator_ unit .
12otdtar thitsl 2 slsewntindFigabi avithe theh sisgakbier pleasendiéfenenee gnit 9
and the variable optical rotator unit 12 may be L.
arshamgein FigahOadjloi thihgass, dit s poetesablel to contol el elliptical
system (7b, 11) may be interposed between these uni%§
spalapizatiqm rateeef 1ﬁum1ga1@0@ dightoby the avariahde phasesditterence
conjugate with each other, 9103% Fi.g. .12 is.a draw.ng .
sanghBtanchta gortmelihrypal iogudisection (the migdemaxis dircction

vari abl e phase differepce unit .accordin o the .
prisdaatcase mioliiptisal pqrﬂ?mr)émnét}né é@@gafef pBtiea]rotator unit
unij t shown in Fig. .12 is, |lo ed near .t he .

b oht o s Gase, e Sarinble Dhasss SHEsSRCE Ok 9 FU8 1he variable

conj u ce to be,illumpated in t

QTR A1 Bpit Caman Bp rienged 11 ahad QG sfate; fr a relay
Slsiced syhlsm elBerty ) afty b RBTRAREY PRiHEsm LS Tl g that
(dheis e o 2 at7 BprsRen b chilRaprwieath hell

o PREPLHig! 021 "4 gfivibe hboictt, FubuRe ofonfiguration of
ciathe Ve, GARafe, it 3BboRE e \0° the present
G RRPRARenG T e yafiabRl philieatiPi Al BR8P Shown in Fig. 12is
[ lpBHE ntaE (' SraBRd! [0 CLRTCH: OFHRETS POifohBptically
" SOAAGH A HPRLEE 8 8 ARRHBAIA S IR HAMIRKTin optica

(1355akdfs (1-1 7R HOWN 8 MBe ! ¥PGATENTRErefbfe, 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¢c, 19d, 19e,... almost densely arranged in a
rectangular region centered around the optical axis AX. The variable

phase difference members (19a-19e,...) have the same fundamental
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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

"~ variabl e phase difference nenber (19a-19e,...) is

arranged, 5 for exanple, to be rotatable around an

axi s passing the center of the circular contour and
bebniigpeatzon end; spedidicaply; eath asirsabhxX phaae alifference ntember
Y-direction). In an exanple where the mask_M and the

was eongiracted as| airiolatlecomipensatogghawn timeFig.ndata), or as a
pol ari zation state with the polarization direction
alBshineteompensader shownds Eigowr{b)n Fig. 13, all the 10

I iaht beanﬁ incident to the respective variabl e _phase
dilf1@8k

dﬁfcaf@ rstaRde © mgllifglancgme?xbenﬁél%drﬂe?boes azranged,
PGkt ofd e e b SRl Red of
S chDl gty sodbeing pevs]clipube apticahaxuhat (el |ghto the
oNakbebiohlr oht B i s ok NG AR 8 WAL W are
AR LS bl ol TS FRladB SRt e
PoliiA1d 008 50k 5 gerl. ARbhSn WlBIRETE el e
o el et B GIATERS B¢ SERERVES Vot SP] titference
" REFbefs FIOTE, LT PLINE Bardbad s difRrert i "5 hust be
oilricafty. KPS ERATRHE Hanthe (e BRERibn riGidd hg the Z-
| iR B vidie YRIMARLGOR BFSE: Bold IR R B HicARS-5).

S|n_a _nea_rp _arlzalons . _ _ _
FIREOYFNGAEr Bl U DR ZURI0SBLTLE B gf b amisarivARE at he

‘igf“aﬁadt%é‘ phase 2bi fFepcBN st di bf _Qfaﬁ”%‘ew‘iﬁ‘iet £9n0f tId Ilinear
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 19¢ is in a
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 at FR96-0456-00

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.

Also, the relative positions of the first deviation

pithe relatiyeapdsitivassel dnel fust ideviastorppirism 20b aod theesecond
relative positions of the first  deviation prism?22a
adeviatorspusmd? te (Putheorelative positionsafahediist dewiation prism
that the variabl e_phase difference nenber 19e

f 4Ret ppdsthe sepend| gevigtion peism vl gratadjusied] go1that the

Subseguently, .the vari abl hase, di f.f erence nenber 19a

i ya@@gf%pﬁa%e giieerenee mw&gegrlaa@ncbegﬁ erevratelygra iquarter-
center axis as.to gconvert ,.the incident .light of.
eMaVR plaig- pgﬁ%m tharre Ve PesifiPRs & Eﬁe %&sfadwlgaoni Ryfym 21b
havi,ng t he | ari,zation. direction al the ..

2286 Bersesahd deviaion Paism 2ig (of 4he P8 verpasitions of the first
di fference .ne r 1 is set,at a.predeternglned .

O Tl Brisgup 24 GO h6 Shcond Seuinii PRFLILE e aqjusted so
convert the.,nci,dent..l.lght of [.ine ol ari zation

R e AT 1E AP i b ihcermeriet o os RMGiedatiatsly as a
di,r tionpﬂlpng the Z-direction. In this manner, the

oI YAYE RISt ate  of incident Iight can be converted

3084, S5 etk e SAtiple Bk eliitnst biber g is set
L8800 bOBHA AR G B dhponver
a8 RIS IR CAIELE RaRL RO int, A0RSFE BoLBlacd it
| S e otAfion ARAJPaBR Y ARGURAL NFaluREn, the
[ VAERIE P B8 RACEI R 104 RSB priaARd angular

WHRRIIAE arBEha' itd deh®t SLR! So Ys tdonveRt ﬂzg incident light of

i Flum nate the surface to be illum nated
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 nER06-0456-00

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 line
withehsask Mher thetwefer W()naédcaify changed wsing/theepthadivagable
upon positions in the illumnation region, and to

s phpse differancenmit 9 siccording] tocthei preseitt esnbodiment, the mask
wi dth difference. OllZL It is also possible to use a

c Mbandt then wetfer W wani bl dlwpinated with thsa dlleminatien light
of Fig. 5 wth the variable phase difference unit of
Fihgving the glesiredopelanaation sate estyibution enjhgssurface to be
difference unjt of Fig. 10 with the var.igbl e phase,
diftveiinaed am it isfthys 3@&181121.6 ionsypprest é@@?ﬂpﬂénqlne widths of
pol ari zation statfe of lig iIJ]lum.nnate the surface,

t $he datiarn roxeask op: the iatex Wi PERdINg: Pppnypositions in the
| ogal l.y conti nuousl hanged whil e the 15 pol ar,jzation

s (VEIBATGR Tegian. #id 9| WbPResS BRCWIERGS B qecRlled intrafield
| gcal | c i nuously changed; whereby the mask M and

ta %ﬁ%/@h Hi%e illuninated with the illunination

BT 2D 15 issh Bos SRl FS g & cobbinaRonrbf iy iveriehife optical
arcipE PG BiehovUa eE JePb e phifs Blneg uip of Fie- 12,
&y rebPHimaER, ot i ReSUB PR SRHEIRERE TRl of Fie. 10 with
{058 o BBIE pHag, BgkRe? bl of §88, 7 0T s gases the
HRGUGTEAS G SRl otligh 1o RERKEH AR el PR RT e Pibitndfed (the
{ABe95 1, BPARE PaRuC ey S IRty o fRARI R e le the

g@&dlﬁnkﬁﬁoh étafél B! P eI Elllyﬁﬂtﬁﬁfeléhg%uéﬂ pithe & 18cally

Ition optically conjugate w
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
Jocated near the mask blind 16. However, without having to be limited
to this, the variable phase difference unit 19 may be located near the
surface to be illuminated (e.g., near the mask M) in the illumination

optical apparatus (1-17), at a position optically conjugate with the
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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
csnxfatato \ber ilhimhmapddyser dedrf theeconjugstebpositiangeyceapt for the
non-scan direction and it is also preferable to
avianiy afitheshagiublindvis.i ab pagtingethei vdreatda phase diffescnce
in a staggered array pattern (or in a zigzag pattern) .
i inithED moay b@aarrmgtn’z to be. reperiahle fromhdeadbumination optical
description, the adjustnment was sg nade_that all the
1path ghto bedfied Hlwmynation oppgakpyd. + Hindihgncasgeof scan
vari abl e phase difference unit 19 were, i,n the Ii_nelar
pEKRPSES; itois efkrablg to armaage fonambea OisHraulae varighle phase
along the Z-direction, but, wthout having.to he
| HiAlece dnEmbeTS AbgTiE: eoH-SEah s tORAnd ityisAlse mreferable
the |ight beanps .inmmediately aft. assage .t hrqugh the
ViR m@mgeﬁﬁﬁwcaﬁlm Rliace differSice Bembers ik daggered
of polarization states. By further positively finely
AP PHISTE AR A 7 REAS RRYGBDdN RS SRR G TeFon.
a-l19e,...). froma certain adjustnent stat
oTOLFAT B LhE aBpve estninbbelit A0 ity Sp fEade Bat'dl the
pol ari zation. st at asuking sectiom 1 I}, al so-
baichie betaR BBy | i hasaeh AR g ible phase
f Was a. C 0: 2Q. 11 L um Wi i
" pfeeaned’ ofif 19 "t aheodinepk, BoRiaGion 'sae, yih the
Cc . . iL-n Fi . o o} r i .
PR Ri gL Aekignl e the ZGirE0RM"bUE itk having to be
p ] [ S [.n Secti0 :
DSl e b Ry A Mk Blso®BE 4P Myl 164 HATLERY boms
(] - r .
1ot atclS, 0 phispf HHRUAPUR, PRI BRI AR bt 19
di enc Al e h j
it TERC SatER Y p et AAR RS, 7, BR RIS, FGRIARAS finely
t Bfljusting each of the variable phase difference members (192a-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
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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 nent, the vari abl EP06-0456-00

phase difference unit 19 is |located at or near the
position optically conjugate with the surface to 5 be
illumnated in the illum nation optical apparatus

(1-17), but this varjable phase difference unit may be

r Sight dwdnni ath the pmaglal M proen ther wabire Vopas ¢a¢ susfaceoto be
units., In this case, the shape of each variable
opfumanatedtisin aglestedatates preferably circul ar,

i nstead_of the sector _shape as sho in Fig, 5. This .

c 6Ot 1qluin the aboipl esnbadinent; dhe vani @hﬁi@%ﬂﬁﬁrence unit 19
illTumnation with jllunjpation |jght having a desire

p&t ﬁ?qai bRt dlelaééil‘? HesHian PPHQﬂhBrPOélﬂl‘lgﬁé withriheessuriace to

el U6 i 556 | DHORRRLRPn PSR SRRRIE | Und A P this
oAkl SieRe calepe WG ninad; g, Toniaped B poliafiyy of
r SeHBIc oRfES! TFtalotaugis b A&, ahe RBABR oY eash pariable
I i it f . th

PPHSE] cBREG emhel oy PrACEtly Pt ARTtaRd) of the ypctor
pohabd 24 i B ;l'gﬁlff{ nel | GphaRiay ﬁlﬁlﬁ’ﬁ%ﬁﬁ’%}% "fincar
obE SRR Uil R, Sltbthadd Bt 2Bt 38 fesired
oy SRR Lenfin W bk Laledo BOSThrated

range variapl e optical rotating nmenbers (Variable

hadBs cERAEM, BRE, IORESIBIE TS hnbgrehl pofifichT ] fumination
ORYikIS MuRthatidd l’igh? hving Q%SEEMWZ%F&{ Sfafe Bistribution on
direct1 on correspondi ng 1o a non=scan direction

(ﬁi@'isﬁff’a% qB)be E‘J]?u&%lzﬁe&?‘r iTahd 81 @PhbsIble & 8605 sthbination
80. The I menb la-81

se varlable optical rotatin ers 8

i JIRMAREEabR bpficdl F&@tdronn{td-Withes Waeitble Phase difference

unit. In this case, it is preferable to contrel the elliptical polarization

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

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

members 8la-81f are movable in the direction (Z-direction)

52



10

15

20

25

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 connefP&d-0456-00

to the respective variable optical rotating nenbers
8la-81f. [0118] The action of each variable optical

rotati ng nenber 8la-81f will 5 be described with
reference to Fig. 14 (b). The below wi || describe the
veoraspendipg oah recfiomnard Bovémest amounts thereof are

representative. In Fig. 14 (b), let us consider_ a
phdjusted pyotriyes nnits ng28 82 -@aiteligdhy the camiraller CR and
direction (Z-direction) of .the varjable optical

r 60aregigd e ihe respectivearagiable opticabrotaling membess 81a-811.

S oo oAl AL BTaT i il bl
[ db fl.-84f5.

obe afessrbed vich semsncs to Figif 6). (1he Pelaty will describe the
R Ao S AP B o i, 14
0P 5 Mol S, 1 LR A BN G B 5 21854 P oving
SR 2L ATER) b e SofBh S RS RARE SRS 16
opti cal otat,in 81f j.n t opticalraxi s

OBlest pol B stATRT Y redpbatfle dishe Reb P hf¥ind passed the
RS, LB a8 85 M AL oBU RS, i B b S BAR 16
20, 2YELAAY BY' DI Z84 0N FAALHY nA1AHARLPSAMIEIEP 845 of
a o_ng_ e_ scan I rectl on. I hnce P e _secoru

P LSBT 0 g P g 1 o
OS8fparSh HALL IR 5Bk Tode BATEIBRSHLSHE Ol heams

r?gﬁs{iﬁggtﬁge RRf{abid f oplibsl %kﬁﬁ%f}\h?%b&S gyrat ggﬁ)o})ate}iazation

I eamarriving at a point waf er

C Ao fen!dieelent TiRArk) okl 1 i9Fopiie@atatihd 8d BBtical

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

member &1f 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 rotatippge-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
nmpaheissindhe-ith-sd¢andirgetibn candd yhdffed Isy ichhogingagadh of the
in Fig. 15) made of an anorphous material (e.g.,
si/l-direcbaslk )pdsitionsr o€ cthonrespective cahriabld sopticdl havtating
the conbination is of a plane-parallel plate shape as
amerhbers 8 19-Jl0H2tingeidgalong the momtscan direstiormatAs ahbwn in
showi ng a configuration of a variable optical, .
r Higt &b/ ﬂmm%ilé opticahirotading mimberso8 ha1&ifrior the variable
modi fication exanple. The third nodification exanple
i opticahrgtator aunit anayobet peovaded pwithi respectiyel m&d optical
l'ight by neans of variabl e phase_ shifters while
comembers 881854 (polong whicl ondy 88¢ds diusirated nadfigy 15) made
pol arized 15 light (the orientatiaon of the majqr-axjs .
diof cant iagmorphosis| materaall (§2potities 18ss) femeprmegtian ek optical
of variahle gptical rotators. Wth reference o a_side
viagis isp thay. thes combinatipnpisypEva inliamv@aralgecl( Ega,te aHEpg as a
bottomviewin Fig. 16 (c), each of optical rotators

?lgpl e pol ari zation rotators) 51-55 is nade of

(
| $050] K" be S drrvipecshebin el B ERvisa f sontigiaaton of a
S 9B | RRTERD ST CHIRRE Uit cBreRiEing | foq third
S o BB RO BodhBobln Bl Srbanged to
DS B 09y HSIa L B T s ol phse
A R R B e LR RO A0 v
Wit (EEH ehtRBH BE the thajor-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 thel 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 ographP06-0456-00

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 be radially novable relative to the, ..
opptical-axistdirestign  bnorder ismearcalfthereptigalirofating jastion in
and the phase shifters 62-65 are_arranged. to be

r the phase Srlﬂ%@b‘i 816, 4he whiracsiomel fisaere stallagraphisiaxgs of the
the basis, of the optical axisg, At this _junction, the
ophase shidtess otd-62- 58 d?f‘é‘PﬁﬁlélF@J%tbl to e aag@etlpa pe the

TR odagh 0% aF 65 busbe Biaglbicn riEb Rk Bl 52
B e aiathe GRS, b FRBSE e G Bk s
b ST IS5 b e b ERS38 drange
S35 e BELAPLE Bl IR18% LA SEBRIA b eb il v
SRR 4821 pub ol B MUASHIa bl S22 o oty
¢ RERbRYd SO HROREIC aB I ol olos ] QiR BBy 31 of the
b EAERSRTH LA ASHIPE, 8RS $6E pLagt sty IBS0LS pRBftrably
 fngPa’8, 5 556 ohE A AAGBLOGE e Sl Wi 61 of e
6 thi b i h h th

o ualfilaterad HR08IA sfbe Do PRSI 10 L T oI e 61,

6 Ta H - H .

o[0125) The thiékhes il %%Zé%ce‘-’ﬁéﬂsﬂ%géaé 83 dd ®ptical rotator
0 _ The |

Slascibly? (0 pbllrizity CRAGKARS USRS PUED, IQlly changed
65cc&ﬁiin%% the iradialUsodifians R e dpiitabaoeanid 52-55. The

adj ust the pol arizati'on states of the first to fourth
| tieidkneean® 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, i.e., a
first light beam passing through the optical rotators 51, 52 and the phase
shifters 61, 62, 66, a second light beam passing through the optical
rotators 51, 53 and the phase shifters 61, 63, 66, a third light beam
passing through the optical rotators 51, 54 and the phase shifters 61, 64,
66, and a fourth light beam passing through the optical rotators 51, 55

- and the phase shifters 61, 65, 66, and it is thus feasible to independently

adjust the polarization states of the first to fourth light beams
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FP06- 0456-00 (pol arization directions and
ellipticities). [0123] In order to effectively adjust

(correct) the phase shift anmounts, it is desirabl gpg%-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 |ocated
ofipblaeizakion direttiofs dritbeNppticatés). phase shift unit

(61-66), the crystallographic axes of the phase

sh0122} éniondehts eHectbely aIEHste(csini'ddt) the phagesdhificamoants, it
be parallel or perpendicular to the polarization

diis eleisirableoto logaiedém viargible taptidad nobatoe wiit f(dr85) on the
51-55 and in this situation the 10 incident light is
nentranbe edde 1o theevariahle phaset shith toit. (Gln66hias 10athe, present
it is preferable to provide a phase shifter rotatin
nsepdinicathonogxaropha. i nﬁ’hereth% vatiahle @gtlaphr@amgnﬁf(%l-ﬁ)
the phase shifters 51-55 in the vari able phase_ shift

uds dogated om) the exit sidsi of the variabla pbase ﬁﬁxfh ant §0E-66), the

perpendi cular, to the optical axis, qQr to.arrange the )
pﬁaxﬂaﬂﬁgm@a@. axgs 84 thephase ély%@é%abﬁ@ variaplerplshsgeshift unit
p e shifters having the crystall ographic.axes al.ong.
oggi-rﬁs)&% ¢ Al cITie DEFRIEHAR 10 %emamaaﬁl%%érec%on of
opti. it . and th hase, shifter,

CARSIGRRL (RO el BRER 1T RETH e a1 BBAE dhifo syation the
iRt e 36 aok SuPReY o tBs PhaRe ShrEackng. cdpotiseats it is
SRR M AN OR L ——
P 8 of i SARLGY, S5 W yhhGble phse
(5 8% TAC RSP P B Ao o
SN i ) b 12 508 LAUIA 80 8, eplacesble
23&%% i ?/P Ip?%ﬁ? fk?@%elisnhg/ﬂrg e ER)stERRphAPAEE h18He Bther
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 |ight beans form ng the nul tiRP06-0456-00

pol e secondary |ight source 35a-35d, at a position
where they are emtted fromthe phase shifters 62-65
in the vari abl e phase shifter unit 5 (61-65). In this
exanpl e of Fig. 17, each of circunferential spaces

besowees feuned pnsthst pupd plasedahy illugninationropticd amsaatus.

is.not | ess than 10 as an azi nuthal angle around the .

o%ilgc 37 (b SBOWSHH Eow@@@ﬁr@aﬂﬁ@ of) ligl bessasrioramg the multi-

prp ot bl oSOHECE B e b ool ey ar
.10, Th it.al . I d t he. X

C iz fignhdhe Phase shillerss 60-00ein e UATABIS BRASSpRGT unit

STRTEAS T B gl b7 it el spnces

di ff it 19 sh in Fig. ,12. 125],.Th
DB SrEPEILn 068 BRIV GUHACUBHE ABFIChIS Hes 1638 than
iccal ' d, gh hjft. ts f
C R0 o nRRal AREME, Br i, B 5Pl i< r oisereients the
o e, LR R bl B goples, SE3R from
L is k| } nat |
OB Y BorihG, 96 U A0GL% HndSHi TRl otators),
f i 0. 0 .

FI Ul BRUELRfId BBV Sho Sy RS B0 At in he
. t i i t j- .

o PRt O ork 3L KPR E A Snflod bt ililinated, or on

f e, i J

LR R D B e T a8 P (ierence

t kit 99?116% iPFRL Qs 52-55 is f1 nmwhere the vedge

angle of the optical 25 rotators is 7.2; the. radial

S {one) okl Sl SR o g RS bR
0.opticad fotation amounts and phase shift 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
um and the phase shift amount thereof is 180°/7 um. When it is
assumed that the variation amounts of the linear polarization direction
by the optical rotators are, for example, +20° and the phase adjustment
amounts by the phase shifters £10°, the radial stroke required for the
optical rotators 52-55 is +1 mm where the wedge angle of the optical

rotators is 7.2°; the radial stroke required for the phase shifters 62-65 is
100 pm where the wedge angle of the phase shifters is 0.35°.
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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 aFpP06-0456-00

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

f {0126} Fig. 13 iyt dmevingeschiegredticaflyt Steowirash danifighrafion and
and a second aspherical optical rotator (a second

asptieni ofila paimofzatphenicabtepitord)l ytators Aadcordogateda diourth
the rear side (mask side) of the mask blind 16. The

f madifrapioaréxanplept i lnather preaent muadificagon fexample, as shown
conmbi nation of an optical rotator 58a having a concave
Yin Higsh8, 10 fissaspbarical optieal ropator 42 fuxt asphericet polarization
58b having a_ convex surface conplenentary to the,

cE0E0D pairitds docatrd @tptth@aﬁoggtsai%(h sourpg side) of the
second aspherical .optical rotator, pair 59 has a
camafknhlingh 11, andopt eeand rasphesicab oepticali Hefatorc 4avsscond
YZ cBoss section,, with an optical axis L coryector 59b

rlw gﬁp erigalpplasivationptater . pa| Shisnosaled enthe reanside (mask
asisfrofciie Baek dling bbas ohhe St assenical SepisauTotator pair 58
1B MR AChPLES Bl O08 80 S 7 cro
SR BT 45D S A e s
o i SHASER B ot R HE S P o e
OB B &SP B AN i
bR et 2 sbiB@x o SR i B g BB s
SSSHAESOH B A Sl LTy fiome
e B 20l GE S0 o sl Teh egicH GPIRH rotator
dilif 58 WhidWecBhd@sphBrical 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 amount is minimum at the
center of the effective region along the Y-direction and that the optical
rotation amount monotonically increases toward the periphery in
accordance with a quadratic function of distance from the center, for
example. On the other hand, the second aspherical optical rotator pair

59, as shown in Fig. 19 (b), has such an optical rotation distribution of a
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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 th&P06-0456-00

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

of distance fromthe center, for 5 exanple. [0128] In
the present nodification exanple, the apparatus is so
s@uadrigtconves pateranthat the apdical metation ameuamstis caaximum at
rotati on amgunt in the periphery of the effective

r g cﬁ@néﬁrdg% HeeneHERlYE dpgiabialong dheoX-disetion and that the
center_in the first aspheri,cat optical rotator pair, 58
[ 9p8&abrot§tson@r%0mtfm@n9%@ce Y\Fﬁé?ﬁ&sﬁé TORAT periphery in

optic rotation anount. the cgnter of the
o PFERRdARESr WithoR Gidiretie HnENRTN® @ﬁtala@e fbeia th center, for
am)unt1 in the periphery in the second aspheri cal

PER!Cr ot ator pair 59. Nanely, the first aspherical

0]

SRS 581,14 B e Bl B R Py
5 BB BRGHA e S S0P Bl o n e
PSPy % v el AR rotation
SR 22 5B S S 25 BB A8 i cqua
55 PUTREBEPhlSaL RE AR By o PR Bt
CBHER o FU o EBISE iy o SEHE i pmoun
18 B0 pcris 08, SEEOR APt SoGBl Soluor pie 9.

t hediBefy, @RJ firbe RPRKriBAT BHtibEl AMor 'eféiru§8f R&4ISthe optical

attentr'on to a ray arriving at a cent poi nt Pl as

| RbeRC BistEbUtibA & ehe ﬁﬁ}ﬂccéén@d@esgé%eﬁﬂ WhgleMk sddond

as a surface to be illumnated (or th waf'er Was a

f iaﬁpheﬁ@ﬁlﬂ?ﬁ?cél@obﬁoi‘ Ipa 59 RUhe Spticl rdtation Wstiibudion of
poi nt P2 9

the quadric convex pattern. As a result, the first aspherical optical

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

[0129] In the present modification example, the apparatus is so set that
a distance between the first aspherical optical rotator pair 58 (precisely,
the concave surface thereof) and the mask blind 16 is equal to a distance
between the second aspherical optical rotator pair 59 (precisely, the
convex surface thereof) and the mask blind 16. Now, let us focus
attention to a ray arriving at a center point P1 as intersecting with the
optical axis AX on the mask M as a surface to be illuminated (or the

wafer W as a final surface to be illuminated), a ray arriving at a point P2
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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 P1. [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 mtpredesarthinkd distgncd @patthinethegt ¥ptisedtin fremvelen cehter point
first aspherical optical rotator pair 58 and the mask

bR lycantbarrayr msbring ati poinuP3othe sfme rdisfaace apart in the -Y
optical rotation anounts of respective light beans
aldaretctiomefroni thtescater paint®d,. traveling in the opti cal

path between 10 the first aspherical optical rotator
pd0138B Latous consuksk Dicasel Wgermmjly the dearsgrasphsrica) optical
bet ween the mask blindl6 and the second aspheri cal )
opotatar past &Bohayizg 18 opsisabsetatian distributiosnef she quadric
in-aperture optical rotation _amunts of respective :
| icgRcave patieapiuinterpospdi ndB g, 1Bpthres graphe(A) pegvesn the

t optical path_ between the sk blind and,t.h cond
1%1%'&% Bﬁlé]ﬁfl‘»l’é%?ﬁ epfical Jotaler a8k SPaith Hoe rp@eigbimﬁ f represent

SRR o et P B RS RS ol
OBty 5RO B 52 BT bk TR B betveen
SRR TEGH B PAP S S EE Yo BB g 16, ne
B o i A B 0 B e
o R PR ORD e 43 D08 b, o
S BB o P Dok PP ARG ok TS 92, .
8l T GERHAGRE by THE TR 0 kR e sccona
g:‘a%bébﬁ%l Bﬁﬁcﬁfroitﬁbf‘ﬁﬁﬁiﬁ.e optical rotation anounts
[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
respgctive 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 6ptical 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 (of 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 amounts and the horizontal axis the o
nugapectize Hpbt bears MBouf Ahdoints P4, SB2NPB; dravéling in the
graphs (A) that between the first aspherical optical

r optical path rbes@eandthehimagiig loipticdl s§stennel 7 {oaghet imaging
optical rotation distribution about the center point
Poptisabsystemal @ anak therprojedtéon opticahgyestenr BL) angt thersurface
di stribution about the point P2 is an inclined ) ]
p&o ther Hlumimated HM; Wapeln thess g@raphoAdi(Ed) ithatvastical axis
about the point P3 is an inclined pajtern inclined in

t meprspptsi the jopfiqaharatationi aweungh and the hewrenigl axis the
pattern qof the point P2. It is also seen fromthe
gmle@)aﬁeﬁﬁlﬁe%NP&r passage through the mask blind

OB ISk B Boblon) e AR sspheia
ciosticab soraser 2850 Wl gbe osls Wind 1Phdprinaperuice optical
PRI, AISRPYHSR 00U BB SePLet RIS DR SAEIeBVE G, the
e e ol TGRS BB Pl SBL T2 1 BB,
e R L T g L
S5 SRR 00 R AR P By 7 ppfned
pAP st BORE 25 ¢ AR, 2B fon, B oFREFYR) that afer
"0 O WG RCHS AR 108, AR i
P3dePrirl thidtfh BRUIBGASH Woblit BBBARY RB8K PE 19%ti1B4 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 FR06-0456-00

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

tH@CbB%%@n-PB (and points having the sane Y-coordinate
I nclination pattern_ havin

gaf[@E § mat&?loitﬁt?’;if BT rihsppeaperation phahe dfirst iépherical optical
(BT B AR oo Bk oLt i S Shanges
2t s R S 3808 S bl RSP hving
W SSRE S oA 5 2 b ) S5y it anc
et o FRERST e ot S8 B Y poe
' . Lt . of .
" B R Ve b Do b ithe Tlafih wilisttion pattern
" R0 BBt 8050 sBEPL R B R4S on patiern
FepoEEhe BBt pd e ggﬂﬁzﬁééﬁéﬁ%@%@éﬁ;&ﬂﬁ%ﬁ fhapee in
g Rl roPRion iRt A5 B8Ol the CsAATbBRPPE 3aRECHoints
theviss GRE SaRBevi GRirdiit S P19l 2% BBifeedBf adjustment of
Bl ! i
(hereimarter referred to as "partial regron becones

| {8k iAslihdifork hg%ﬁe oﬁﬁ%?f(}tﬁﬁbn Qﬁgtirﬂfﬂtidrﬁtﬁ(ﬁit thé iprgénts P2

58 and t he second aspherical optical Trotator palr

RSP iTepelishPipoh tRE'EHENERVE the ifdnd P2 ARFtHBbint P3
ad] or t g

the degree of l[inear inclination st ment

opfloRglthe W dirk&ior $roth $he iceHEdribiabPYt each point al so
i ncreases therewith. It is a tter of course that

E):o[teilgg? N%@Iy,' thealegree | 6Ndinead AblRtiTRNadi@tnidd® 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 the 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 optFp@g-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
anotatioa ditdbudtioasghmrti eadh gointcalsor diatasespas thédegree of
have the conplenmentary optical rotation distributions
aoHamge ieithe opéichl ratatienpdistrimetionspof thed firsitaspheripal optical
58 and the second aspherical optical rotator pair 59
arataset pequbSisidatiie $€cdndasphericastpticaldta®rgraibdithis set
si des thereof, as described above, the position and
silangenf the partial region about each point on the
surface to be illumnated, in the first_aspherical .
op0126) Singeathe presentsmodibicatiansexanapleahas dhehesrfiguration
t he second aspherical ioptical rotator pair_59. As_ a

r ¥harein tthe Gpsti espherigalt pptical sotatentpain 3 rand dhensecond
poi nt on the ,su[)f ace to 15 be illum npated is adjusted

oAspheracaly opyicabi retatess paithyIc dsyer ke opomplemgntary r optical

aspherical optical rotator, pgir 58 and the second )
aggmstn@ﬁw%an syharsin ﬁeﬁ firgigasp gricahgpacalgraigtor pair
s%gtstat've change 'hn.t eoPticaI rotati .2

4o 7R 8¢ sroand pepheticabeptical Tiaton Ral 3 ate sloaguidistant

b, HEBABP IR 46 G SR AP BuekeR o3 Geariheabpve, the

Rl SS9 A PRSP end R e

R B LG RoP BB S Bl ar almos
3] Y5 e B BB S0, e«
5431583058 g BRRARGBE PR B P Bt o
L B ORRARMLY 18 Uikl U BBRRIBY-BoRf! BAi< Yy BBoperation of
the first aspherical 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
illumnated, to a desired distribution, while 5
mai ntai ning the optical rotation distribution al nost
urhiehmmmhﬁat respéade pointe onl thersurfdoedto( bé iNiminated (M,
therefore e mcroscopl c pattern of the mask M can
b&Vac c ksametesulty dhe fexposdre ppagitastof the enesené modification
exposure region and in a desired line width onto the
watemplé i§ @biBio hdjushéhepolarizidrnr staté distribhtiohiatstach point
aspherical optical rotator pair 10 58 and the second
aswhdhecaiirfape i toalber dilanunated, r toa adesized  digtribtitiomgnwhile
fromthe mask blind 16 on both sides thereof; however,
t maiggaining fthet optsal motaton alisgdiutipre redowistenrifoem on the
al so_achi eved when they are set eqw di stant on both
sisgsfaceftozbe shipmdnated puyM Mg eﬁ ore, ﬂmqmmowq pattern of

the wafer Was_ a final urfac 3;

sitheimaskaM gan \bﬁeﬁwcﬂh@? tragpieread om er&rretﬁﬁmsure
sides of the sk for npl e above
dé@g}qu@m‘i mélrﬁ?{l line %@%e@lil e -rotator pair

525[9&3%&3 ﬁéx%?@@%ﬁpaﬁ;ﬁ”th% firg l@gﬁﬁéﬁgélﬁéaﬁwéamtator pair

ang e oweandiaphetisa %Zm%gﬁwt%é?'@@rﬁé i A8l gAuidistant
Lo e BaskEiiERp o Bolth Side31BERlapE e e Siine offect
as heru aI ' Eé %’ﬁ%?hﬁ?ﬁ"ﬁ %;ag%caa%wgg @i‘? ejfl}?yaﬁae %et
Zg%eq“i‘iﬁsgqlﬂt TR ofdts of B o<ibent Bl AR RD cBEgtRe wich
3 S S 0 POBIRE AL o ey
?ﬁag'ge%iceﬂuigﬁttérﬁa&n 1RHEPdeLBE the IALE MOTHY LREHPX. 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
crystallographic 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 conbining a
pbptieakhithtoes offrock agkstal yaiase ovystatlopryshial dxdgisplositioned
axls is positioned perpendicularly to the optical '
ajh parallélhwith thptoptidal asdls, toorderttor provide lthe opdiva] rotation
for exanple, the first aspherical phase shifter pair
hdssteibutiohs et thenpretleternminad epatterhis;ehowkver, dosteadethereof, a
cross section with an optical-axis 10 corrector having,
afiestnasphesical abase chpftenpairaand aseacoadcasphevical phaseshifter
of the phase shifter, and the second aspherical phasge
spaint mraypalso baassed, dontsixamplen byf cambiaing shphaser slffter of
a convex YZ cross section with _an optical-axis

c ooele erystalhwhione caystalegraphic axiscis pasipraed pegpsndigularly to
the convex surface of the_ phase shifter. These first
athmeopteeal phissewath raneoptalaxis srrredebnd lasusr casg, for
phase shifter, pair are constructed in,a configuration
wesaeples the firstcasnbssicsl phese ;ﬁi!aﬁ'ér PRI ey geqmbjaation of a

according.to pgsitions of cidence of the,light bea .
[@%4@? %p@@rfogaa | §ONGANE A SETOSSp ARSLIQT) a0 optical-axis
shifter ir, as shown in FEig. 19 ), has, for

o Ramselor Basing heQEveh: Ttk ambiclis gt  bn the goncave

R SR S S ook DR T i

e S 28 WA, 108 B00SE ST ATRANY ecion it
O RO Rt Sle s B o e
' R in Fi : f Qh.:
RS b BRSERITIE o B ik e
ﬂ&%ﬂnha%cgg@ifﬁféd p%%}hee'i"fbatl hﬁ'ﬁa&eh ShPfas ?Jaﬁh'efré 88Riicted in a

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 (¢), has, for example, such a phase shift amount distribution of a
quadric concave pattern that the phase shift amount is minimum at the
center of the effective region along the Y-direction and that the phase
shift amount monotonically increases toward the 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

nonot 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 anmount distributions
about respective points on the 5 surface to be

illum nated can be i ndependently adjusted by these

f ickater eBtHeeffestiveregiomn hldrigthe &-direotionhend ekatnthe phase
aspherical phase shifter pair. In other words,

i ghifpe rinsentp omaniotatically stddoreases | iowdrdbethes periphery in
arriving at respective points on the surface to be
i lacootdaaicedvitvia qadraticdenctiod efeticdtance frem) thetaetitery Each
the first aspherical phase shifter pair and the 10
sefophase phefti amowpttadistibiitions geout. respectivel points on the
possible to use a conbination of - the aspherical
pisaskacs Hiof berillpaiinated can theeindependentlyi adjsated by these first
aspherical optical rotator pairs. [0141] In the abqve |
desphencalgphasetshifter pmramdqtgxei sespndmspbaricalphassy shifter pair.
(phase shifter) pair 58 and the second fﬁsgge{ai cal . .
odniather mardsoin-gperiee pekrizationestptesof light hagasagaving at
optical rotation (phase shift) distribution f ot
quasPectiigaodntss onh Bk iertacki (i ok lﬂéwlﬁl@tftff) (ﬁé \% can be
limted to this, a variety., of npdification. exanples
cand@perdﬁntf%@ﬁms&ﬂ By the st asnheracalPhse suTter pricand the
rotati qn (phase,shjft) distributions.given to t.
{ esondopsiharical Phese ehiieomithr ToisdsenppEble jai pse a
58 and. t he secaqnd,aspher, cal ,optj cal 20.frotator (phase
thgpeasihetifaly. pff“%?e e>§gh‘{tﬁre, PR{IS; szEh the

apERoRRned pSEhS L Fo gt B ot at or ( phase
S Mot aohr, 50580 6Pyl Gplcal oo
gl 42 5B 18- HERA R Ehd fifor s
e e SOOI RS B PSSRk o e
t hcfué:cﬁ'% ﬁétt&fnst, HSwe%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 5%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 am)untti1 decreases once fromthe center
arfifective regtorealong thewadirectienper i phery in accordance
wth a quartic function of distance fromthe center_ of .

t (0142} dutthisefifthegiodifieation example dthestaciond. aspherieal optical
case, the optical rotation (phase _shift) distrjhution

O e e
oPptical }ef@ti@?n ahagp rséﬁ%) slﬁstri%)ltiom @FE CBLﬁl'Plﬁn“}éﬁhWJ pattern
ggﬁg n £%¢ppﬁh]2:;, %glg.t&q{‘ I@g?élﬁ‘rg:o{ﬁgigsrﬁeélggfaggﬁl%s t(ferc)reffsaeisr once
G S BB W npntncs
frauippind-Rponilyiitont s
| sBiFh iRERoRRLSF dad heSF wBheriodbpfia} Fintor (plgse shifier)
SR oL R PR B0, el
(SlisbUaliRY of B SO aRBheAGRCGRGA, RkcFTpnb8é Bhih) pair
? @é%&stp.rlt]%? i'ca 40%1&4(:@%5}1?& a%\é?m%?%%ﬁaé ghlgﬁliﬁ?%[ﬁl peéilarmple.
I R T S

8@%@%&bﬁﬂ%spﬁ@ﬁbgﬁbep@%}r%Qﬁ?&ﬁ%ﬁﬁeﬁ@éﬁ)59_ ha}re the

uti1 ons along irectio optica

;gg%{ecs’au nggﬁgtﬁ\% Z(P;ﬁg%:éy ‘s@%ﬁ) él?ét?ib%ftio%scdf tRErqeatic! §atferns, 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 shifters) are of a cylindrical lens shape, and a variety of
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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-di nmensi onal optical . o

r snedifigatioprexamplesfoan ki contapuplatadsas théhe ypriptan direction
rotation (phase shift% di stri,butjions given to the .
f iof $he anshdireetipnaloppiieall rotatiandiphaps sbity distributiopsd r It is
58.and t o the second aspherical . optical, rotatar .

( pHesposmbletternroyide ﬁ@gﬁeﬁﬁsaﬁgaceﬁomalrr@@taé Ephagenghifter)

” tidh 51y SimeaSions pBfival Hrtatioh (ahase RBLLL dpsigbutions. The
" b el S0t R tPihser DD HistriBnians Biart Fe 8 s Hphdrical
oGR8, rrotatal elpd cunifach i i vk £ bBn st aRBhérical
woRHEh SatBler (N53s3, SHeP P, thilctite o pRRE B ding 1o
o S oPEA KR AR GER A Example, o define the

LB e SRS 4 e, BRRBoEL P bpica

e RS S T T R S

2 Kg&%ﬁ ?Iﬁ;ﬁ{e?} @er 39 B’gtlﬁfér-(?ééchﬁé%H Z%%ﬂ&@bpgf}gﬁn%%g,ewhereby

al so possible to apply va
shhd gl ssd i hhase s @Al i .
oo B e RO SLEHPRR ROUGER oyt on the

t kasRcEBAehO il |ahiARIICakh Yoe AANRRZRAT BRla JHALD oiﬂ(t) ;Hésis in

stress birefringence distribution, and those de
a%cc@@&ﬁb@ﬁh'ayvéﬁﬁﬁﬁﬁafo?ﬁis. material with a form

birefringent pattern’ [0145] In the foregoing

Mgl 44T dhienedBPIle. fohpdingneadifisdien &&mple 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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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 shiftfEpps-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
adphebutah ofoticd fiadt dsphationl optiaskersthidrt @haspahifted pair 58
provided with an optical rotation (phase shift)
distgetbus i be suhgilemicntdryy tdi ther epticdlr aotation ofpthiasal shift)
rotation (phase shift) distribution conplenentary to

t distdpttioal of theasécond pipisericad uptidal dotatot fphasenshiffter) pair
the first aspherical optical rotator (phase shifter)
169p&iows&r, wthoit havong ftodee limiteﬂ(m—pﬁts, it isealso possible to
pol arization state distribution on the surface to. be

i cbnteimplatel 4 smadjficatioh aveonpliongvhesein the seddnst aspherical
between the optical rotation (phase shift) . .
diopticabratator sp chiftar) pajyr 1918 peovaded owith aprentics rotation
(phase shift) distribution of the first aspherical )
ofiphase shif) aistribusteassubstantially diferens dromaiferapsical rotation
optical 15 rotation (phase shift) disiributi Tn of .the
séphase shifhedistribution icomplementafy to fheuptigal roggtion (phase
pajr.59, whereby ch of polarization state .
asbife) Bistribation; af fhe 5t espherigalngpicali 9tafegu(phsss) shifter)
at respective points opn.the surface to .be il|um nated
c@ﬁ%egg{ mosi Lﬁ‘)ﬁlf’f omﬁ‘{}ﬁﬁaflggt Exaipiee e nPQiWW%eState

hstabion i BSirtans o o FPIGRETS iR Ropordipento the

Ok O SRS OBk vehiad YD 408 igucion
R 1 i GO T B S Ao o
i Ty AN R Ry e
TR B PR g
6%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

( eag! be dadjustdilitdcmosdingattor dspedifferengmi nttsveen the distance
surface to be illumnated can be alnost uniforny

abptweed thehiraskidind d6rindgthehBrap eisphéerieal; @ptusala‘omtor (phase
di stribution alnbst constant on the surface to be

i shiftarhgpain. 58 @iz the distancethstwegasthd peaskn blinge 7pand the
of aspheri cal opt| cal rotator 10 (phase shifter)

paecend ssphaigalopiical awtator {phese shifierdpaiy 594 lesfcreby each
each of distri butl qns _of polari zatl on st aGt
apédisiributigng|of palatzatien swey ithe mﬁéﬁ@'@t lqaamﬁmbutmm)
on the surface,to be illum pated alrmsq(l

uBt TEEPRSIRDeiRiSnPAgths: sarfpcetionget ﬂglrpmaéﬁ A0 bg almost

tate di,strjbuti.on the surface be il um nated )

r@ﬂéﬁ?@mlm nged \Hhﬁf: ﬁ&altfﬁal@éng ihe molerization SHte aél%ﬁ@utwn
ct, of the en nven can al.so be generally

a@ Fleton tn‘g%ﬁée ¢ By Eé PREN#ESns consi sting of

ag@L{fm%ﬁ"f e Hﬁééripago%ﬂ%%@%g oheteRfindlioptical rotator
bR LD AR, 59 el EX2 Bt Sl ity it sach of
2 L a8 S B A B il SRehERBh)
SRt AR, ok, S hP Rl e ﬁﬂ{lﬁﬁﬂafff[ YAk aimost
i@ﬁ%?‘gﬁi’ﬁ ?%é%g gﬁgétﬁiéﬂ?e gxg?{r %ﬂaf@ﬂis?ﬁbutlon on
Q@%&@%Eft?i%éﬁ%l%%llﬁa i I@ﬁwe SRR e e

\2@% gﬁg i ng gE%t(C)@}l. I_Hegé | nC| nc e. %ﬂbe) egééé?ﬁy a%u eved

by means of an adjusting means consisting of a plurality of aspherical

(w]

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

[0148] Specifically, for example as shown in Fig. 21, it is also possible
to contemplate a sixth modification example using three aspherical
optical rotators (phase shifters) 71a-71c¢ having their respective optical
rotation {phase shift) distribuﬁons 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 FP06-0456-00

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
ophodidicationt ekemplehe &#ighi2fily ethe Titst asphirsgaiseqtical rotator
the optical path between the condenser optical system
1%phast tshiftergskldlamt the. sdcdndohsphneridalsoptieal, ratator (phase
shown in Fig. 22, regions where an on-axis light beam

( shiftegft 7 e careaarranged) iat orderi fitoem sthet light roume@rsiddign the
mask blind 10 16 and the optical axis AX) passes |

t lopticgh patte of e eondorsersopiecdl cyistaapt i hetwegmthyg micro fly's
(phase shifters) 71a-71c, i.e,, on-axis partial . .

r @yeolens ¥3aand theamasl chlind ol 6)i andrihat thardmgpharical optical
aspherical optjical rotators (phase ,shifters) 71la-71c.
sirptatar Kphasceghidier) wHeris dispesed dni the) opigal B@gngfe@veen the

i ght beam arriving at _a pgint on e k blind 16
dicongenser ophical Sﬁfﬁ'gema 3 o ﬂwnml&%ﬁ%gﬁées t hr ough

the respective aspherical .optic rotators (phase . ..
fJ,;l SaCasEe aSiShewn Bt lgfxfé, lw@msawheééiaan%n-ms light

- oniss (8 Afehis droren At ying GLan RHElion Baibeen the mask blind
{146 BRathe, Aplig” aRis AKhaomas RHoUBhN coFesHeetiah Saphgrical
orom ek iosdorsr(Phest STAER: l7aRe e ERAZscPrnfl heions
SPRECCH5 918 S LSS, W DR Scors
o8 S0hB TR by AP kR bt B v
SN A B4 A R R P e o
P SHLOBtLAl AR ASEPPaldeCHRDRBAT e espRbtive! adpteRicll Dptical
rotators (phase shifters) 71a-71c, i.e., off-axis partial regions 71lab,
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 optFpP@6-0456-00

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

agpliee ehifters) iMdal 716t ahdrso (GphasBushefrheres)theettiect of the
using the adjusting means consisting of a plurality
obréspibeiniveationptare e rgenatalty dobbesel tyhipropedy setting the
havi ng predeterm ned optical rotation T‘gighase shift) i
diopticabubtatiom (phasei sitift)hdistpbutians oftthei mspeptive aspherical
shift) varies according 10 to positions of incidence. |
[ @pEithl Notatotsefphidse stnfteirg)ytiae ipositionsrandesizegf the on-axis
source 1 to the £roj ection optical systemPL be an .

i pantialnaegionsoprid dheapffaaisispatial régions ni i e tmespective
wafer Was a surface to be illumnated, and let us .,
dasphémealaoptidgplisotasars (phass shofters); @be., igsingi the adjusting
il'lum nation optical 15 apparatus (1-PL). In_ the

preeans consistingenf |a mpduralitipof asphereal @psical gotaprophase
t he adjustpment nmethod, it is assurre? that .a pluyrality ..
ofshiftersd ohavivge) paegeiermingd opptical r ¥AtatgNS shift)
shifters) having, predeterm ned optical rotation .

( shststbusianstin whigh theueptieal xtation {phasse shiffipwgries according
uni form y adjust .each of distributions of polarization
sttatn%"ltil@ﬂ&ﬂtl@@d%t ure at respective points on the

2 ADa3iF Novndeh oty icparzyado Fout ol BitlionOBiFS e to the
S5 5R51 obfsh] WIRISIA L, RIS, Relle M o
R 8 s SRR e, gpd 1t s
g TR e B0k R T S, ptica
prefpsp%%tu%n??gf;ﬁm ’Inasthéhf)%enzzembodiment, 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

illum nated (pupil polarization state distribution)

and a distribution of polarization states on the

surface to be illumnated (S11). Specifically, 5 the

distribution acquisition step S 11 is to calculate the

ditntlfighdBj the Gfst ghop as te acqvive st dissbution iof pojarizatien states

about. a plurality of points on the surface to be

i [1hubhe aapartuned abput da sphurality oof gioiptst on Ahei surface to be

states on  the surface to be illumnated, based on_ .

déHngHnateda(mipil melanratiom statendistihution) apdaa distsibution of

(1-PL).. 10 [0153] The design datg of ,the_illum nation

omqlalazata%ﬂaaesjgn(tﬁersuy acgdecdbeBhuninated (84dy, dpecifically,

exanpl.e, ..data of the_ optical_ system (15-PL) . fromjust

af %rélﬁﬁg’l’rﬁ% gernpriion wep shd 153 te walcilate, the dastripution of
data such as cuyrvature radi

raéogé%%@én g%éﬁﬁéam fapeEuIre ghoyt a Al eggp%ims on the
| S9RGRS 67525 e G i B leSEReB N s on
S SR SRR Bl i
oA APBRREES (L e’ o ar Tt ot Fhe (ot 2

DA me TR, 2% SR iANGiihatbf hfes, ABherstus (1-PL)
o iseet Werefhy AACHRRE, B ESanipft.’ Guiol 1he byl syste £15-PL)
"I spafierd shislo A0S Bs o RE pEffs e Mafer W i,
SRS ol e KO R par L SRARD, v

R Er PR SRR tac A b SR s of

?{?ﬁ&%azgltrggfer%r? ﬁtfgfggﬁl ptﬁg e réspdARR 8phal members, the
wavelength of used light, optical rotations (phase shifts) of the
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 iluminated, 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 tPpP06-0456-00

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.

[ 9psdhtus phreduceb ericteattydi meBpecidicaily rifont i @mmple, the

degrees of specific polarization (DSPI, DSP2, DSP3)

dpblanition sthte Rteasarngaseatienct8 shéwn 8Figs2, caashe awrd to

be used as each of the polarization state distribution

i meakare dpedistribusionuof palarzatpon ritatesrint the speftare about a

be illumnated (i.e,, in the 10 pupil about each of =

ppluralityp off rcdntsnon lhe surfageetot be hBuminatedrand dhe distsibation

the degree of specific polarization DSPI is

r ep pekasirasivriostatesron the sigfagotobe ilhemspaikes par anet er

Si to the Stokes paraneter So fgor rays passing a .

pE 5 Ton the ppesent eambodiseent, agdistriaitien o4 d;géwsﬂa‘é gpecific

plane, Simlarly, the_degre f ecjfi ol ari zat| on

DeplarizatiosptlaeBnt D@Paylﬁl%é dafines! by/the Stoken pazipeters (So,

paraneter S2 to the Stokes_paraneter .So for [.a ..

p@ssPnsa cpBibe ussd %%acgwf &%&E%Eﬁpﬁéafﬁ éaﬂyrﬁ}uttﬂn in the

t he i mage, pl ane, . and the degree of specjfic . .

bBPaFESEbON plsisal Bginss O i1 BTs (6t Df AuGpgieds(ic., in the

parameter S3 to the. Stokes. para er Sa for rays .

D RUBInBbAUbERRR ODPIN BRI GIhahs cuerasy o B iHpmRated).

t [ e,plane.. It is noted herei 0.t hat So .

- Bt B ATE et IRIEHEATGT TSP yis, B Statgd by a ratio

| isngar ard.zation intengsity ~ vartica [

ot ob e SRES reitis S, thsthe! S pardFEs o for rays

intensity -.135 |inear -pql ar| b [ si

< Brrne. 4 i dhRoRin® B8 bRl o PHEER th HiéeB blane.

| @f:-1 ~ Cj r ' ' -0t it '

Skl e S 0 A SRR DR IOGPL i peented by

e [ t l.Sq t t j f

CHRAO SR RSOk el  HESORLIBIRLARS:forrays
passing a point on the pupil and reaching a point on the image plane,
and the degree of specific polarization DSP; by a ratio Si/Sy of the
Stokes parameter S; to the Stokes parameter So 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 surfaceFp9s-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 nmeasuring 5
section 18, is alnost uniformto a desired extent

( S23s inVienapérhire abitriteinraiqubints omthalstfacs tabedHuminated
step S12 that at |east one of the in- aperture

~ pahdr ithat distribtiion  aif's tpoldrizateon astdtesheorpother i stafacen to  be

state distribution is not so uniformto the desired
exifemindted, whéclk sereabtainedby theecalcaldting basadontbevdesign
proceeds to a design step S13 of aspherical 10 optical |

r datet @rs bypthes enedsuresrent . usingt the qdlarizafzon, statee measuring
is determned in the determ nation step S12 that both_
okecthen i I8, sisealnpost upidbami tawi dasisediextents(S1 Dt i Bhen it is
and the polarization state distrjbution are al nost )
udietermined inhthel detarasingtioanstepi H12 Hbat st deast opg gfhthe in-
the draw n?), the flow proceeds to a shape

&

deperthrai pglastzagion sstate  distralaien | and éﬁ@i pelarization state
PRGSO
S T NI L o e—
ot BSRAS LA SRS St LRl o bRt e 1 i
2 ART b R atoh b s 200l B0t o Bbrure
b SR e R Bt on 0T ion r
CROES} RO i ey Sl o§reeBE b o5 hETES o the
e e A0F, BIPRREAE Y B Shpbg Fe Rl Ul s15 of
FRSPhBHERCoficl oG OaBskBRARY i ot buti on 75

[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 polarization
state distribution and the polarization state distribution become almost
uniform to the desired extent, and to determine (or calculate) the
required optical rotation (phase shift) distributions to be given to the
respective aspherical optical rotators (phase shifters), for adjusting the
distribution of polarization states on the surface to be illuminated,
according to need. Specificaily, 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 andehé Igolatinatie stdte| distrébutden cahivlated pr meammed; and the
or adjusting the distribution of polarization states
oopti¢ed xuaticwe €phasdehift) distmbutons [0 besgivemetmihe respeptive
is to calculate the distribution of polarization
sasphesicah apticadpretatore (phese shifiers) grei deterovinediefor almost
surface to be illum nated 10 (pupil polarization .
suatfernly tadjusiing esth sofd disteibutions i ofupplarization states in the
pol ari zation states on the surface to be_il] um nateg .

| aperteneast IEspagdilven poinfs pnuthel susfage T@sbﬁeﬂﬁé‘émﬁe while
optical rotators (phase shifters) ,prqvide vvié_h .the
opnest veifermbn pHatanig f of AAusiipgt ithes distribution of

Y

e e
| Halesid e apesbIra a0 Piwai tp%a%tsals@% SiFacH o Rg 1 pinated
Tridinlelfiaihs ‘siscptblh Bl B GroalidbT o
applcratin B3 Soondhp' iR bbb BRERR il srags, in which
% PRI of ASRALTCANE ol POtarB s Bl prgided with
<Hii BtieRP folaftbp HPaPs SRSy Blons BRUPERERA fthe design
oSleu? S el Bt e BREEDRBBS b RIbAY i, in o
cidhad Site SFLES alfherEa SHLENSFoinfort IpHELS hifttls) (814).

deplebhthaAn, $AE disttbutioWERchlatich stéh 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 deternmined in the deternination step S
12 that at | east one of the in- aperture polarization

state distribution and the polarization state FP06-0456-00

distribution is not so uniformto the desired extent

(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

i Hetahanetned the debamiababal Siepi 902 sthap a8 lédstt bae oot in-

of the in-aperture polarization state distribution

anRgeitiee PRLRIZRIONONstatent disthibitioubhdn the e pobdridtion state
unifformto the desired extent (in the case of YES in

t ldkstridhidoinnia)nott seeuhifomnpoateattsited é:ttensfiaphe case of NO in
determ nation step S15 of 10 aspherical optical

r ehat dravinghaghe stioft eproceed91finFuw theadpkign ateperS13 of
repetitive trial-and-error execution of the design .
stasph&idalampti¢dlerottiters (shaseshiftersjul €Dn ¢he stlegr Isand, when it
the flow proceeds to the shape determ nation step S15

t 4s dieterrmined intthesdetemmimatimaptep 912 that betbhef thealn-aperture
optical rotators (phase shifters) necessary for 15 |

r gallami Zation Istate atjsiribedicspand she palarization skate «istribbutjon are
distributions (the optical rotation (phase shift )
disdmasb ueniferm gt ethet desined r exteatt (inetheasymser pEaVES in the
optical rotators (phase shifters)) caJculated in the
delragang),ethe Sosv preseeds tosthepshape slefermingtion, step S15 of
plurality of _aspherical .optical (otators (phase
staspheriedl epticagotatersintiaseshafiersds deternined in the

20 shape determinatiqgn step S15 and optical -axis ..
cdPA60f dior REamIRic. alien kepesha; egnglo%qi-mt gxgoytion ref the

RS (P S b e 15 TSP Gion rGUSNIBHO SRS 14, e flow
PULDME RIS [ RUE T ERE L T ——
TeBPS ;IR e ARG LI TeloEs AShATR,shiflgrs) necessary for
ST P 8B, DR SR P 3500 060 Rlblions (e
optical rotation (phase shift) distributions given to the respective
aspherical optical rotators (phase shifters)) calculated in the design step
S13. The last step is to manufacture a plurality of aspherical optical
rotators (phase shifters) having the surface shapes determined in the
shape determination step S15 and optical-axis correctors having surface
shapes complementary to the aforementioned surface shapes, and to
incorporate the manufactured aspherical optical rotators (phase shifters)
at the respective predetermined positions in the optical system (516).
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 et hod of the present enbodinent is FP06-0456-00

conpleted in this manner. [0161 ] The next
nodi fication exanple of the present enbodinent will 5
illustrate an adjustnent nethod capable of readily and
accurately determning the required optical rotation
((ptmse shiftery) dhavingbdbé orequitedeoptigalemotasiarhdphase  shift)
respective as%geri cal optical rotators (phase . )
sdisttibutdns. | Hheeadjustmente methad- afdhe rpigsente erpdiment is
Fig. 24 is a flowhart schematically showi ng steps in
tedtindhis menned accor di ng to the 10 nodification

t bempds

exanpl e of the present, enbodi nent.. | n the adjustnent ]
n{aﬁ%b] The mext rpadifiediongx o tl;tﬁd%ﬁsmt m@pgﬁﬂ?nt will
just as in the adjustnent t ho sho#vnia.Fig. 23,

t Hiustrate ; ar ¢ adjustment gpethof 1¢apablg <of insadilynapd accurately

o S B ) o o
DBIE 18 flh TSPRreIs APBUCRDMPURT. ks (PRt ishifiers)
by 2o bR Rl AR 25t o i ot
SCL 2 SSBSE by ARt b A blinep e
e R O B . T B
AT e PR BTN 24, o 0
e RN P P e
PR BPRIT At B cR9h s (1 ot PACRIEY dpois
S 05, S0P 8 O Y e
I B3t Rl NpblEiABNS R ARABRESHP Wand N theé 9 distfution 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

di stribution of polarization states on the surface to

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

183, iis 6 rdsbrminy fwhethee enctesifr thee dntprupil (layizatdbrnstate
it is determined in the deternination step S22 that
aidisteidsitiopnebait pleal poiptpivh thel surfaat foobe sHatrnated and the
di stribution and the polarization state distribution

i glisteibusionuof polanizationtstated emi thedsueficerto e dlurheated ewhich
of NOin the drawing), the fl ow proceeds 10 to an
amperexobeatined tst épe mlﬂatmhebasadpum thepdesighzdataoer by the
state distribution. On the other hand, when it is
deheasuressni misihg thee petarizagicno measupingy 2ection byt s @lmost
the in-pupil polarization state distribution and the
paimforpatiooa sesired dextent (R220n Wheal dbds defermimed gn the
the desired extent (in the case of YES in the
drdeiemginationestep SR 2pthaé @b deast sneftherappupil polarization state
determ nation step S27 of aspherical_ optical rotator

(hstsbutm andrthy. pqlam@aqlomﬁéat@péxsmb%@m dh nate§p wpiform to

of the in-pupil polarizatign_sta istribution is to
apbe slesirad exdent @n ﬁ@.qasw O f&»@rﬁl@m b Row proceeds
di stribution _abqut each gﬁént oréhpthe surface ta be

i 1tPu N AR OXEBAHPH e 85 &t M-pypilopolarization  state

a‘iﬂswﬁai {8 oiCButhe et aiRages RN R s AStFARIRG, 12
et %1}2%%%?@% ISZ% il ebéﬁhiﬁ?ﬁﬂi%?ﬂw& a&f‘ar%'tm state
o G Bd FRF TR 58 B Boh ATl difformn to

PABL 0 AN RO LD B 5 S gprocees

P.@'Rgm% Qgﬁl? ?g@gﬁﬁ%ﬁ%ﬁsﬁeﬁ?ﬁ %[}eas?)fhe{ilﬁl %Hti%ﬁf ¥tors (phase

shifters).

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,,
DSP3). 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 FRO6-0456-00

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

annul ar polynom als to represent the in-pupil 5

di stribution of degrees of specific polarization DSP,

pthe pupilliam ringehdpe {ensulap shape hite thes annalar allumination and
coordinate system and Zerni ke annular cylindrical

f becalisentheaeHeoteel lightsmiree angismsont qugdnaiihape in the pupil
functions. [0164] Nanely, the degrees of specific

poteupy grdrts afSthep ring regon érptheisdpele illumgnation. In the
bel ow, usi ;E t he Zerni ke annul ar cylindrical 10

f exprassion ofthe Zeonik Dsmqiar ophammials fo represeny the, in-pupil
0) +C2AZ2(p, O +CnAZn b) [ 165 g(i)
edisiribstionciolr elegsesn @fp mm 1¢z| l?ﬂ 7@4’51%5@ 3 i pupil polar
terns_of the Zerni ke agnnul ar | ynom al s
bépandlpﬁ%eﬂﬁ’r:@ aéﬁussearﬁs 3 GRETAIBHES Mey&gﬁ@%&ﬁnﬂfﬁ@ annular
f|r ter o the sixte nthterm 5 of .the
‘ GH dsﬁaﬂj@rtcémnmrwse s s R, G R OE ORI P EioRe
a no als "c" i.n the.func AZ
rE@f@&N %%( gree,sap;fosgqmgccpp Fzzﬂanq ﬁaﬁgé‘b 8 are
whi ch effectiv t source,reg on., parti
RSB i Eg rfbt)h Aoty PHPE" Ui YR At &y Bhdrical
dlarreter .S di anet er of therln region = a

i et %“%32@(58 20 [0166] [ TABLE 1] 88 FP86- 0456- 00

AZl 1 AZ2 pcosO _ 1+E
DSP(p, 9)—ZC1 AZi(p, 6)

=C1-AZ1(p, 0)+C2:-AZ2(p, 9)
ee+Cn-AZn(p, 0) (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, 6) 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 = ¢ innet/c outer).

[0166] [TABLE 1]
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AZ3 p sin 0 1+E2 AZ4 2p2 -1-E2 1-E2 AZ5 p2 cos20

1+E2+E4 AZ6 p2 sin 20 1+E2 +E4 AV

(3,d(1+e)-2p(1+EZ+E4) ) OD9B (1-EZ) (1+eXi +4E2+E4) APH6-0456-00
(3p3(i +E2) - 2p(1+2+64))sin0 (1-82)11+5F 2 +564 +66 AZ9

6p4- 6p2( 1+E2) +( 1+4EZ+E4) (1-E2)2 Az1U p3cos30 1+E2

+E4 +E6 Az11 p3 sin 30 1+E2 +E4 +E6 (1-E2)(4p4(1+62
+E4) - 3p2( 1+EZ +E4 AZ12 +E6))cos20 1+4E2 +10E4 +4E6

+E$ AZl3 (1- E2) (4p4( 1+E2+E4) - 3p2( 1+EZ+E4+E6) ) si n29 _

1+4E2 +10E4 +4F6 4E8 81 FP06-0456-00 AZ14 (iop' (1+481

+ed) - 12w (1+ +86) +3p(1+46' +1064+4e6+e' )) cosO

(1-8'Y 1+136244684 +46e6+136+s10 AZ15
Iop'(l+4e2+8‘)§&gp'(1+48'+48+66)+3p(1+4e‘+10s+4e6+ee))

sin0 AZ3

1+ g .
2 _1_ a2
AZA 2p lzs
l-¢
2
AZS p*cos26
1+g*+¢&'
2 .
AZ6 P sin28
1+&*+¢&'
Az7 GO (1+6)-20(1+£ +£))cosh
A=W (A+X1+H46 +£%)
ngs | 0P7{+e)-2p(1+8” 5 sin®
(1 —g? )\/1_+ 5e% +5¢* +¢f
60" —60°(1+)+(1+46” +£%)
AZ9 .
(1-&")
AZo P’ cos3g
Vit +6t +6°
AZLL o’ sin36
Jl+g+et +£°
AZ12 J(l—&'z)(4p4(1+€2 +8Y-30°(1+& +&" +£°))cos26
V1+4& +108" +46° +&°
s JU-DEF 1+ +64) 37 (L& +6" +6%))sin20
V1445 +106" +46° +£°
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(1-e2Y 1+1362+46e4 +4686+13s+810 AZ16
20p6- 30p” (I +e) +12, ?(| +382+8) - (1+9e+961+e6) (-82)3 \

F =6 inner a outer [0167] On the other hand, for EFP06-0456-00

exanple, in the case of circular illumnation, the
Fringe Zerni ke polynom als are used to express a

di stribution of polarization states in the pupil of
illTumnation light by a 5 distribution of degrees of
speci fizapol (ot (zats” o )DBP*(-DEPL 4 DSR2 3p(i +RSPYe +Hat St Jsos6
because the shape of tqwegzymiﬁg=z|+v4gg4|+|4ggag1§egyee region
in the pupi renl ay p4sbgs4grlsxc ‘I) [ e ) )sin@

i 11 uniMdei on~Erh X PEgss retal I EE L)
pol ynomi al s to expr esdl 1%

degrees of speE-30p" (bed 1228 867 1ROR: (11 B +Psi 4°) pol ar
a

coor di‘fdfes Wﬂﬁo‘iﬁ—ﬂmm—m‘e—s T ystem

and the Fringe Zerni ke cyli rﬁz al functions are used

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

t he degrees of specific polarization DSP(p, 0) are
expanded drn Eq (c) below, using the Fringe Zernike
cylindrT unctions FzZi(p, 0). DSP(p, e)=EBiFzZ (p,

e) =BLFZIOY*r6) +B2FZ2(p, 6) 15 +BnFZn(p, e) (c)

[0169] In this equatjon, Bi represents the )
ccﬁei6]i71; Qut theprothae hardpderi examples 181 theecasy fe circular
Zerni ke pol ynom_al.s. Tabl e (2) bel ow . 82 FP06-0456-00
piduennation) he HXinge cfﬁlemke Falyreigalo are hlésqdo Q¢ express a
termtio the sixteenth term, oyt of the.function ..
s;ﬁgs@fhuﬁgn( 9f p@iarmtmsmw the phetl/h Hﬁgma%on 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 illumination. 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, 6) are
expanded as in Eq (c) below, using the Fringe Zernike cylindrical

functions FZi(p, 6).

DSP(p, 8)=XBi-FZi(p, 6)
=B1-FZ1(p, 0)+B2-FZ2(p, 8)
«vs++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: psin 0 Fz4. 2 p 2-1 FZ5: p 2cos2 0

FZ6: p 2sin2 0 FZ7: (3 p 2-2) p cos 0 FZB: (3p2-2FP06-0456-00

psin0 FZ9: 6p4-6p2+1 FZ10: p 3cos3 0 Fzl1: p 3sin3

0 FZ12: (4 p 2-3) p 2cos2 0 5 FZ13: (4 p 2-3) p 2sin2

0 FZ14: (10 p 4-12 p 2+3) p cos 0 FZ15: (10p4-12p2+3)

psin0 FZ16: 20p6-30p4+12p2-1 83 FP06-0456-00 [0171]

| préesentadinky the functotoZdFFZA6 foraherfirstroetint itoahe eixteenth

exanple, the next step is to evaluate a distribution

ofteqm] aut zdt thenfimcics system FZgohOpainrthebterms of the Fringe

pol ari zation state distribution polynomal as a

f Wernikenpolymontials.mage- pl ane pol ar coordi nates (h, a)

and the pupil polar 5 coordinates (p, 0), based on the
|I§%§

cqeivot EHY2)of the respective terns in the

Zerni ke pol )inorri als acquired in the approxi nation step
S23 (ﬁﬁf? Specifically, the evaluation step S24 is
to set the polarization state distribution polynom al
that é&pLessesosfe pol arization state distribution

FZ3: psiné

FZ4: 20°—1

FZ5: p200526

" FZ6: p'sin28

FZ7: (30°—=2) pcosd

FZ8: (3p°—2) psin#

FZ9: 6p'—6p°+1

FZ10: p’cos30

FZ11: p’sin30

FZ12: (4p°—3) pcos2 0
FZ13: (4p°—3) p’sin2 6
FZ14: (10p*—120°+3) ocosf
FZ15: (10p*—120°+3) psind
FZ16: 205°—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

Appl1 7thain dhs adgsstnicnt mbthakof ithg présent mbdifieatiam example,
pol ynom al that expresses the wavefront aberration of

t tee menf estep am toogaluate sydistribmasom ofupelari@ation states about
i mage- pl ane polar coordinates (h, a) and the pupil )
peaeh podnt by reapekarization) staten dlstnbuaoagmdwnnuaﬁ as at fimction
pol arization state distribution polynom al can be set
bpfaths nimage-planshmpalae. coordimates nehner), ande the pupil polar
eval uation step S24 is arranged_to 20 determ ne the .
c6eprdipatest(p, 89, baredren ra-eosidicientd i of thearespective terms in
pol ari zation state, distr,ibution polynom al, based_ on

t Hee Z@mﬂqeep%lé@pmiseﬁ@@n@cf i tﬁ% EPPFsinaiion stapepia (524).

L%ﬁe&%éﬁ{yi‘b %stgg'ﬁf{{g%g@a{sﬁ%ﬁ s dtpio Sah @i?%ézolaﬁaation state
c 567 Bufion BRlyRREIBb A SHE RS dha R IanEa 08 S dipwibution
PSLSEESh A, SRS AP e S5 SO0 s
F hotrdihe; Bapll PIBE saTEIRARIP A o A5 dpr 15 Sftting of the
POl EEGor 518! TleipufiSn SBuRpoRARheletelitecis made 19, U'S.
t RoRREY RO RS LAPARE/0208285 S bl Jabaflede” Patent
AP R Th- OHe RpeBBE 2362 o T5 f ocuced to

57721 BB AR B S R € PpHbrion
SURFnGITAI R b0keROLeY D WPhvd fFort! RBERHAB! ¥f the projection

optical system as a function of the image-plane polar coordinates (h, o)

and the pupil polar coordinates (p, 6), 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 (523), 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 image plane of the

correspondi ng Zerni ke coefficient G . [0174] In tIFRE6-0456-00

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
poktlacrisz attemtiorns iafeeuded] fortesdmple, t@y Zeriige frection Zi of
pol ari zation state distribution polynoni al oL
s ianspdcifie dersh yamd praesfiofent fuf the-spepific tetis in ithe potarization
and the in-imge-plane distribution of polarization

sstate digfritfutidnpobyrsorninlt isi deteamined, foecenarsplesdyi the least-
to analytically deconpose the polarization state
disguaicdunéthodanbased oal auldisteibationptn cthie aojagst plane 2d the
solution nore quickly and accurately than by the_ )

t coatespodding dernikec boedicientt GiLﬁéé$tl“kb&1It10@p0¥ ioghlicient Ci at
W th a conputer. Nanely, it becomes easjer to capture |,

f eachr of pbintek pdiwthermorsn attentéonyist fbeusadio a Zernike
situation by the polarization state disgfrjbuti CT);Pl
pdimedenai ehanether specificsternsiand agogiijeient of the other term

perspective on optical adjusinent. 2 0175] .The pext

déBi dhestl@zal%l?ﬁ sisphe 15@&{31189& @Q?Y%‘bméﬁaorlé geguently
Lo 1 S 040 BB o st on o
p n 50

abgut . plural points on.the rface to be illum.pated,.. .

o slbhitRuttasnio Bt Mg Pl o dhe,epRsEPoRTiE¢EMIRE coefficient

_diré.tribution and the polarization state distribution
o

¥he surface to be illuninated are al nost uniformto
- AT anffs S e SRS et 28RS Th i obraining
offecaqirigfion sEaeg S Lo paBBp TP BB G ASRIF e GRessing
e RR0ET Pyt 4o bhe " i Taltf bR Effoton of
01 81akDUEbA" stite PR AFLRRIONAN ST Chshfy 'R POILATALOA 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 10 521, is first

approxi mat ed by Zerni ke polynom als as functions oEP(6-0456-00

I mge- 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
edistribetioby aBeub pkerap poymisroratise msiface tndepbluainated so that
coordinates on an 15 optical surface of the aspheri cal
opbile af the papilrpdlpriastos istdte elijtribiten apd dpapekiration state
first table T21 indicating a relation between
cdgstfibutient &1 thef sutface dopex filuminatedsarenalnhest 2anifoks to the
pol ynom al s expressing the optical rotation (phase .

s kiesirpd dixsenti nd itordasermineh (e paleniata) requiredoptical rotation
r ot at or §uphase_ shifter), and change in the pupil )
pGphasez shift) distributionsiter bepgivesn tabthe respectpes mspbarical
the surface to be illum,nated, and a, second tahle T22

i optical inetatars dphasersibBer®efoE oadjustingnthe grolargation state
respective ter in the Zernj ke, pol ynom als expressing

t sesteibution on ghgt syRAace h i@ ebe hilfuminated, jasgordmeofio need.
each aspheri cal optical raqtator. hase shifter), .and
cINReE e e sSaTE U OF RlaTiZaldR SHatER b i AlktAge to be
25 surface t.o be i]Jlumnated, ,[[0177],..In..this way,. the
délpgrnate pflg@gq elang T oReanitchds (he disfribution geduisition step

3, gl B2l ML B o
;gﬁ%;ﬁﬁﬁgmgroﬁ?&%{diﬁq% @Paf @i@g@aﬁ%ﬁ%fﬁ%@g %/zat ion |
1P 7B FoeliRGRRGE! L, gBfogh FordRahy BEaNE AR fifygBurion to be

S8 BB fiken 8Pl Rodhd GlrRbh PeD s i BSsed, for
SR 2R AT oL ibifiges on an
tNGtRAN Uk ARE! 9P 115¢ AkPhalSAl bPHEACRtRR)YHHESE shifter). Then

prepared are a first table T21 indicating a relation between coefficients

of the respective terms in the Zernike polynomials expressing the
optical rotation (phase shift) distribution of each aspherical optical
rotator (phase shifter), and change in the pupil polarization state
distribution about each point on the surface to be illuminated, and a
second table T22 indicating a relation between coefficients of the
respective terms in the Zernike polynomials expressing the optical
rotation (phase shift) distribution of each aspherical optical rotator
(phase shifter), and change in the polarization state distribution on the
surface to be illuminated,

[0177] In this way, the design step S25 is to determine the optical

86



10

15

20

25

simul t aneously expressing the in-pupil distribution
and the in-image 10 plane distribution of polarization

state distributions), and optionally based on an FpQ6-0456-00

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

s hbfdtjordi (phasduthift)s diftribigiorgspecbevgivephts i thal respective
optical rotators (phase 15 shifters) and the change In

t agpheical poptirdl z abtatorsst(phaseli shiftérs),i dori almbst uniformly
first table T21, and the correlation between the .
optdjusiing each iofrdigtritagonssof pupildpalarizbtivhsiatesfattiespective
respective aspherical optical rotators (phase .
sipicinésr n athe tsuefackange ben illhmipatedr iwhtleoalnoat euniformly
distribution in the second table T22. 20 é_017_8] .The
nemaindaiamng sot cadjakug athe tpalariaption pstate i distributienaes the
di stribution about plural points on the surface to be

i Isucfaceate beanduntinateds| basedaonothes tevaduation rmesulti apout the
on the surface to _be_illumnated, in a state in which

t polptization ¢ stats  dispHartiom acsprirachiny ¢het evaluphipasstep S24
shifters).  provided wth the optical rotation (phase .
sKEpegifighlyy i bthe onpolastzatigmedstate | nditebyiongn Rekypomial
S25 are placed at their respectiyve, prefigured . .
p&Emuligngously. expresping thiibannil STt apdpiher in-dmage-

Clane. dismitiram o POISTgatins Stalen S TRBHABS ) .oaf gptionally
o ibisai s rn Pt B A Rendar Raicie, & Hivear EpURIRE gh grgerence to - -
%_ el Polirdion ik, BrtabPiopatiaeri Prmgximaed By the
 Zeruliibofihaifilt. M R Baber e he BrTREL oo (Bhase
PPfET BRI, GPURE Tl AaBhiriCilt aBSel FiGigrs (phase
t e e et 11 e AR pbltizatidtE 4EREdRibfion in the

r 54 tSble 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

distribution are alnbst 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

determination step S27 is to determ ne the surface

shiapéx ofFurtecrasqigeritcid dgteimmed ovhethes ¢polasef the pupil
shifters) necessary for 15 realizing the required
opoilaratattant ataterdigisitagions abouy phiad rpaints ensthe surface to be

.calculated in the design step S25. The_last step is to

nilfumacatedeandhéhe polarization state sfiseibhwion ept theasurface to be
rotators (phase shifters) having the surface shapes
dellemmated, whichewere galarde@dnit e ghsteibupiossalgaiation step
optical-axis «correctors [

OB Sahmany IBorR Grogeira sutetdBa2s < R thesrrguired
oPOLER! TP (DR SAOIEHER Y iGR ers: egRLgeas AcRuEately
P Setmied: ' fheo oRrioaEAban, oA esednan oibé Roupling,
| ReStaBa i the drint5od-cract BrRRaRs e OO TRt L SPoSE2 results
Zéﬁ[&#&gﬁfﬂjﬁé Stﬁaggghlh%?t%g @fngggﬁﬂt@ppét,%gq distribution and
dié TaelBfizeflah s SRR 20 AR EISHRL to (e fesired
oihaeth BrRPREL BN GECAETHd e e ShBHaitnlh Shp 527 of
coePEEd shael ltht (RESESITIERIE, ' of (ne exposure s

236878 e SRAPE AR Reb S27.% & gHflikCthe surface
7 Shaielldf tCaGch ool Liftf A oftBts foRAGEUTHARS) RSy for

L Sbakzingduhd- Ge¥li@d 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 FPg%-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

MBEiit eahatos ahyhegtiniag uflicoaryor dw shisncade, stbiet phurality of
15 [0182] Fig. 25 is a drawing to express an overall )
syspeswecaspaing dre désimbly esiudted socali tehavedheirvespective
froma certain aspect. In the drawi ng, nuneral 301 .
deelaizdtion stabessidenticak stittbeash otiner. of Thisunakles OPC (optical
(apparatus supply maker) for providing manufacturing
appaxanity obrrestiony ofotucnasksdasededy Actuser ekallsl exposure
of the manufacturing 20 apparatus assuned herein

i apperkdus,e cooundncamongaithe gducalitygof gipestre sapparatus, and
various processes used in sem conductor manufacturing

f aeduedscbe mask eqsfrpl e, pre- processi ng equi prent

(lithography apparatus such as exposure apparatus, -
r é@igl]gﬂﬂ'@c%%blvﬁ gvitlpdegcathgsan @K@ﬂﬁfﬁé mutlr@ pr@@%m% g¥stem for
thermal treatnent apparatus, filmformn ppar at us
2Enjsradeyices (senl mrugkupét%lcgta%l{g ﬁéi@@oi&%@ﬁﬁyﬁal
equi prent assenbl.i ng appar.at.us,, i.nspecti on,

ety u@,CI?&,ct. -t maBbas Msads, Golcrponebiass, g so on)

establi shnent 301 there .,are a host nagenent system
308 BAN SRBPSERCH §Y SO FARER DU BYSk Gfposute apparatus.

TS AR S B S A BRI R g
(o 00rconehisit o0, atus! Lanetioe CSIMEEAAOE of
eSSBS AT SEE B i pcin
AN RS oSH o Hal HBEAA R sdr¥cds' e hddiflg BE65RTorh bP Wk Wre.
[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-processing 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 acturi ng makers as users of manufacturing TP06-0456-00

apparatus.. The manufacturing factories 302-304 may
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

pesthblislpeensi 301 dngesareni. host emahagémiche Spstenr i 338 for
302-304, there are 15 a plurality of manufacturing

appevid 206adintdnagicag datebdser efoimanuiachuing eappatatnas, a
(a plurality of exposure apparatus), a |local area
nptwaliky O Agerdtidn ¢emsinal compptars 3 h0y amd @ laiekl erea network
connecting them and a host managenent system 307 as
a(bAiN} 309 nndervictingf an intranctowhily copeeciitigpthem.  The host
situations of the respective manufacturing apparatus
30tnapenin systam kit ematgwefﬂrmw%mle@ LAN 309 to
each factory 302-304 has a gateway for connecting {he

L Endegaat i&O%adnmgctmyextﬁmak engbiodos oxtsidgn the™ business

external network outside the factory. Thi.s enabl es
acsteblishment, BnN 313eHTiy,dBnetion ofoy limbngn apeessy digm the
305 to the host nmanagenent system 308 on the vendor
3outsifdge, and access is permtted for only 25 limted

users_ by the securjty functio th t nage t, .
sy81 83 Gothe gtherp en@A%rr@@aﬂ[ 5@%4})%‘@3@% P?ayn%cmmg
ee%ch user is permtted to send otificat,on of

St

BE108ICR nf ofr nEETFPIGRAICR TRIHAEEIISn WAk eTS: | Bhsusprs of
SSBRh bR AL A9, PRBALALE 20 e 12304 may
L B 5 B RS- At
SSRGS cory o
b AR 9 8o BB R0a07 a0 e e
% %%Paﬂt?f Sf rﬁ%ﬂpacftﬁﬁﬁé 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

LLAN 311 in each factory through Internet 305 to the host management

system 308 on the vendor 301 side, and access is permitted for only

limited users by the security function of the host management system

308.
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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 t Fp06-0456-00

vendor 301 and for data communi cation through LAN 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

ap) B34 e Spatifielprdachutisédds tpwniitet oty sefiiea Iotifisation of
managenent system does not have to be limted to that
peeitiislednfyrmation véndieatinput opératisnal siugtoms bb€ trespective
adopt a configuration wherein a user constructs a i
daiahgfaenairg pippeestust 306 éngexaesymiptomt wir R swmyactiring
permt access froma plurality of factories of the .
uappatatus e ffbatrb acmble) dikes) thei factedy iside: tootheependor side
diagramto express an overall systemof 20 the present
etladighetite hstemneti 300 ,fardrtla oiseie is pepviftedite freeeive response
from that of Fig. 25. The exanple of Fig. 25 was th@%
canfarmation éo thieenetificating f(¢.gr.alnfoymetionste mdieade kaw to
each with the nanufacturjng apparatus . were connected

t irandlgh theetrouble; nand maftisare ead; Hatardan ngy Jnste-date

of the vendor of the manufacturing apparat us_rgnd .
wisefavarep end uneintenascoriptogariian suck asnhelpcirgppmatign from
data conmuni cati on of infornmation about ﬁm one 1
mihefeendor figleapphh@t CNTRHECHPR Fratecel, gongponly
FP06- 0456-00_ exterpal network. In contrast.to,it, the
pitsednin dhanBHerne & Uset IQjuidaia GoMeRIsation fhetsey cach

G A T AT ———
o5, VR SR e SR BB S B g 1SN
SR TSR BB Bl aso be usd
R ke U8 DTSR 58 P GRR:  The
P& 345 esn%é?ltcs%géﬁtfées%élti 16BN B B HRKSTONided by
the vendor, but it is also possible to adopt a configuration wherein a user
constructs a database and places it on an external network so as to
permit access from a plurality of factories of the user to the database.
[0185] Fig. 26 is a conceptual diagram to express an overall system of
the present embodiment as a view from another aspect different from
that of Fig. 25. The example of Fig. 25 was the configuration wherein
the plurality of user factories each with the manufacturing apparatus
were connected through the external network to the management system
of the vendof 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 Epes-0456-00

f oregoi ng enbodi nent, resist processing apparatus

203, and a filmform ng apparatus 204. In Fig. 26 only
one nmanufacturing factory 201 is depicted, but a
plurality of factories are networked in simlar

f agfiraa]l | ethastk: THA yep@ast uto | ft, thhe fpekenty eammple is a
connected through LAN 206 to construct an intranet and

t BSnﬁgﬁPdﬂc%? WHer8h 4 ifctorg cop@spdd dritnchaymfagadingyapparatus
host managenent system 205." [0186] On the ot her hand,

e@fgjlﬁfal bugidees 3s eshabttied ot gh e exernalasgrecirkveutside the
vendors (apparatus supply makers) such as exposure 20
afpeoay Ut mkaagehent restamspodc tesinegpeqiper averslarakef the
220, and filmform ng apparatus maker 230 is equi pped
m@ﬁangmpmmd wisdrein dath commuiAgationis performed
execution of renote mai ntenance of equi pnent supplied
b¥or acdintemmice, infioxnatien dstachamegmifachiringsappamiis. a In the
mai nt enance dat abase and a gateway to the external
nelramwing asubrale2@} idesigrates 8. mengfBringafestenenat a user of
system 205 for managi ng each of the apparatys in the
nemadwiacturing apparasuy (sFmicenduséer @,Vl@éﬁn@au’gﬂ@ turgng maker),
FP06- 0456- 00 through the Internet or d| .cated

nanvos iz fegtemelingdnvibeiagtnytis Emép thpanufacturing
systens 211, 221, 231 of the respec ve ap, aratu
vapperaius When Varions SPEJCEEERA, a St E-ou r%eqog%iarﬁxposure

g&;@%e Seqﬁwe |rg;§@nnlagnuf Cturi n%oqe%)qu@rlrggésssmg apparatus
Mot e “Va”?faim r%%ébﬁtsﬁ 3he2Pdr m Tomgig 26 'Snly one
onanaichng oot 207 s bt ”gg 0% bRyt 0 rtbtes are
rmr?e%v%% & y ngs1m1Par 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 203.
[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

equi pped with a display, a network interface, a FpP6-0456-00

software application for network access stored in a-
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

dﬂ%u%lrm;e ReéRt lorfd HedRated® hedrotlhas leixkarnal hetibrk 200 to
af orerfent1 oned network access software includes a

dest GahRsb@hentd8)stcats BITPOZE] WeB1bodwher respedtive apparatus
provi des, for exanple, a user interface of a screen

ageRlEN) aWlnn ¢xatids yisterhi g. tr@ibleonctins di smiyyone of the
[0188] An operator managi ng the manufacturing

apequeitisl hiuwrdstturingc equipeonts $ntihe nunwfachying line, the

information in respective input itens on the 20 screen

wopkeatiorowsi the ninufaceeing die wilif stopgdfutcthe vegdor of the
apparatus (401), serial nunber (402), nanme_of trouble
(4G8)pment evithi the dnoulslecean (pedfigrm degrade wainteyaney through
(405), synptom (406), action needed (407),. .1og, (408),
atioe fmtermet 20¢eta qpickly carg fortit.oherabyf minnmzmg%hc istop of the
Internet to the nmaintenance database and appropriate
manareaethwrang bher mati on 25 as a result is fed back
fromthe mai nt enance dat abase to be presented o t he
di[8pBAY Eathe oferthentmenufactpyrisg deppasptise ingslled in  the
browser further 93 FPQ6-0456-00 , provj des, hyper| igtk

f santicondugtor onanpfaciuring) (aetpry &4, e%@neﬁuwﬁhea isplay, a
operator .is allowed to access npre.detaile

i myebyiesk iiaterfassus sefiwalst apmicatiaahor ReFVRTK) acpess stored in a...

software_applicajion of an -to-date vergsion to he ..
usberags deyac AQRPHET 495 AXAFULDE 3% Appipation for

R e S VEROL a0 68,81 L0YBeRR b

O o) 255 S PR SR OB i, The

Lsaj‘ggé)rlpﬁéliégéé ONeAvhE IBARY" S9ntrt NGB ' 42Yedfoated 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
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section 18 in the foregoi ng enbodi nent, and the
af orenenti oned 10 response information may contain the

i nformati.on about the adjustnment _ anounts of theppg-0456-00
an

af orenenti oned vari abl e phase. difference nenbers

vari abl e optical rotating nenbers. [0190] Concerning

the af orenenti oned aspherical optical rotator, where

only the linear conponent (inclination conponent) of

t beowaEs CRYperlk FuALiONs 0@4&'0-41)21{ ian ill@steatele and thus the
conpensated for by this aspherical optical rotator,

t Bpeftbt ¢alallotcall 66 adeesh fivreldetaiied dhfermetige aboapeach of
as " shown in Fig. 28 (a). In this configuration, where

t e Weaos tangille a0foftvare wpplieatidn adtar pip-watateovatsion to be
is extrenely small (e.g., when it is in the range of
OuSed tin the' thantifictorihi cgipaaxivs, dwmex softwiredibrary provided
al ways have to 20 be provided. [0191] Concerning the
abyr & venidoonanid depletrievalanpbparatiohi guide, (hetiprinfommatyon) for
the |inear conponent (inclination conponent) of the

pllas epetitdr of thesfactomt foorefesta.o be conpensated for by
this aspherical phase shifter, an optically ) )

t [ah8Pph et foregbeng Istatis gnforsnatiors -may aontainsthe puforgmtion
(stress 25 birefringence distribution) of the |inear .
cabpuhdhe, pakirigation stateimeasged( by, theapolarizatian measuring
i nstead of the aspherical phase shifter. A ]
disectionui Boin the Hposewnge cotbodimaitiasnd rthet afetementioned
optically transparent menber If,‘hown in Fig. 28 &1b) .S a
phasponse; infoanatien puey 6entrnithe nforeatien ApeHk e adjustment

(inclination coenponent), .as shqown.in Fj, 28 (c).

| omoynia ! GeanraneauoRed arabe Phie kR fsmbers and
tranfa%?rent. §15 nmenber maki ng the mask has a

biveERDI$ gEHER! IAL3HRR BEMORTS.t he adj ust ment net hod

ing t h_.enbodi nent. descri bed .
VRTINS LTI 0 T
Lbﬁgt}énﬁé&t hﬁgg%rg(,%lo?q&fggrgqt I gﬁqd Sk gmc'o%?p&?eon%?l 8t %he optical

rotation distribution is to be compensated for by this aspherical optical

rotator, the optical rotator used may be one of a wedge shape, as shown
in Fig. 28 (a). In this configuration, where the wedge angle of the
wedge-shaped optical rotator is extremely small (e.g., when it is in the
range of 0.5' to 10", the optical-axis corrector does not always have to
be provided.

[0191] Concerning the aforementioned aspherical phase shifter, where
only the linear component (inclination component) of the phase shift
distribution is to be compensated for by this aspherical phase shiiter, 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

94



10

15

20

25

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 55596'0456'00

patterns fornmed on the photosensitive substrate.

in a case.. where the projection optical systemhas a
predeterm ned retardation distribution, the nmask can
be illumnated with illumnation light with a

P Lk PEhE bRHERIOP tHAR RPRPARSHN ROF{RR8 (b
RF Bh ST Sh, GERS bBULARY (RRpatehtaheRRrRTBRI ROFIE2S (b)
frasi bhieadeo AP I BftriHRA6AJRET e dind@! OLZFONER (inclination
states due to the projection optical systemand to

re nehfig a¥isHbhm RBIRI2R @), patterns formed on the
phot 0sensitive substrate. [0193] The exposure

apPESZY For adxdrhiglel ofwapiinga egdxediwiiire aenopiicallis adarisparent
manuf act ure m crodevi ces (sem conductor devices, inage
2thathbet prdking eshe | itiskd-leasy s4 abirdifiippeyceledistiébution, the
thin-filmmagnetic heads, etc.) by illum nating a mask

( néjustinent byethvel iddcordingt toneaubt iesabodiapgrer described above
(illTum nation step) and projecting a pattern to be_ ]

t Eanﬁits rthe dppafatosrésl iliumiheteths imaskntithaillumination light with
phot osensitive substrate with the projection optical
sugiciarigatigo distebstiep)capablesficpimpensating dohthe birefifingence
formng 25 a predetermned circuit pattern in a wafer
odisttibutiokansisleghphnags amsd iy thusfedasiblate carrdet degradation
exposure apparatus of the foregoing enbodi nent to 95
Fefpodaszation sitenilne sothe anaskand taaedues ling-width anomaly
m crodevices will be described below with reference

t oft pattamswinarad en they phrdosgrpitovg sppstate. st Eyeapliggicase..
in Fig. 29 is tq deposit, a netal filmon each fer ]

i where thet prajestieaxppiiealy sysfem dasoagpisdgtermined retardation
phot oresj st onto the etal. filma ch.wafer .jn .

t Kastributions éhe matkcam bestbamingted with ilumigaionlight with a
transfer. an |j. e of a pattern on the mask_.ntp. each . .

s RolaTization slisteRumanscabable PheamapenTa By FOF iais Tetardation

g%ﬁﬁ&b@%@%ﬁhh ?slr ﬁ@%ﬁ@lg#ﬁ%ﬁe&%%ﬁ of polarization
states due to the projection optical system and to reduce line-width
anomaly of patterns formed on the photosensitive substrate.
[0193] The exposure apparatus of the foregoing embodiment can be
used to manufactufe microdevices (semiconductor devices, image
pickup devices, liquid-crystal display devices, thin-film magnetic heads,
etc.) by illuminating a mask (reticle) by the illumination optical
apparatus (illumination step) and projecting a pattern to be transferred,
formed in the mask, onto a photosensitive substrate with the projection
optical system {exposure step). An example of a technique of forming
a predetermined circuit pattern in a wafer or the like as a photosensitive

substrate with the exposure apparatus of the foregoing embodiment to
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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 eaChFEOG—0456-00
SK,

wafer in the lot, using the resist pattern as a nma
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

PAbiARNSrBoHBASlor! BNBESs agRflicoblievises Wil B®Yescribed below

manut acturing 15 devices such as sem conduct or

dQitls Bsferdit® @R Geekatt fdrigepbod of manufacturing

sem conductor device permits uUs to obtain

SE0] Juhet Brstdeah GOd M Flip.eX9 ieneldeplositea enetalifilm on each
pgﬂ%ﬁs at hi %ﬁypthrough%t. [ 0195] chhe exposure
appienin omef lothe Thy sgai stgpe3dbd peabpbya phctoresdst outo the
used to manufacture a liquid-crystal display device as
anmétal dilayiore eatly Wwafori imgthe éoet €The redbspauerntr step 303 is to
(circuit pattern, electrode pattern, etc.) on plates

( gbgaentialbs tranisfey) an Amageaophepaifern omcheimask infot edch shot
case wWill be described with reference to the flowchart
ofar&d on 8Ach IwafdFi in the lot through the qprojenjion aptual system,
to execute a so-called 25 photolithography step to

t nsirsd ethea emposieren apparatnasef dieo faregsing oembodimegat.  The
substrate (gl ass substrate coated with a resist, or

t Isebbeduant €ep Y i9466padormi develnpmensgafithe photoresist on
apparatus of the foregoing _enbodi nent._ Thjs )
pleach| wafesgnatpiylot pogd theswubsequent; $epi3Ry im perform etching
predeterm ned, pattern |ncluding a nunber of
elarceachimeatanin thealots using the psbvtdatianas,@ mask, and thereby .
substrate. Thereafter, the exposed substrate is

b .
sUpj rmea escwspetiern raTesponding tasthgepatgpnen the mask, in
etchi ng, and resist, renpval ereb r.edet.er m ned.
peRAchr $atsaTed rofe §aekh W rsu%ﬁﬂ@%ﬁﬁgé@? c dtion of

prqcess shifts to the next color, filter form ng ste .
AT mRJerh et RPeE ofBert PRgr Ofticht iibp tadagturing

to,farma color filter, in ] .
devices such as semiconductor 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 paftern of a mask onto a

photosensitive substrate (glass substrate coated with a resist, or the like)
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whi ch a nunber of sets of three dots corresponding to

R (Red), G 10 (Geen), and B (Blue) are arrayed in a

matrix pattern, or in which sets of three stripe gppg-0456-00

-filters of R ( and B are arrayed as a plurality o

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 cel

a ﬁfmdp n | af @bl ferexdihguethtiodintenlt.  This

pgﬁe bi%ﬁ?gﬁgfﬁgﬁg%ﬁﬁggcell), usf%% t%e Ssubstrate

' y neduiat ierforaikhgl fird predéfeemined pattern
EEP?%?Eﬁfgﬁﬁgﬁggﬁﬁip 401, the colog filgér obt ai ned ?n
t ieclaaly o invngber fofr BlattrotegPar@othensd aio the. phbidehsitive
In the cell assenbling step 403, for exanple, a liquid
CEkibétedtel S ThpuaRer, i thieoeRpbyatsubbiateuls tsubjected tfo eheh of
predeterm ned pattern 20 obtained in the pattern

5 f gtepsnencti ey €@velvpintity etohing,f and eresistt remeval, nwhhreby a
color filter formng step 402, to manufacture a liquid
chysdetermanet patternuisd formetabonc ¢he )subbhrats.ubsldwpreafter, the
modul e assenbling step 404 is to install each of
c prpcessshifts te thenexncaoe diltdrdoing step 40backl i ght ,
etc. for display operation of the assenbled Iiquid .
c[9$96] Theneé¢xt(dolquifidterrfpsmang stepcdD? )is to formm eokortfiléer in
I iquid-crystal display device. The above- descri bed
mevhich af number aff setsngf ttheee idgts correspoading o) By (Red), G
device 97 FP06-0456-00 permts us,to obtain. the

10 | i(Gureen); apdtBI(Blugpirgyarsayed i ainparix patieme 08y Whigh sets of
circuit pattern at_high throughput. [0198] In the..
f dhesgostrigednltergi ofdis G paddx ges arrayed gaia phya IfyeOJines along

[ I l'i ght th:, 193 or t Kr F
:Qg;a %izcgggli sqa;lxg fe %@%q%?cg? :ccgag?e]q%q ogagq color filter

e 182! 3,55 e Bl AP S, B SO0 T cel
AN T TN O Y - I
15 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
20 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
25 cell) to complete the liquid-crystal display device. The above-
described method of manufacturing the liquid-crystal display device
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[0199] In the foregoing enbodi nent the present
invention was applied 10 to the illum nation optica

apparatus for illumnating the mask in the exposug®ps-0456-00

apparatus, but the present invention is not limtedto
this exanple and is also applicable to ordinary
illumnation optical apparatus for illumnating a
surface to be illum nated, except for nmasks, and to

a?eiﬁ‘iﬁﬁﬁﬁ taBbRAASThENR{IAE crydfal [BRSSTRY RidviBe With an extremely
Reference Synbols [0200] 1|1 ght 'source 3, 4 variable

phagecidiiit pagRES ﬂﬁf@pﬂﬁou bol ari zer 6 diffractive
g 2 af ocgllllglgtp

optical element 20 l ens 9, 19 vari abl e phase

di[m%gmﬁeth_@n'fdx@goﬁfg eaibhedimenti ¢RnNesposiee ghe souy the ArF
| ens 12 variable optical rotator unit 25 13 mcro

f lexcimer tadee ipht 4 weslelerigthi 198 rrahiok che ¥ FFERENIAHasOO0light
15 condenser optical system 16 mask blind 17 inaging

il o3 anptel s e et
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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CLAIMS 1. An illum nation optical apparatus for
illTumnating a surface to be illum nated, based on
light froma |ight source, conprising: a poIarizatFP@6_0456_00
converting element, |located on an illumnation pup

pl ane or a plane near the illum nation pupil plane,
including a first converting el enent arranged on a
first region of the plane and a second converting

el ement | 3rdondaaseOfbticAasefdnr egi on of the plane which
differs fromthe first fegion, wherein the first
convert ijgangdlepHAdl and the second converting el ement
are arranged along a circunferential direction of a
circle qqqhgg’iﬂ op@ilaali@yswh'i cal axis of the

illum nation optical apparatus, the first converting
el enent 18wiludestivakialb heedshiroigeessioand changes a

pol ari zation state of light at the first region, and

t he secdddnasknverting el enent includes variable

t hi ckness and changes a pol arization state of |ight
at the Pécprojectewi opticahsiegpemdent |y. 2. An

illum nation optical apparatus according to claim1,
wher ei nWheafefi r st converting el ement includes a first
vari abl e optical rotating nenber which variably
yields a first polarization rotation angle to incident
linearly polarized |ight and the second converting

el ement includes a second variable optical rotating
menber which variably yields a second polarization
rotation angle to incident linearly polarized |ight.
3. An illum nation optical apparatus according to
claim2, wherein each of the first and second

vari abl e optical rotating nenbers has two deviation
prisnms made of an optical material with an optica
activity and arranged to be novable relative to each
other along a direction intersecting wth the optica
axis of the illum nation optical apparatus. 4. An
illum nation optical apparatus according to claim3,
wherein the two deviation prisnms are arranged so that
crystal | ographi c axes thereof are
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substantially parallel to the optical axis. 5. An
illum nation optical apparatus according to claim3,
wherein the two deviation prisms have their
respecti ve wedge- shaped cross sections 100

conpl enmentary to each other. 6. An illum nation
optical apparatus according to claim2, wherein the
first and second variable optical rotating nenbers are
arranged along a circunfdedlMS| direction of a
circle centered around the opti cal aX|s of t he

illumn |onot|cal paratus #7 mw mnatio
L opti ali oqnp@r%wsc o Kige Arsuréags to be
1llmhr1%atedf ba@d and1giﬂcfmsm a/hghabbmcept:onqinsmgat i ng
C
i u%psol‘ﬁﬁ%%t‘i‘%latc%%?e%%ma%@ﬁ {oR%i<H o3 P Riyhingtion pupil
plangr tarea plamproeamghe pbiminatan qupit aplenepadschidigg a first
coﬁ?t‘!ﬂtﬁ%‘é’férﬁe Aia ggﬁtgn Pq né OBf Sth%ﬁlaﬁé Aridmt second

reac
COBYCIE FlABen GHIRRERb 0B  SPromd ée%]@inl ehtha plang. Wgnch differs

from whefast 1@ﬂJ usted according to a result of
nmeasu ene.nt olari.zati on state asu .
oo, WORTER Y Y TR, idhndh g e eqhl o popverting
elenoemnt memr.tangd:tb nbong hferdumrential directignedfearencle centering
iAc nce nmenber
on\lﬁll Jé‘ﬁm\f% &a{% lo"f%he Yﬁg !11?08 I?)?) %ﬁﬁl g%f)%l%ﬁiér ence bet ween
i nci tiawﬁrstucgmveamg @Jz@mgnh gmlugm vaginhble tickeessrand changes
a}ﬁﬂélz\i%ﬁd)ﬂgteﬁé%fﬁ{ght'di‘%hé%t élﬁﬁﬁozﬁ?d vari abl e phase
ence nber ari a | ds a.second phase
G 11 Gieoreeondotopgstting: Sement et Stias niicRagss. and
chdfigeshm poldriwatiat stave oplighslat dwaéc&tndsr?)on,r fidepehdently.
claim9, wherein each of the first and second

vari abl e phase_ difference nenbers includes a Babinet
2. compAmsBlwnimation eptietl apparptrsacarding to atdin 4y méregeinh the

fir§' O8fverdthg element includes a first variable optical rotating member
which variably yields a first polarization rotation angle to incident linearly
polarized light and the second converting element includes a second
variable optical rotating member which variably yields a second
polarization rotation angle to incident linearly polarized light.

3. An illumination optical apparatus according to claim 2, wherein
each of the first and second 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.

4. An illumination optical apparatus according to claim 3, wherein the
two deviation prisms are arranged so that crystallographic axes thereof are

substantially parallel to the optical axis.

5. An illumination optical apparatus according to claim 3, wherein the
two deviation prisms have their respective wedge-shaped cross sections

100



axis substantially parallel to the optical axis of the
illumnation optical apparatus. 11. An illum nation
opti cal apparatus according to claim9, wherein the
first and second variabl e phase difference nenbers are
arranged along a circunferential direction of a
circle centered around the optical axis of the
|Ilun1nat|on opti cal apparatus. 101 12. An
complgmeniaryo %?ﬁh ethlerappar at us according to claim9,
further conprising; a polarization state neasurlng

devi ich asur es olarizatio st at
6.1 ouc R i QPEcEaBRARRS ATHLRE IGEHB! 7 Sohiirein the
firsf ahtdesddorgl vandbke opitiday abtaine mbaberdlisiré ememg’ed along a

il BN %ﬁﬁ%f%oﬁﬁsf%%tsﬁe@@ B tn@hptiggl axis of the

illgematéon vpticahappamatiihat i on opti cal appar at us
according to claim1, conprising further conprising:

an other_ pol.arization converting el enent | ocated near
7.the 4 fillEminatiopeoplical ARpAEES Accargagi 19 shaim 6, wherein

ea@]@t of ahky feanjandakecond hvirigblsubhees! rotdifhg members has a

b | u at ed or ear the conjugate positi on and
S“%‘&BF |nga pol arization state of

I NCi dent I | ght into a predeterm ned pol ari zation

st at e I a ver
8. el ema vi}pocabﬁubghgﬁhggr azlﬂ) %510 ﬂ<"511r§| é%(?&g%% 9 (%lé{oig‘l 2, further
comprisingata g angwtlm@nStaﬁ@ ngasutag: slayace |w.1nm¢}natrmsures a
oléhzzﬁ{br%tfa@éb&fﬁ @E’éﬁéﬁﬁ tRe fa%brig He@lurhidgdgat i on

opt i cal rafus as n ai m eréin a
Wi ie Car e B el SPEPRRKIARIC BPUCHL TOIHIEnS FagbR is
adppted aicc@mﬂrgat@lsa irgsyplt apfe @ﬁ@@u@ﬂh@nﬁ bfp hlo¢ quelngizhiive state
m lﬁgmr gﬁ, % ef fect exposure thereof. 15. A
%‘% &9YYI6H convert | ng el ement used with an
iIlum nation optical apparatus for illumnating a
9. surf agPilhfiniatidd HPHiBAL §SharRAREERRIIHOHY chipm 2
wherein the first converting element includes a first variable phase
difference member which variably yields a first phase difference between
incident light and emerging light, and
the second converting element includes a second variable phase
difference member which variably yields a second phase difference
between incident light and emerging light.

10.  An illumination optical apparatus according to claim 9, wherein
each of the first and second variable phase difference members includes a
Babinet compensator or a Soleil compensator rotatably arranged around an
axis substantially parallel to the optical axis of the illumination optical
apparatus.

11.  An illumination optical apparatus according to claim 9, wherein the
first and second variable phase difference members are arranged along a
circumferential direction of a circle centered around the optical axis of the
illumination optical apparatus.

101



i ght source, conprising: a first converting el enent,
arranged on a first region of an illum nation pupi

pl ane or a plane near the illumnation pupil plane,

i ncludi ng vari abl e thickness and changi ng a

pol ari zation state of light at the first region; a
second converting el enent, arranged on a second region
of the illum nation pupil plane which differs from
the first region, including variable thickness and

12¢hangiglianighibhZ 8ptieal %p?fa?at% bx’:&ﬁﬁdn? foh@1#fF D further

regi.an, and wherein'the f t and second converti ng
CORMEAEREs are arranged along a circunferential
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mé’lﬁbb f?ﬁf] S{t@ﬁ a%&tdlﬂgo 1GeaDGEcYRI B asﬁpéﬁient l%?( the

q)f polari zatPon rotation angle Incrde
P WWWS‘(%‘P Brgasuaing dgiticeand the second convertl ng
eI errent i ncl udes a second variable optical rot atl ng

ich vari abl ields a sec ol ar.i zat . .

3 ot advtbi gl on opiite] BBRETatin aar P IREIB <1368 1. GHpprising
fuﬂtheréonqummgatl on converting el ement accor di ng to

cl ai

var | ghgf“@s!;agﬁihﬂq%?&;g%ﬁﬁ%gleﬁ%ﬁi 1%?9&%16[3 51[6 sur{‘face to
bepil lsmnafade agfa osipon dmtlwbemoa)nug@tahwath élpcuswface to be
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parall el to the optical axis.
14. An exposure apparatus comprising the illumination optical
apparatus as defined in claim 10, wherein a predetermined pattern
illuminated by the illumination optical apparatus is projected onto a
photosensitive substrate to effect exposure thereof.

15. A polarization converting element used with an illumination optical
apparatus for illuminating a surface to be illuminated, based on light from a
light source, comprising;: ’

a first converting element, arranged on a first region of an
illumination pupil plane or a plane near the illumination pupil plane,
including variable thickness and changing a polarization state of light at the
first region;

a second converting element, arranged on a second region of the
illumination pupil plane which differs from the first region, including
variable thickness and changing a polarization state of light at the second
region, and

wherein the first and second converting elements are arranged along
a circumferential direction of a circle centering on an optical axis of the
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19. A polarization converting el enment according to
claim 17, wherein the two prisns have respective
wedge- shaped cross sections that are conplenentary to
each other. 20. A polarization converting el ement
according to claim16, wherein the first and second
vari abl e optical rotating nenbers are arranged along a
circunferential direction of a circle centered around
illgmanaipon egticakagpamtesie i1l uni nation opti cal
apparatus. 21. A polarization converting el enent

accor,ding to claim?20,.wherein each of the firs
169000 PY 1RSI sppveting s[eamfgaﬁ%fmvg tReglagmn” |5, Wherein
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ener gi ng e secon conver Ing e
aﬁéﬂ&@@ﬁl@fs‘é’b&m verabbbyelds ssecoppip@pagadongptation angle

towittldhntfﬁhbﬁbk?o)laﬁh@ﬂ fighecond phase difference between
i nci dent and enmerging light. 23. A polarization

converting eI ement according to claim22, wherein
1 7eachAopotdrezdtions t:onnet'tm elemenat aa:hbrelnm@ aoecldirhf &6 enderein

eagﬁ e st :ﬁg)[ tsg%? é a‘%l[?oun ao%ﬁﬂﬁé Bei&5! has two
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deymmrapﬁsals masker of Ia®I 0pbcalhmaépma1: arltfamomlcalh@ctwny and
|
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aI ong a circunferential directi on of acircle

185 01T B POl AN, LRy Blorfiind altorsing sbi fin" 77 Wherein
th@tpwar@matmnrpmsmm araarianged sutlaoeysial raph1c axes thereof
aréI Wl’z’é’ﬂaﬂﬁﬁﬁ%&aa‘?ﬁ?@l‘jto%eld;ﬁmal P a |ight source, the

um nati appar at us
19. A polarization converting element according to claim 17, wherein
the two prisms have respective wedge-shaped cross sections that are
complementary to each other.

20. A polarization converting element according to claim 16, wherein
the first and second variable optical rotating members are arranged along a
circumferential direction of a circle centered around the optical axis of the
illumination optical apparatus.

21. A polarization converting element according to claim 20, wherein
each of the first and second variable optical rotating members has a
substantially sectorial shape.

22. A polarization converting element according to claim 15, wherein

the first converting element includes a first variable phase
difference member which variably yields a first phase difference between
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conprising: a polarization converting el enment
conprising a first converting el enent, arranged on a
first region of an illum nation pupil plane or a

pl ane near the illum nation pupil plane, including
vari abl e thi ckness and changi ng a pol ari zati on state
of light at the first region, and a second converting
el enent, arranged, on_a second region of the

ingidenilight ars epinseinglight and ch differs fromthe first
9100 st Wt b s oo i
diffpreniee nember rihavarialy el d aisoerns mhaar diHTne: between
incideanlight ahdemerging tighttf erential direction of a
circle centering on an optical axis of the

iIlumnation optical apparatus. 26. An illum nation .
230pt i Aapolarjzatianusonvening slpmentc he¢ondsg towlainar22, wherein

callP T thal gt a%dp%&frisdzééﬁm%ﬂés% HERS 'biinﬁﬁ;\ﬂe% i%cludes a
,ICh neasures a poLajl. ati state o |gt regc I Ng
B tsCATPREBSALET 9E § p{mf pemmensaioEret#abhearmapged around an

axisosu&!téﬂtmbﬁjgmm to ik bpeivabakisl G thedl luabindtiont aplratus.
rotating menber which variably yields a first

pol ari zation rotation angle to 104 incident linearly
24pol aAi pelthrizagiom, cohreeserelementy ec¢ondgngltendaim 22, wherein

the, S5t 65 sBo 76 YAHabRE bRALE kIR iy e Hitiified along
a caﬁ@nrafeneatmh@i%wmm phaatirglepsentero@ arongdithe pptieslcaxis of

thé’ﬂlﬁlﬂﬁla{tidrﬁbgﬁeﬁl Rflisvari abl e optical rotating
menbers i s dj ust'ed according to a result of

measur enent by the polarization state measuring
25devi Ag ilRTmiration Icilpﬁdaiitd@armtsi fozl ithpparaings af aurface to be

e Y AT TG —
comprising: a polarization converting element comprising
a first converting element, arranged on a first region of an
illumination pupil plane or a plane near the illumination pupil plane,
including variable thickness and changing a polarization state of
light at the first region, and
a second converting element, arranged on a second region of
the illumination pupil plane which differs from the first region,
including variable thickness and changing a polarization state of
light at the second region,
wherein the first and second converting elements are arranged along
a circumferential direction of a circle centering on an optical axis of the
illumination optical apparatus.

26.  An illumination optical apparatus according to claim 25, further
comprising:

a polarization state measuring device which measures a polarization
state of light reaching the surface to be illuminated,

wherein the first converting clement includes a first variable optical
rotating member which variably yields a first polarization rotation angle to
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apparatus conprising: a polarization converting

el ement according to claim22; and a pol arization
state neasuring device which nmeasures a polarization
state of light reaching the surface to be illum nated,
wherein each of the first and second vari abl e phase
difference nenbers is adjusted according to a result

. of neasurenment by the. polarization state neasuring
ingidenthneady pabatized Bghkt i on optical apparat us

accofifll Rechd Torveridlg dleRdeR@ incARITR! & detBndafafiblY optical
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mé)é},hﬁdgzgé‘}ieg_ converting el enent |ocally changes a
pol arrzation state of illum nation |ight on the

surface to be illunm nated. 29. A nethod of
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28.  An illumination optical apparatus according to claim 25, further
comprising:

an other polarization converting element located near the surface to
be illuminated, at a position optically conjugate with the surface to be
illuminated, or near the conjugate position, and adapted for converting a
polarization state of incident light into a predetermined polarization state,

wherein the other polarization converting element locally changes a
polarization state of illumination light on the surface to be illuminated.

29. A method of manufacturing a polarization converting element used
with an illumination optical apparatus for illuminating a surface to be
illuminated, based on light from a light source, comprising;:

preparing a first converting element including variable thickness
and locally changing a polarization state of light;

preparing a second converting element including variable thickness
and locally changing a polarization state of light; and

assembling a polarization converting element with the prepared first
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of an illumnation pupil plane or a plane near the
illumnation pupil of the illumnation optica
apparatus, and the second converting elenent is
arranged on the second region of the illum nation
pupi |l plane or the plane near the illum nation pupi
pl ane of the illum nation optical apparatus, wherein

the first and_sel%&?d converting el enents change a
andqiespndgonysrdnaelements; gid at the first and second

regi assemblitgwhe Rilarizfgon icodveAtivi SRGABAL HABVAT illuiflination
l ements are arranged al o . cugum‘eren“al . ]
opgicALapparates dehirs condientite slgmsnt i aprsnied on 2 firggregion
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IrTum nat rAg a surtace to be IT1dmnated, based on
arfangied on dhe secondregisur of the edumination:pupikplatiengr she plane

VT one & g )
neBPHH {IR&hiRRiGP Mﬁnﬂ éﬂglﬂﬂ% %g%ggﬂ‘g#g%l?%ﬂﬂ@? h‘éﬁgg}ggaérgms,

according. to,cl ; h r

pol o AR et PRY SCERBAL GAMVS elermniachange a
pom?wmﬂt'iﬂ state of lightlaatee ﬁlﬁ}af arﬁilséddnd&e%bh%mm?ﬁi LI o]t

the _j i pat tical .apparaj.us. ] met hod o

rmnuheet I Rt Ba BRI HitE emepts f eiFnded along
a pacumferantishrdivdgtian of coepclsicentenmg war angoptical axis of the
iuhh{iﬁg@égﬂgp%apﬁgpﬁg%%s_appar atus by the nethod

according'to c and assenbling the prepared
i1lum nation apparatus into an optical path of the

30expouigethpdabAtrignufb@furing an illumination optical apparatus for
illuminating a surface to be illuminated, based on light from a light source,
comprising:

preparing a polarization converting element by the method
according to claim 29; and

assembling the prepared polarization converting element into an
illumination pupil plane or a plane near an illumination pupil of the
illumination optical apparatus.

31. A method of manufacturing an exposure apparatus for projecting a
pattern on an object, comprising: preparing an illumination optical
apparatus by the method according to claim 30; and

assembling the prepared illumination apparatus into an optical path
of the exposure apparatus.
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