DESCRI PTI ON OPTI CAL UNI'T, | LLUM NATI ON OPTI CAL APPARATUS, EXPOSURE
APPARATUS, AND DEVI CE MANUFACTURI NG METHOD 5 Technical Field [0001] The
present iwoeandvsmsael ates to an optical unit, an illum matrijerospisreal
apparatus, an exposure apparatus, and a device manufacturing nethod. Mre
particularly, the present invention relates to an 10 illum nation optical
apparatus suitably applicable to an exposure apparatus for manufacturing
such devi ces as sem conductor devices, inmaging devices, |iquid-crystal

di spl ay devi ces, and thin-fil m DESERIPTEON by |ithography. Background
Art 15[00021%[& typi cal exposure apparatus of this type, a |ight beam
emtted fr@MIACAIght ,ce LIAVMINARIONh OPFTICALey APBARAFUS) opti cal
integrator_to forma seconda}y{ul i ght source (a predeterm ned |ight

i nt ensi ty HXEOQSURE BumAND oDBVICE | MANUFAQTERING
substantial surface illum nant consisting of a |arge nunber of |ight

sour ces. 'M@Hdﬂlaht intensity distribution on the illumnation pupil wll
be referred to hereinafter as "illum nation pupil |um nance distribution.”
The il lum nation pupil is defined as a position such that an illum nation
target surface becorres a Fourier transformsurface of the illum nation
pupi | by akechacalt hﬁldopt I cal system between the illum nation pupil and
25the i1l lfgb(? ?t I’lohe i)?és%n% ﬁgerrit?gf réﬁtgsa %( agroptlc fuenrrc ! e?nti gm(ir?gt?or? fthe

optical apparatus, an exposure apparatus, and a device manufacturing
method. More particularly, the present invention relates to an
10 illumination optical apparatus suitably applicable to an exposure
apparatus for manufacturing such devices as semiconductor devices,
imaging devices, liquid-crystal display devices, and thin-film magnetic
heads by lithography.
Background Art
15 [0002] In a typical exposure apparatus of this type, a light beam emitted
from a light source travels through a fly's eye lens as an optical
integrator to form a secondary light source (a predetermined light
intensity distribution on an illumination pupil in general) as a substantial
surface illuminant consisting of a large number of light sources. The
20 light intensity distribution on the illumination pupil will be referred to
hereinafter as "illumination pupil luminance distribution."  The
illumination pupil is defined as a position such that an illumination
target surface becomes a Fourier transform surface of the illumination
pupil by action of an optical system between the illumination pupil and
25 the illumination target surface (a mask or a wafer in the case of the

exposure apparatus).



exposure apparatus). [0003] Beans fromthe secondary |ight source are
condensed by a condenser |lens to superposedly illum nate the mask on which
a predet ewoizo@dspatit ern is formed. Light passing througlrctthemssdo7es4 avel s
through a projection optical systemto be focused on the wafer, 5 whereby
the mask pattern is projected (or transferred) onto the wafer to effect
exposure thereof Since the pattern forned on the mask is a highly

i ntegrated one, an even illum nance distribution nust be obtained on the
wafer in 03] tHeamsulreme|the t sevontery tliglt sonecepare evondemisedt by aaf er .

10[ 0004] There is a conventionally proposed illum nation optical apparatus
capabl e ofopgdenserudess yta haumerpgsadly illuminatet itha pugski drunwhiclcea
distribution (and, therefore, the illuminpation condition) wthout use of a
zoom opt | PEedelgemined (patterapism dosmpd: enkiglyppassing othrough- e maek

2002- 353105). . The il lum nation opti.cgal apparatus 15 disclosed in the

Appl i cat i &Fvieks APropEshienzepi %@%nlatmgeaf@pasc?djpmtheiwa&r, conmposed
ofri]large nunper . of m.cro mrror elements which are arr?]&?ed in an array
fo

and AYRFTEDY 4he mpsle paitSHR 15Praigeied (ar transderrad) entathe wadet taual | y
drive-contrplled, and i,s soconf.igured that an i ncident, beam.is divided
into bean® tﬁ@qsuﬁ%itﬁgr%ﬁogl@gﬁ)&ﬁﬂi ¢85 fmped (Qthdhe ynageds af t he
mrror el eaents. .the beans of snmald units are, f.ol ded by t.he Lti-mrror to
convert a %%ﬁoﬂ?’ %8V?%tha%msmgﬂgﬁn@% strhejoRiaamed or 2

desired size Nt a desir illumnaiio upi l | um pance

di stri but 0 tl}egggaefg* ﬂ?e(g{déﬁitgcg%c}ﬁﬁﬁeq%ft@?ﬁ?q %’esnﬁflgrﬁ%gef@o@% 0 glﬁe obj ect of
t he prese%afiepvent ion is to provide an illum nation optical apparatus
capable of realizing illum nation conditions of greater variety in terns

vither onf R TorRRES dFedbnfolltioialy P brPiiiad, ARARRAE SHHEAt oo e us
capabl & ObpRafis TeAsaHIe OB CLARMISI) IehaiBingP RS PllliEhfhaddn Bullit ' O"

condi tion | zed cording to a
luminance distribution (and, therefore, the illumination condition)

without use of a zoom optical system (cf. Japanese Patent Application
Laid-open No. 2002-353105). The illumination optical apparatus

15 disclosed in the Application Laid-open No. 2002-353105 uses a
movable multi-mirror composed of a large number of micro mirror
elements which are arranged in an array form and angles and directions
of inclination of which are individually drive-controlled, and is so
configured that an incident beam is divided into beams of small units

20 corresponding to reflecting surfaces of the mirror elements, the beams
of small units are folded by the multi-mirror to convert a cross section
of the incident beam into a desired shape or a desired size, and, in turn,
a desired illumination pupil luminance distribution is realized.
Disclosure of the Invention

25 [0005] An object of the present invention is to provide an illumination

optical apparatus capable of realizing illumination conditions of greater
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. . cal Al
g%(@ayg ngrpe} f@abﬁﬁv%%g%o%»égép gretdgﬁf&aearsqggléﬂs(ﬁg g{e bt from a

um nat1on optical us co
invention provides an optical unit comprising:

a light splitter to split an incident beam traveling in an incident
light path, into a plurality of beams;

a first spatial light modulator which can be arranged in an
optical path of a first beam out of the plurality of beams;

a second spatial light modulator which can be arranged in an
optical path of a second beam out of the plurality of beams; and

a light combiner to combine a beam having passed via the first
spatial light modulator, with a beam having passed via the second
spatial light modulator, and to direct a resultant beam to an exiting light
path; |

wherein at least one spatial light modulator out of the first
spatial light modulator and the second spatial light modulator has a
plurality of optical elements arranged two-dimensionally and controlled
individually; and

wherein the incident light path on the light splitter side and the
exiting light path on the light combiner side extend in the same
direction.

[0007] A second aspect of the present invention provides an



the optical unit of the first aspect; and 5a distribution form ng optical
systemwhich forns a predetermned |light intensity distribution on

i 1 um natworrogusid4iof the illum nation optical
beans having passed via the first and second spati al
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the first and second spatial light modulators.
[0008] A third aspect of the present invention provides an exposure
apparatus comprising the illumination optical apparatus of the second
aspect for illuminating a predetermined pattern, the exposure apparatus
performing exposure of the predetermined pattern on a photosensitive
substrate.
[0009] A fourth aspect of the present invention provides a device
manufacturing method comprising:

an exposure step of effecting the exposure of the predetermined
pattern on the photosensitive substrate, using the exposure apparatus of
the third aspect;

a development step of developing the photosensitive substrate
onto which the pattern has been transferred, to form a mask layer in a
shape corresponding to the pattern on a surface of the photosensitive
substrate; and

a processing step of processing the surface of the photosensitive
substrate through the mask layer.
[0010] The illumination optical apparatus of the present invention is

able to realize the illumination conditions of greater variety in terms of

ons of greater



WO 2009/ 054541PCT/ JP20081069704 t he shape and the size of the illumnation
pupi | lum nance distribution. The exposure apparatus of the present

i nvent i orwoo0@isessto perform good exposure under an appPOPrIPZN&069704
illumnation condition realized according to a pattern characteristic of a
mask M using the illum nation optical 5apparatus capable of realizing the
Il lumnation conditions of great variety, and, therefore, to manufacture
good devices. Brief Description of the Draw ngs ) [003&% Eig. 1is a
drawi ng sttieestepecand yhe sine of the ddwminaiion msplbluminancs (LGOI, at us
according to an enbodi nent of the presepnt 10j nven%)io i Fig.,2is a
drawi ng stherexposurd gpparesnef theeprasegheiIPLIS 1§38tRe£f°rP?- &‘?%dm)dul ation
unit. Fig. 3 is a perspectiye view, schenati cal
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whi ch a | jght litter a a i ght. conbi ner include a commopn pol ari zati on
beam spl i 1 r&fﬁ%ﬁ‘&%"? &gﬂ%f bﬁ%ﬂ‘%sschemt ically showing a Eonf i guration
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exposure apparatus according to an embodiment of the present

10 invention.

Fig. 2 is a drawing schematically showing a configuration of a
spatial light modulation unit.

Fig. 3 is a perspective view schematically showing a
configuration of a cylindrical micro fly's eye lens.

15 Fig. 4 is a drawing schematically showing a light intensity
distribution of a quadrupolar shape formed on a pupil plane of an afocal
lens in the embodiment.

Fig. 5 is a drawing schematipally showing an example of
forming an illumination pupil luminance distribution of a pentapolar

20 shape in the embodiment.

Fig. 6 is a drawing schematically showing a configuration of a
spatial light modulation unit according to a modification example in
which a light splitter and a light combiner include a common
polarization beam splitter.

25 Fig. 7 is a drawing schematically showing a configuration of a

spatial light modulation unit according to another modification example



havi ng transm ssive spatial |ight nodul ators. Fig. 8 is a draw ng

schematically showi ng a configuration of an exposure apgar atus according to
a nodi fi XPIBWBple having a pol ari zati on control unPCTIBER03069504 5 5
t hawi ng schematically show ng a major configuration of a nodification

exanple using a diffractive optical elenent as a light splitter. Fi g.
10 is a draw ng schematically show ng a configuration of the spatial |ight
nmodul ation unit shown in Fig.. ‘19 . 10Fi 11 a partial perspective view of a
spatial | iRAHNgIEASIRissivesnatial § F%‘gdlll £ nodul ation unit shown in Fig.

of a modif1 cati dieetitph TR SSOGALR i hORANE & PARIEURA OF Ahi6r . 13
is a flowchart show ng manufacturing steps sgm conduct or, devi ces.
Frg 14 | SAPOTEScREPel RO Ao g fRBufc uiod neABRR RIS ey gt a
the | nvendrdarZa Bl rent s of T he present i nvention will be o
desgribed on t heFig. 9 is a drawing schematically showing a major configuration

of a modification example using a diffractive optical element as a light

splitter.

Fig. 10 is a drawing schematically showing a configuration of
the spatial light modulation unit shown in Fig. 9.

10 Fig. 11 a partial perspective view of a spatial light modulator in
the spatial light modulation unit shown in Fig. 9.

Fig. 12 is a drawing schematically showing a major
configuration of a modification example using a prism unit as a light
splitter.

15 Fig. 13 is a flowchart showing manufacturing steps of
semiconductor devices.

Fig. 14 is a flowchart showing manufacturing steps of a liquid
crystal device such as a liquid-crystal display device.

Best Modes for Carrying Out the Invention
20 [0012] Embodiments of the present invention will be described on the
basis of the accompanying drawings. 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 a configuration of a spatial light modulation unit.
25 In Fig. 1, the Z-axis is set along a direction of a normal to a wafer W

being a photosensitive substrate, the Y-axis along a direction parallel to



basis of the acconpanying drawings. Fig. 1 is a drawing schematically

showi ng a configuration of an exposure apparatus according to an enbodi nent
of the prweent/ismuention. Fig. 2 is a drawi ng schemati cacirgprziogvsmig: a
configuration of a spatial light nodulation unit. 25In Fig. 1, the Z-axis
is set along a direction of a normal to a wafer Whbheing a photosensitive
substrate, the Y-axis along a direction parallel to the plane of Fig. 1 in

a surface of the . and t X-axi s al an di yect{on perpendicular to
the pl ane gtfe Pﬁlad?em%%ﬁgm&%ls Eedﬁx%ewﬁgqrgﬁ\ﬂf“{%%zaﬁtﬂopgf%r ence to
Fig. 1, theg: ratus of the present. 5 enbodi.nrent .i.s prqvided with
a gt sodreetionisrpgfififidan o the nidfielofTight ¥ e simtacs of the fvaler The
| i ght sour 1 can be, for exanple, an ArF excinmer laser |ight source which
supplies light at the wavelength of 193 nm or a KrF excinmer |aser |ight

the 11 gnt CoiLomiaelyehbeto K7, e SRt erpafarl ot A% nBiebhal shape
b hapi - ) e
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axi s AX i niAgFagkcificrdnser ﬁ%?@scﬁﬂr@e %m*bngggyﬂwl the %A&bﬁﬁ@%&ﬁ“ al

| i ght nodul ation unit 3 propagates i nsi e prism nenber

t her eaf t er 108pimges a/KeF éxdifle?hdat it SHRREAV] ' i et ween
the prism menberg 31 and 32. s-pol ariggtd I ghf‘b}rlggll %}m Ig}:lgsgl;gﬁg?ﬂlé)

pol ari zat i eravebqastht 069248 | m20 Lahtpesiaedt 8o el ¢idhesdidcsm mpber 31
and thereafter inpinges upon the first spatial |ight modul ator 33. [0015]
Thd O i rst eppanddd hitoht bemsubBa eeqlided sectionilustripettyy Qfshrzi'FIﬂQ bpeikghent s
(optical elenments in general) 33a arranged two-dinensionally, and a drive
uni t 33b (swstesh@wvanidnthiém thd)expundedi beami thiahtidenortor al spatkankghr i ves
postures of the minor elenments 33a. Simlarly, the second spatial |ight
nmodul at or Bwpdwatianpinit3l ity of minor el enents 34a

[0014] The spatial light modulation unit 3, as shown in Fig. 2, has a pair
of prism members 31 and 32, and a pair of spatial light modulators 33
15 and 34. The light incident along the optical axis AX into an entrance
face 31a of the prism member 31 in the spatial light modulation unit 3
propagates inside the prism member 31 and thereafter impinges upon a
polarization separating film 35 formed between the prism members 31
and 32. s-polarized light reflected by the polarization separating film
20 35 propagates inside the prism member 31 and thereafter impinges upon
the first spatial light modulator 33.
[0015] The first spatial light modulator 33 has a plurality of mirror
elements (optical elements in general) 33a arranged two-dimensionally,
and a drive unit 33b (not shown in Fig. 1) which individually controls
25 and drives postures of the mirror elements 33a. Similarly, the second

spatial light modulator 34 has a plurality of mirror elements 34a



arranged two-di nensionally, and a drive unit 34b (not shown in Fig. 1)
whi ch individually controls and drives postures of the mrror elenents 34a.
The driveWQAPPOO583h  34b individually control and drivePCRIPHEZP S of the
mrror elenments 33a, 34a in accordance with conmands 5from an unrepresented
control unit. [0016] Light reflected by the mrror elenents 33a of the
first spatial |ight nodul ator 33 propagates inside the prismnenber 31 and

L RSOSSN B g
10hayi o COKEHRN RIS, LRSHIsoRRN i AR O3 Qelre! oL
oL a0 TS Y ST gAY AT SARIRRiARY LSRR, Lo e

uhi  ref| oqlfs hRGREL6f RrhehBe T A HPhETRRACS At Robipahte st 15

spatial 1li at or are positioned along t I ght
haviqg tra Iﬁ%ﬁhﬂf@) et con®lol ks AX into the spatial |ight nodul ation
unit 3 and\ﬁf(hen VI a ﬁeiﬁ rst spatial light nodulator 33 is emtted al ong

the opti calogeg]s IAghi refleéied bpafheanitios élefRiis B300f URe! fisst sPaita@l7] On

the ot her hand; p-polarized Iight having passed through the polarization

oo 10 haSlaeas s cpyapids, e 08, ph e 31 hatal Ly
inert gas) tBéreafteerieadident irhehd sipilhnizedktateted poitization separating
film 36 formed between the prism members 31 and 32. The light

10 having traveled via the first spatial light modulator 33 to be reflected on
the polarization separating film 36, propagates inside the prism member
31 and is then emitted from an exit face 31b of the prism member 31 to
the outside of the spatial light modulation unit 3. In a standard state in
which reflecting surfaces of all the mirror elements 33a in the first

15 spatial light modulator 33 are positioned along the XY plane, the light
having traveled along the optical axis AX into the spatial light
modulation unit 3 and then via the first spatial light modulator 33 is
emitted along the optical axis AX from the spatial light modulation unit
3.

20 [0017] On the other hand, p-polarized light having passed through the
polarization separating film 35 propagates inside the prism member 32
and is totally reflected on an interface 32a between the prism member
32 and a gas (air or inert gas) 37. Thereafter, the totally reflected light
is incident to the second spatial light modulator 34. Light reflected by

25 the mirror elements 34a in the second spatial light modulator 34

propagates inside the prism member 32 and is totally reflected on an



Is incident to the second spatial |ight nodul ator 34. Light reflected by
25the mrror elenents 34a in the second spatial |ight nodul ator 34

pr opagat esoi2o@imdessthe pri sm nenber 32 and is totally refceopradsosy7an WO
20091054541PCT/ JP2008/ 069704 i nterface 32b between the prism nenber 32 and
the gas 37. Thereafter, the totally reflected light is incident in the

p- pol ari zed state to the polarization separating film 36 fornmed between the

prismnmenbers 31 and 32. 5[ 0018] The |ight r&;i gi%tra el ed via é e second
spatial | iigterfaesdd32h obetsveendtieavprgnh dagmbesnsta t the t BaSpéi/ari zati on

separating film 36, propagates insigde the prjsm.,nepber 31 and,then is

em tted fridwareadernsthe tﬂ&é& Befiqptéi ltgﬁnat lﬁrm%i%ﬁ% eprpolanzed SR de of
the spatial |ight nmodulation unit 3...0n st.andard state in which

refl ecti n§osthe dpelarigationoseparating rﬁlﬁbrg@ g‘h‘@ﬂ?‘i%ﬁ%@%t PESThd spati al
| i ght nodul at or 33 ar :g?;sitioned al ong the XY plane, the light having
travel ed ap tHh 1@[5‘51’ | axis AX into the spatial |ight nodulation unit 3

N L
2% 1 AR AR bl 0 08 OORRARE et TR o
O S0l ek Rk R SRS el 1Y of
a8 S RS D  pdfuOET PR P 1
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an @f ocal JipRge hirrtRSlafien®d 34818 thelstcBdaipasial 1ight Meddulator 34 are
positioned along the XY plane, the light having traveled along the

optical axis AX into the spatial light modulation unit 3 and then via the
second spatial light modulator 34, is emitted along the optical axis AX
from the spatial light modulation unit 3.

15 [0019] In the spatial light modulation unit 3, as described above, the
polarization separating film 35 formed between the prism members 31
and 32 constitutes a light splitter to split the incident beam into two
beams (a plurality of beams in general). The polarization separating
film 36 formed between the prism members 31 and 32 constitutes a light

20 combiner to combine the beam having traveled via the first spatial light
modulator 33, with the beam having traveled via the second spatial light
modulator 34.

[0020] The light emitted from the spatial light modulation unit 3 is then
incident to an afocal lens 4. The afocal lens 4 is an afocal system

25 (afocal optic) that is so set that the front focal point thereof is

approximately coincident with the position of the mirror elements 33a



25(afocal optic) that is so set that the front focal point thereof is
approxi mately coincident wwth the position of the mrror elenents 33a of

t he firstwepatymhssdii ght nodul ator 33 and with the positipom/Jetoos/he7ea rror

el ements 34a of the second spatial |ight nodulator 34 and that the rear
focal point thereof is approximately coincident with a position of a
predeterm ned plane 5 indicated by a dashed line in the drawing. 5 [0021]
Therefore, the s-polarized beam having traveled via the first spatial |ight
nodul at or o8h¢ dirstsspatial lightrmbdulagot B3 tand withrihiet yosttion ifttheimirrof a

Z-directional ly dipolar shape consisting of two circular light intensity

di st ri but elemaentsr 3a of the sd¢cond tspetiat H'ggémd)dmiaﬁanMamdeﬁtaérth@n‘eame opti cal
axis AX, an the pupil plane of the afocal |lens 4, and 10 thereafter is
enmtted i foealepaipothercah s appreximately awineisient hwithr acpositionsofi.a On t he

ot her hand Eé{ he p:pol ari zed, beam having travel ed via the second spati al

i ght nodBredeerminedplase ¥ tidiesigapnea dashedhpeilnitbagreyingst ri bution of an
i St 1 but DR bl dat s olonien. bt hesina draaled dvidofes Ash the

i cal axis.AX..an th i | f focal lens.4, and fter i
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distribution of an X-directionally dipolar shape consisting of two
circular light intensity distributional areas spaced in the X-direction

15 with a center on the optical axis AX, on the pupil plane of the afocal
lens 4, and thereafter is emitted in the dipolar angle distribution from
the afocal lens 4.
[0022] A conical axicon system 6 is arranged at the position of the pupil
plane of the afocal lens 4 or at a position near it in the optical path

20 between a front lens unit 4a and a rear lens unit 4b of the afocal lens 4.
The configuration and action of the conical axicon system 6 will be
described later. The beam having passed through the afocal lens 4
travels through a zoom lens 7 for variation in ¢ value (¢ value = mask-
side numerical aperture of the illumination optical apparatus/mask-side

25 numerical aperture of the projection optical system) and then enters a

cylindrical micro fly's eye lens 8.
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5fornmed each at the pitch pl in the light-source-side surface of the first
fly's eye nenber 8a and in the |light-source-side surface of the second
fly's eyewornipars48b, respectively. Cylindrical |ens groweps/Jdzlosasydo8Sbb
arrayed in the Z-direction are forned each at the pitch p2 (3)2 > in the
mask-si de surface of the first fly's eye nmenber 8a and in the 10mask-si de
surface of the second fly's eye nenber 8b, respectively. [0024] Wen
attention is focused on the refracting action in the X-direction of the
cylindri c§0028] cihef cylindeygal heicso dly's .eye, lerse8y efrshowngnaFig.of, is the XY
plane), the wavefront of a par all el beamincident along the optical axis AX
i s di vi dedontpaskd @f acfirss iflgkeye ntembeniBacutrangedyn tite light spureadri cal

| ens group, 8aa fornmed on the |ight source side of the first fly's eye
nmenber 8agidehendi #iseeondeflyts aye wenthers8l wyanged aon ithg masksside. t he
cyllndrlcal | ens group, the condensed beans are then condensed by
refractin§ 3gf lenise grainse Spanand Lhay 1arraycd an ﬂ)@n%%dmeﬁtmnearg/l i ndri cal

| ens grou 8ba formed on the light so e side of, the 20segcond fly's eye
meRber 8b n@@r@é@ méamstm ﬂggbﬁogf@eald@rwﬁ@er efthe du pl ane of

the rof LQ%‘&?E%?@% qr q Aed4n (e aght- TSt -Side SOTACRETE Ui SeRIch {1y s
= Par al | cfSeENF| R W@P&l ?&tﬁéﬁ%{wb dy@mci"rgaaﬁ R G ot he
pLTCH 02 ggng Ly 2o dltsction by (e Gl nor cal, Tene avoup aly for e on
in the mask-side surface of the first fly's eye member 8a and in the
10 mask-side surface of the second fly's eye member 8b, respectively.
[0024] When attention is focused on the refracting action in the X-
direction of the cylindrical micro fly's eye lens 8 (i.e., the refracting
action in the XY plane), the wavefront of a parallel beam incident along
the optical axis AX is divided at the pitch pl along the X-direction by
15 the cylindrical lens group 8aa formed on the light source side of the first
fly's eye member 8a, the divided beams are condensed by refracting
faces of the cylindrical lens group, the condensed beams are then
condensed by refracting faces of the corresponding cylindrical lenses in
the cylindrical lens group 8ba formed on the light source side of the
20 second fly's eye member 8b, and the condensed beams are converged on
the rear focal plane of the cylindrical micro fly's eye lens 8.
[0025] When attention is focused on the refracting action in the Z-
direction of the cylindrical micro fly's eye lens 8 (i.e., the refracting
action in the YZ plane), the wavefront of a parallel beam incident along

25 the optical axis AX is divided at the pitch p2 along the Z-direction by
the cylindrical lens group 8ab formed on the mask side of the first fly's
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eye nmenber 8a, the divided beans are condensed by refracting faces of the
cylindrical |lens group, the condensed beans are then condensed by

refracti ngofa@as4zafi t he correspondi ng cylindrical | ensegcCirarrdogoeyyod ndri cal
| ens group 8bb fornmed on the mask side of the second fly's eye nenber 58b,
and the condensed beans are converged on the rear focal plane of the
cyllngrlca: mcro fly's eye lens 8. [0026] As descri bed above, the
cylindrical mcro fly's eye lens 8 is conposed the first fly' s _eye
menber 8a eyedmentb e%a;rthefdlyx@cbly@am r@ﬁ@rcoadenw{abme&a%mgc G%Iﬁ@f Y
cyllndrlcal Ien s are arranged the two S|de f ces ereof and
exer ci ses th Ewgl @@hgmﬂﬁMﬂhQﬁp I§e ﬁF%ﬁ§ @%SOP Mhlch a

| ar ge nunber of mcro refracting faces of an ular_.sha he size
of pl in tg&agtinglaces ohthegorESP @gz‘é’llﬁdrb’“? 0 €P§emzth§| 3@3%‘1”69? are

mcro 1y engggons ADbeformepd etk v Oribeiapna e gxg&ﬁﬁw firstort on
exepl e, 1D e SIARTHL RE Sl%éﬁar%L%&?%raﬁ& b ra%‘airt KRB atRE ofom "
r”an%ddhy e”«%@q%a%??o%ﬁﬁ Tferfs;% of ghérﬁréﬁfeil rmined Eltgq 5tt9"y
?EEL?CSO?L I) cﬂ‘?f %gfi %i@‘?% ﬁ?%ﬁ{{;’%dfpigjﬁ&%g} sglfg(s)cg?g% neaﬁet get Lgar
]Plredgtgr? Oéﬁ B%é}ﬁ n@?? 5 &nce surface o@%ﬁe% n |ca? m cro
25keaps ¢ HECHTRSH SHEE OPT%%CQ?Q%&@@#S@S“%%%%@ R grigchopn 1T

Zgg%yggﬁ 4% éi‘% E%%Jgggg\gﬂe%ﬂ bRA&:RircisBS 18y shaf bpfitalMifiicdion ¥s & eye VO

micro fly's eye lens in which a large number of micro refracting faces of
a rectangular shape in the size of pl in the X-direction and in the size of
p2 in the Z-direction are integrally formed horizontally and vertically
and densely. The cylindrical micro fly's eye lens 8 is able to achieve

15 smaller change in distortion due to variation in surface shapes of the
micro refracting faces and, for example, to keep less influence on the
illuminance distribution from manufacture errors of the large number of
micro refracting faces integrally formed by etching.
[0027] The position of the predetermined plane 5 is located near the

20 front focal point of the zoom lens 7 and the entrance surface of the
cylindrical micro fly's eye lens 8 is located near the rear focal point of
the zoom lens 7. In other words, the zoom lens 7 sets the
predetermined plane 5 and the entrance surface of the cylindrical micro
fly's eye lens 8 substantially in the Fourier transform relation and, thus,

25 keeps the pupil plane of the afocal lens 4 approximately opticallyt

conjugate with the entrance surface of the cylindrical micro fly's eye
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|l ens 8. [0028] Therefore, for exanple, a quadrupolar illumnation field

consisting of two circular light intensity distributional areas spaced in

t he Z-di rwotzoevswdsih a center on the optical axis AX an@cCramo8ne@adar 5

light intensity distributional areas spaced in the X-direction with a

center on the optical axis AXis fornmed on the entrance surface of the

cylindrical mcro fly's eye lens 8 as on the pupil plane of the afocal |ens

4. The overall shape of this quadrupolar illumnation field simlarly

vari es deleasd.ng upon the focal length of the zoomlens 7. The 10

rectangular mcro refracting faces as wavefyont divisian units.in the
adriBelasndlIimingH i

cyl i ndri ci@028i cThetafores dpe esampeara U PEpnaHgBe 616 | ar to a
S ar teonsishRg TGS HEB AR, GPRD RIS A, v
R ol I I, o

o5 ned bylight inlnskdinBRwopaL areds SSEohtlary e o ilEeton it on 11 el
't 1§ but cepisr a1 PPHEELRKA % if Somtard S e breatCl SRPERS T he .
orroular sybeiARe] BC AP sty 1ohsri s S Al BRBL o ybcliane (AO,
The 111 unfnaciign s HhaBe s off QadtBbldr ANARiAr Held Ml 12
Chen i BHES: dotdillhgrbBdE (e, (Ofal Ieagt, bEAneTAB0mM It 7Y AUENS & are

AP0 1 ur e R B P e e S e o The Socondary
bl ane of  EREnEbicR B e e e e Tur e stop © 15
confi gur edp 30 a5f b PRumination field to be formed on the mask M (and,
therefore, similar to a shape of an exposure region to be formed on the
wafer W).

15 [0029] The beam incident to the cylindrical micro fly's eye lens 8 is

two-dimensionally divided to form a secondary light source with a light
intensity distribution approximately identical with the illumination field
formed by the incident beam, ie., a secondary light source of a
quadrupolar shape (quadrupolar illumination pupil luminance
20 distribution) consisting of two circular substantial surface illuminants
spaced in the Z-direction with a center on the optical axis AX and two
circular substantial surface illuminants spaced in the X-direction with a
center on the optical axis AX, on or near its rear focal plane (and thus on
the illumination pupil). Beams from the secondary light source formed
25 on or near the rear focal plane of the cylindrical micro fly's eye lens 8

are then incident to an aperture stop 9 located near it.
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5 detachable with respect to the illum nation optical path and to be
swtchable with a plurality of aperture stops having apertures of different
si zes andwehapas4ss4A nmet hod of switching the aperture steps/Jeznosbe®7o4 or
exanple, a known turret nethod or slide nmethod. The aperture stop 9 is
arranged at a position approximtely optically 10 conjugate with an
entrance pupil plane of projection optical system PL described |ater, and
defines a range of the secondary |ight source that contributes .to

i 11 umi nat[oeso] [TB@abeffthee btegn® hxs omatnepelet apetibyes (leght BIRFREINEN ted by
the aperture stop 9 travel through a condgnser optical sysaﬁﬁ1l to 15
super pos gsthryidnis) correspendingatokthel secandary light ﬁo@rmaqf theflyadryRPKXt i on fiel d
of a rectangul ar shape according to the shape and foc?J engt h. of the

r ect angul shrapei formed faraor inegr fthe aeanfogad piansnof dhe i {IGP ¢t he

cylindrical mcro fly's eye lens 8 is forped on the mgsk blind 11 as an

i 11 uni natfly's eyel tenst &. BbgnspedureFtppsSetd tQﬂr’é{Bjﬁga ?‘éc"{‘sdﬁgul % 20

2nSi magi rdetoghelole vyt Ewpes o SipallBBuEAyn] PPURRPEAL AhaR Hon whi ch a
Forms. an swhigbhbl twihy 8cPMHIE: ObpBr v SFoPnehage BPERI S B0t he mask
M 25[0032]_..A beam havi assed,t hrou the e stage M5
oo i i o N R SR i e
W5. | n thfan r%n&?r, e%iﬂ%lpg eKROWR M&Tﬁ%ﬁkﬁl é?ssél%e%#%§ y ';I:lwc;}]sf erred
exposur o Bt SRBosuns ARnesd i &' Picicho KpREPERAD dRale!

oD cal - aspe R viEh o FRFlcs bllpl s BT plicF AR L ) ¢
axi con sy Earhaed Ak b e e e e gna (1 the

axi con sy low ng 10 nenbers arranged in the

order na n{rFlglE?eEtESiiﬂdﬂﬂﬁa Qyrce side: first prismmenber 6a with a plane
on the |{T§ 1 rce srde and with a refracting surface of a concave coni cal

shape on L&lﬁﬁﬁﬁ?ﬁiﬁéﬁn@%xﬁeﬁg%e@bhaww s6brod titmited! byetlon the nmask

si de and I'ng sur e of a convex conical shape on the Iight

source Si ggﬁgug,%eg'ﬂg, ePNERAYE FRHuEh o edorRicnises opti¢lcsystent he0f to st prism

nmenber 6a nvex conical refracting surface of the second prism

myer b fpercaBlPIRGARbkY, hRidebling HS tin Udsabhy, 4o iltominatiorach

er. At menber out of the first prismnenber 6a and the second

pri sm mentpild65F h Seb@ibicutit Sthpeoadtording i ¢halshapetanel fgutal dangtixof AX,

the rectangular micro refracting faces as wavefront division units of the

cylindrical micro fly's eye lens 8 is formed on the mask blind 11 as an
illumination field stop. Beams having passed through a rectangular

20 aperture (light transmitting portion) of the mask blind 11 is condensed
by an imaging optical system 12 to superposedly illuminate a mask M
on which a predetermined pattern is formed. Namely, the imaging
optical system 12 forms an image of the rectangular aperture of the
mask blind 11 on the mask M.

25 [0032] A beam having passed through the mask M held on a mask stage
MS travels through the projection optical system PL to form an image
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20 whereby the spacing is made vari abl e between the concave coni cal
refracting surface of the first prismnenber 6a and the convex conical re
acting - swohea@sef41t he second prism nenber 6b. For easi ecTunrzies/sésandi ng,
the action of the conical axicon system6 and the action of the zoomlens 7
wi |l be described with focus on the secondary |ight 25source of the

quadr upol ar or annul ar shape. [0034] In a state in which the concave
conical refracting surface of the first prismnenber 6a and the convex
coni cal ref rth@trnaﬂg( patttat ©nod wiker {photutepsitive sebiteated Wcheldaon aeach
other, the conical axicon system6 functions as a plane-parallel plate and
causes noveff¢rctagm WHe sdoothlisr jaring; theupattent afhdhquaraskpdMats or

annul ar shape formed. 5 However, as the concave conical refracting surface
of the fisequentiadly trenstarrash intedeadhe of @xposusd negiansreit the twalgr sWr f ace of
the second prism nenber 6b are separated away from each other, the outside
di amet er byngegtorgunget @rg-shet t epeAEar GiolseANoexposurer Whileorideey | i ght
soyrce varj es Wnilﬁ keepi ng constant_.the width of the uadrupo%ar or 10
anAul ar seuBgasePally griving ard copfiolling the gvafesrtage Wt iethe planeanet er

(outside dj ter) of a gircle cjrcunscyi bed e quadr upol ar, secondary
l'i ght soumeips 1€Plca(fitﬂ§$%9PHP§£@EJ§@£@%§1€CP%¢@“§TH9BF1P%]ed

t herein; half of di f f erence. bet t he oyt side digneter .and t i nsi de
i st o SYERG. By SBOGTaEDy Wik: CSouERsESIREREYy dEnRe Al o
ratio (inside ﬁi an&%ﬁrlfut [ de dianeter) and the size (outside dianmeter) of
t he quadrﬁ%tirg ol r 'secondary |ight source vary. [0035] The zoom

|l ens 7 haEOrogéiu ﬁti Qn tco enl-arﬂesort reguce the ove(?aliil hafcﬁ of . the_

guadr upol KufaM QILCI 48 y ﬁf%‘?ﬁ s $tir CEIPPREY & ﬁ?o ]ros%]tnrgophc]?l ly).
F . i 0 _.i
mﬁﬁgf}ﬁﬁq”?%%aﬁrgt Wraneelin rtﬁiﬁéel@e@aahﬂéed HRAT 8 Bt éﬁ%rpclé %P@fﬁﬁg‘?: ome
ot her &Bﬁﬁﬂi ﬁ%é‘f%?hﬁﬁﬂ% 8 laht 0l (RO FiER SSuRedToIdy MBI IEL i oht
anul ar - sEaciai oo b E BB oplifedt ViR oh Y RSk SRR P s
manner, t Q& ap}%{éﬁ&ﬁ&hﬁb&“@b%ﬁﬁ %y%&%%gﬁg&ﬁa& e ARG upol ar or

annul ar secon ght source can contro e actions of the

coni cal axdfesiify shefice énd éddrex0ebhical Shapel P 3RE light! fsurREasiga!
enbodi nent, the Spatial |ight nodulators 33, 34 to

15 The concave conical refracting surface of the first prism member 6a and

the convex conical refracting surface of the second prism member 6b
are complementarily formed so as to be able to contact each other. At
least one member out of the first prism member 6a and the second prism
member 6b is configured to be movable along the optical axis AX,
20 whereby the spacing is made variable between the concave conical
refracting surface of the first prism member 6a and the convex conical
refracting surface of the second prism member 6b. For easier
understanding, the action of the conical axicon system 6 and the action
of the zoom lens 7 will be described with focus on the secondary light
25 source of the quadrupolar or annular shape.

[0034] In a state in which the concave conical refracting surface of the
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be used can be, for exanple, those continuously changing each of 5
orientations of the mrror elenents 33a, 34a arranged two-di nensionally.
Such spatwal200903d41 modul at ors can be sel ected, for exanpCE/Jriaog/nsrove
spatial |ight nodul ators disclosed in Japanese Patent Application Laid-open
(Transl ation of PCT Application) No. 10-503300 and European Patent
Application Publication EP 779530 corresponding 10 thereto, Japanese

Pat ent Applicatjon Lai d-open 2004- 78136 .a d Pat 00,915
correspon Hrkﬁélﬂéﬂ%m LT @ﬁtb%tcé’ﬁ'ﬁ’eﬁrﬁﬂmﬁ ¥ q!mgjswgge@% fisl ation
of PCT Applicat,i on 06 52434 . No.. 7,.095, 54
corresponoﬁeﬁanfll{?ﬂ dne fhsaetae grﬂlgh%ﬁﬁPcC& 6%1@3998%% Ro.

???zﬁlif‘iﬁmﬁw i 1@%3""'&@2%1&&%?”" oatieloplafnaAnd saiees honeBent din they "ot
| t t | 3
poifL?eE SrecPRdaty Sfﬂt g ot hSsabibpbley, of pindBy e fimdE Ve ni
t
ffnernﬁrﬁ O VEF ot kﬁ@ﬁilqaagg"%%ﬂl%l 1f378ne cPFdrgoR Mt ity flism o 0¥
%P?oﬁ”gfiﬁshﬂ%@é&é e FhE Gt 288 %%n'ﬁ%?%%imﬁfﬁa@? f‘%%éfes%s%dt?&
SXADL®: o gl HEHhBE: 16t SURRSHLY oS! M ERDR o @faﬁé@tﬁa@ 410

spaced in ion W't cent er aiX| S
pupil pla | formn
the Iight n‘ﬁ%@%&éﬁﬁng’%ﬁ st rffgété@(r}zg a@%@g?ﬁr (?ﬁidrgq{%}tl zati og
di rection | S
I ndi cat ed oub i ﬁgélé%gﬁgé é{&ﬁ&tﬁnﬂ ﬁ@ggﬁmfcﬁg%ﬁ)ﬂq@(@aﬂﬁﬁﬁdlﬁﬁ ot

10 annular secondary light source (half of a difference between a diameter

(outside diameter) of a circle circumscribed to the quadrupolar
secondary light source and a diameter (inside diameter) of a circle
inscribed therein; half of a difference between the outside diameter and
the inside diameter of the annular secondary light source). Namely,
15 the annular ratio (inside diameter/outside diameter) and the size (outside
diameter) of the quadrupolar or annular secondary light source vary.
[0035] The zoom lens 7 has a function to enlarge or reduce the overall
shape of the quadrupolar or annular secondary light source similarly (or
isotropically). For example, as the focal length of the zoom lens 7 is
20 increased from a minimum value to a predetermined value, the overall
shape of the quadrupolar or annular secondary light source 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 quadrupolar or annular secondary light source, by the action of the
25 zoom lens 7. In this manner, the annular ratio and size (outside

diameter) of the quadrupolar or annular secondary light source can be
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[0038] Simlarly, in the second spatial |ight nodul ator 34, each of the
postures of the mrror elenents 34a varies by the action of the drive unit
34b oper avongosasesmdi ng to a control signal fromthe corCTaP2008049704 5
whereby each mirror elenent 34a is set in a predetermned orientation. The
p-pol arized light reflected at respective predeterm ned angles by the
mrror elenents 34a of the second spatial |ight nodulator 34 fornms, for
exanple, two circular_light intensity distributional eas 41c and 41d
spaced in qamérolled ky&m&ctmsmfg FPEECad XIERN émﬁe@aga& $haZodh the 10
pupi| plane of the afocal lens 4, as shown in Fig. 4. The light formng the
light intef@t'y distributional areas 41c and 41d has the polarization

direction alo he Z-directipn.as indicated doubl es head rows in the
vy I et BTN M o
w0 e o A B pRORAE 4 ol St e 10 A 2
Light | 2; 5‘?{%‘?‘} F‘-Snﬁf f?eﬁfou%hgg’&ht Tfeﬁ?%ftéi t%ir:é S”E%b&i%%ﬁa:l ngaflﬁéﬁ?
EtﬂteelniSi L%/ @hﬁ??@%r S?Chz . ongl{ r%leé}gupl(ﬁﬁ%lﬁane o#}?tlhe Saegocap’ I enﬁdiélnf o[ gs
the 11 on TRESHS fpi] Bbispatie] BRL modRIAYRMIERIEY i TERERER: PRRRRT! Ao of
the cyli ”dAbg]ﬁbaﬁaﬁ p%iéidg;?g @gﬁgélgﬂo%n%fmct A?»P[fu%atibﬁ Nd.oqrkopkape of the

cylindrical Ccro r on the um nation pupil near it

(the posi tér%ﬁ@?&ﬁ@mpa 2 lgéﬁtfoﬁ%lﬁaﬁf%naﬂparm@n coRE§ondihbe af ocal

|l ens 4, zoomlens 7, an rical mcro fly's eye lens 8 constitute a

digyributipgrdtgl Fapanésd iP‘éf’éntSAr%il}ﬂiBamnC I afi @lopenaNY. €2e0478136d ahidght

intensity distribution on the iffumnation pupil of the illum nation
optical apgs.atPg. (Rol2)6, 900948 oredspoiRBAE hbsiens, tTapaaksed Paterithe first
spatial |ight nodul ator 33 and the second spatial |ight nodulator 5 34.

Fur t her nor &ppliBgtibh ghhid-opens(Tnslation wft PAT oApplieatioayNpol2006hape
corresponding to the light intensity distributional areas 4la-41d is al so

formed at 324849 i andinih8: i Bat. pNo.! 7095 546n<corpespoading cthwredggt endi t h t he
aperture stop 9, i.e., at the pupil position of the imaging optical system
12 and at JdpenpseiRatewsiApplicationt haidiapgesc Nmn200641d3435y stlémsPalso 10

[ 0040] The exposure apparatus performs exposure under an appropriate

i 115m nat i possehledtd icomtemod ciived onigntatiens axft then neieora clemestsi §3aj B4er der to
highly accurately and faithfully transfer the pattern of the mask Monto

t he waf er amramgeci/hzcso@nmmoraibodnmhmhﬂyeofdlsarﬁtaat&psn pupi | | uni nance
distribution to be forned is the quadrupolar_illumpation 15 pupil
| uni nance [@037]r i Iuthieofirst spatisblight mpdudatoned 3y eagh idbgrpastyres antgl@nsi ty

distribution 41 shown in Fig. 4 _and the, beans passing through this
quadr upol amifrPr @IRERtsch HURTiEs nﬁdh%&?é@fd ptthe amVﬁdﬁnaﬁégs@emﬁng
circunferential_ polarization,st Eﬁ In the circunferential polarization
quadr upol a#cqording tme icontiel stan @met%ﬁmtf@low,w ShEeeHIEi | 20
| um nance distrihution in the circunferenti al H?Ol a,ﬂlzati n state, the |ight
in%n)éngi ng iEBIENtRSalsser v pEedetermaned PRgRIation. on The sgeelaizeddidht s i a
pol ari zati o sta(ie in anEiCh th tt%ri nci pal fongogﬁnt IS s-polari ggd | i ght.
[0041] Her@tlasked ah sespectivg nredpieriuned angles by die Uy ¢legnt3ER « he
pol ari zati op .direction. al.ong a dj necti normal. to a p}ane of.ingidence
DS ahi ch 1O i e soptial JRR Aokl fOr oL £0RhE . PenBle S ircffir b
light intensity distributional areas 41a and 41b spaced in the Z-direction
with a center on the optical axis AX, on the pupil plane of the afocal
25 lens 4, as shown in Fig. 4. The light forming the light intensity

distributional areas 41a and 41b has the polarization direction along the
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direction normal to the plane of incidence). The plane of incidence is
defined as a plane that includes a point where |ight inpinges upon a
boundary worb@os4zafi a nmedi um (il lum nation target surfaeeT/seoogeeeosof wafer
W and that includes a normal to the boundary surface at that point and a
direction of incidence of the light. As a consequence, the 5circunferenti al
pol ari zation quadrupolar illum nation achieves an inprovenent in optical

performance of the projectiq tical syst the depth of focus and
ot hers), \Bﬁ&lﬁi‘}l(ﬁl@% lﬁﬁ@@)’a ouble-in ‘f“é”g WMREhi gh cont r ast

ZﬂbEQ?rﬁ’F&eh X b eq$W“bsdnaaqﬁratepaﬁltﬁsﬁf‘@lpﬁﬂ”ceé%%hﬂﬁ?ba.r of
33,, 34

ng%ﬁtsk%%&th%'éaoitﬁﬁ‘)ﬁngrrslgﬂqmqﬁﬁé%'C thbx, Sts‘c‘fﬁgﬁe A B et

of the {1410 100 Rtip; asartipeite: A7 sBiRoh siitel drah, e dOBLBRIE TS hea ™

ot at or “WACERY ot tBigr letisft 3 Bk I@%F&%ﬁﬂ%ﬁlﬁ%ﬁﬁ%ﬁ*ﬂé pol ari zed
1 aht mod qgrp@a%z'ﬁh lﬁgﬁﬁEﬁwg%wﬁm@%%%éér@%%ﬁﬁe&@e?5 game e
2o, “ana kst MR TEBLM E?@WBEP?@%%H?“&%%%%?Ptﬁdr?%%fnfg%“e hane
di str ! but| B, GRNUARALE2G Pﬁnt%ﬂglt?h@lﬁﬁ‘?bﬁ‘t‘i@nﬁ' 4R3s041¢ hadf higt |ight

Intensity secon t Intensity distribution in

mutual 'y 5{] 8GR %ﬂké@ﬁbﬁ%ﬁﬁa& ééntel'Qﬁffﬁle 6§t1@§15 akisPAXK aga'the t he

|IIumnat| OptIC apparatus (2-12) to il te the mask M as an

¢ natiAipil PR of Wid Afda leida, 9§§hév@f mZFigwn. |1 ghe liglanforheingi ght
source 1intt

present enbodinent is able to realize the illum nation
condi ti onsthefljgheRiteNsity distribhtivhalareds 4 e apldadpd has the polarization

direction along the Z-direction as indicated by double-headed arrows in
the drawing. When the polarization state of the beam incident into the
spatial light modulation unit 3 is circular polarization or linear
15 polarization with the polarization direction at an angle of 45° to the X-
axis and Z-axis (which will be referred to hereinafter as "45° linear
polarization"), the light intensities of the four light intensity
distributional areas 41a-41d become equal to each other.
[0039] The light forming the quadrupolar light intensity distribution 41
20 on the pupil plane of the afocal lens 4 forms the light intensity
distribution of the quadrupolar shape corresponding to the light intensity
distributional areas 41a-41d on the entrance surface of the cylindrical
micro fly's eye lens 8, and on the rear focal plane of the cylindrical
micro fly's eye lens 8 or on the illumination pupil near it (the position
25 where the aperture stop 9 is arranged). Namely, the afocal lens 4,

zoom lens 7, and cylindrical micro fly's eye lens 8 constitute a
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size, and pol arization state of the illumnation pupil |um nance
distribution. Furthernore, the exposure apparatus (1-W5) of the present
enbodi menwoieo%iska1t o perform good exposure under an appPCOOIP2@E/e69704

illum nation condition realized according to the pattern 5characteristic of
the mask M wusing the illum nation optical apparatus (2-12) capable of
realizing the illumnation conditions of great variety. [0044] In the
present enbodi nept, whep the spatial |ight dul ators ,33 and .are in the
st andar d Qlatréa,utm forming opgical sEEEM whiehy %eimgﬁ@t%ﬂﬁ%f 31 e

G e
o e, TR S T B e
spatial | i%???i%ﬁ&fgi%ﬁm& atgréﬁda?ﬂ.ﬁgxﬁqcpng.w&mﬁfh%ﬁﬂ fibhug al 15
a3 ax ofThet Priiroley Sfe BT HELEY, dRutSalRiE e darblFIaRt ne”
(or  paral | P YRR 16 I BB iftepsio s B A et o iR £P0 @
ol omont | § 0Rp o LAY (PRef BiRna AR o ARt ool Mool GG P on ™
pat 4l 11 MEGAREE AP, e UL BOSTIAMBINT ity Slfodl ™ e
mrror el SR @ng‘%gfa%%ﬁ@Pﬁﬁ%l iﬁ&%'f%% ghgfébtiﬁﬁ tilad sy dn@Pg.. 25ar r anged

near the prismme | S case, t rismmenbers” 31, 32 serve as

coygr menb f ' }zéra &rfédn &gﬁuy&hﬁﬂ S appropiste t he
du¥gbi | ty®g$0]t ﬁghééggppgllﬁfﬁ)fip t ﬂrr% ul atorg 3 ,534. [0%1216] Pg t'he present

enbodi nentj[lumiativat Eehditidihhcemdiigtoé enpatibin Sharictdrestiy idesiderad that the
angle O of incidence of the light (cf. Fig. 2) to the polarization
separ at i nghighllynadbufznielyeandhitkfiilyt transferhe paterheistheimasid Marite cl ose to
the Brewster s angle. This configuration can reduce the refl ectance of
p- pol ari zethe ivgdfer oW.t hdnpcher pzaenorembpdimentygtia liftufinationi pupdase
pol ari zation efficiency. The polarization separating filns 35, 36 are not
limted toluhomecoedstiabution! tecbei formeéd i isather quadmspolantillwayinktionf or
exanpl e, those having "a . .

15 pupil luminance distribution corresponding to the quadrupolar light

intensity distribution 41 shown in Fig. 4 and the beams passing through
this quadrupolar illumination pupil luminance distribution are set in a
circumferential polarization state. In the circumferential polarization
quadrupolar illumination based on the quadrupolar illumination pupil
20 Juminance distribution in the circumferential polarization state, the light
impinging upon the wafer W as a final illumination target surface is in a
polarization state in which the principal component is s-polarized light.
[0041] Here the s-polarized light is linearly polarized light with the
polarization direction along a direction normal to a plane of incidence
25 | (which is polarized light with the electric vector vibrating in the

direction normal to the plane of incidence). The plane of incidence is
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10 pol arization separating |layer of a periodic grating structure." The
"pol ari zation separating |ayer of the periodic grating structure" of this
type can we 2a0vissaigrid type pol arizati on separating el ecearaosossioch a
plurality of metal gratings parallel to a first direction are periodically
arranged in a second direction orthogonal to the first direction. This 15
technology is disclosed, for exanple, in Japanese Patent Application

ot oPen M08 e W TRt b GUREA08: SRPERRROBEARG e oL,
2 SOl BP0t MBS IR kT e B o
Lot =., VRS URE oA RS, AO0CTLAhEts B SASRANCSITRLL gl ons,
(e af ooal ity SSHBLGRY BYYRETICE LR LR R LA LS, s or0ed
ey | o e [NETH ARG bR WIBASHGARY RS 1 0

repl aced, SYEHBhE i Oﬁéﬁ’a ] : f O s a
Fogri er trjlil(ri:1 fror m Igﬁénq{%tgcfg] I'n ?qgﬂ?gﬁggglﬁn?%gg}lng]%gﬂt ﬁ%ﬁg{’%m ari zed

i ght | _haxit (thet dépthl SOfotUR A oB¥ra), WhktebY 8eRMIPhIdAE patkdin3RndgtIed | oni ng
as a lig
obtained with high contrast on the wafer (photosensitive substrate).

[0042] Since the present embodiment uses the spatial light modulation
10 unit 3 with the pair of spatial light modulators 33, 34 in which the
postures of the mirror elements 33a, 34a each are individually changed,
it is feasible to freely and quickly change the illumination pupil
luminance distribution consisting of the first light intensity distribution
in the s-polarized state formed on the illumination pupil by the action of
15 the first spatial light modulator 33 and the second light intensity
distribution in the p-polarized state formed on the illumination pupil by
the action of the second spatial light modulator 34. In other words, the
present embodiment is able to realize the illumination conditions of
great variety in terms of the shape, size, and polarization state of the
20 illumination pupil luminance distribution, by changing each of the
shapes and sizes of the first light intensity distribution and the second
light intensity distribution in mutually different polarization states.
[0043] As described above, the illumination optical apparatus (2-12) to
illuminate the mask M as an illumination target surface on the basis of
25 the light from the light source 1 in the present embodiment is able to

realize the illumination conditions of great variety in terms of the shape,
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5 splitter is folded toward the second spatial |ight nodul ator 34 by total
reflection on the interface 32a between the prism nenber 32 and the gas 37
as a firswofotudismypisurface. Likew se, the p-polarized | ipgmtirtvas/inesgo4 r avel ed
via the second spatial light nodulator 34 is folded toward the polarization
separating film 36 functioning as a |ight conmbiner, by total 10reflection
on the interface 32b between the prism nenber 32 and the gas 37. However,

TS R0 AT 5 o PR DL i
For e by FiStPAGOhe BEaRPERPTOnaPey CepRalar apeidtih, Ui Shplyihe ' °
moaul ator BEASHh PAPAOIRCERd 3 o TRy aoptl PRy “iddnan )
moaul ator 0BG ohfipafich shotifod crsfiteloat S E A e St

f . . . Size.

bol 3r1 yat | EeERtist; SPRhE M N, Rine he ARG of Sicdonblems, e

fol | ow j | ti YA j : f ] : t I

11 uni nati G 1) SAPAPR o Rl MR R B driBhs o afL A0y Al EPe! &

0051] | I ] f i i i | e,
Steo o rolPat PIEMR fresdt Ebinfint, bl the Ypatial Aght fhodulgleh SBV0CH!

the Z-direghd o Wd th #hé QiRIar@sthtee tRE AR e MoRUF tclidgdbsy 1 ght

t
intensity distributional area 42c” with a cenffer on the optical axis AX are

formed on bégmenthe pulangatdbn s8Saratideafilrh I fithdionir a§f>a_t1iigﬂt gﬂi&é}e first
spatial light nodulator 33. The light form ng the light intensity

di $0r i but i nphralletas (@?&;oiﬂ&blenﬂaﬁithrﬂﬁe theeffbadirédtion dfheestitipg al ong 5
the X-direction as indicated by doubl e-headed arrows in the drawing On the
ot her handbeas $ivennthenpsélagizatioheseparatingnfifrhg36 Sunttoniya sl é,lciigmo
circular light intensity distributional areas 42d and 42e spaced in the
X-directi ocombiihera danbtherowdrds, apttheastandarl Adatancf sheispatiabrlightght
intensity distributional area 42c" with a center on the optical axis AX
10ar e f or nedduatone 33uand 34, dhe todveling directionk efsthé inciddre bedmaw of t he
second spatial |ight nodul ator 34. The light formng the light intensity
di st ri but i teaspairad dight adodulationdanit 3nasd the epitimg beai frondihespatial al ong
the Z-direction as indicated by doubl e-headed arrows in the draw ng.

15 light modulation unit 3 are coincident with (or parallel to) the optical

axis AX of the illumination optical apparatus. Since the optical paths
upstream and downstream of the spatial light modulation unit 3 are
coaxial (or parallel), the optical system can be shared, for example, with
the conventional illumination optical apparatus using a diffractive
20 optical element for formation of the illumination pupil luminance
distribution.
[0045] In the present embodiment, the mirror elements 33a of the first
spatial light modulator 33 are arranged near the prism member 31 and
the mirror elements 34a of the second spatial light modulator 34 are
25 arranged near the prism member 32. In this case, the prism members

31, 32 serve as cover members for the mirror elements 33a, 34a, which
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[0052] As a result, the light intensity distributional areas 42a-42e of the
15 pent apol ar shape are forned, as shown in the right viewin Fig. 5, on

t he pupi Iwpl2aevensefs4it he af ocal | ens 4. The circul ar |i ghtrCraPznsnéyo4
distributional area 42c with a center on the optical axis AXis forned by
superposition of the light intensity distributional areas 42c' and 42c".
When an optical path length difference of not |Iess than a tenporal 20

o T, e AR BRI )
I T R A M T T
beam vt U1 Wiy BEL 4ESLD e R O AR BT S LT P IRE, 3P o

(0]
ntonsi Uy O SUR BRTraRaibl” oEbaYRg, PREE 37" ARG et Mo hudf or 81 ¢
O Spat TarPEn S Tode o X5 clsF, Jop IR MRy AhBRE TR 0 a°
modul ator 34 L5 s poot ] (ARG tofRctiiee BT, BRI obi 8L o
G St 1 buti beal ar b 5T o i Go8 Yot naer S, pOBrit e

i nci dent b pelatrizatisnael afatiﬂ%ﬂlmﬁg% B& arehotiliritdd t¥iBBsé hdRobAr | zat i on
state of the beamincident to the spatial light nodulation 10 unit 3 is
circul ar pdiglectris noultiday 5 ilinge bt nﬁgyrlbegafdroexamPﬁe,lﬂ@hé Iianxiﬁgsﬁati es of
the four surrounding light intensity distributional areas 42a, 42b, 42d,
42d0ar e eqpelarizatiac sepatatingaidyehefl agperiodicnsiatingobtrubgire@nt &fhd i ght
intensity distributional area 42c is twce the light intensities of the

ot her ar ea8polusjza0ies] sepmarating Hayerepdthe eperiadiot giatinignstrpetsse’t of thinigh a

hal f wave plate may be made incident to the polarization separating film 35
f unct i oni ngyre can lheghtwiselgrid type polaatzationf separating welemenf it Wehishpol ari zed
light and the p-polarized |ight separated by the polarization separating
film 35 caplwelitymfr sletaldgratingst patablgl tthea Hauist directionl ateepariodigdly on t he

arranged in a second direction orthogonal to the first direction. This

15 technology is disclosed, for example, in Japanese Patent Application
Laid-open No. 2005-77819 and U.S. Pat. No. 7,116,478 corresponding
thereto.

[0047] In the above-described embodiment, the spatial light modulation
unit 3 is composed of the pair of prism members 31 and 32 and the pair

20 of spatial light modulators 33 and 34. However, without having to be
limited to this, various forms can be contemplated for specific
configurations of the spatial light modulation unit 3.

[0048] In the foregoing embodiment, the afocal lens 4, conical axicon
system 6, and zoom lens 7 are arranged in the optical path between the

25 spatial light modulation unit 3 and the cylindrical micro fly's eye lens 8.

However, without having to be limited to this, these optical members
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20 light source side with respect to the polarization separating film 35,
around the optical axis. Nanely, it is feasible to control the ratio of

i nt ensi f iwe 2009/@84530! ari zed | i ght and p-pol arized |ight Peaghaogoédier pupi |
pl ane of the afocal lens 4. It is also possible to nake only the
s-polarized light or p-polarized |light reach the pupil plane of the afocal
25l ens 4, for exanple, by controlling the angle of rotation of the half

V0 20601055851 B/ SEUSEh 0457 05 AUl athgt  FPRASESEE taptEiaht SsfEPhg the
angl e of rmﬁmagggotﬂﬂefrtcal\égogég%[?%so as to make the p-polarized

| i ght inci e polariza ting film35. This permts a

ar bas- a1, SNSRI Vi Ebie CrpB0diiedt, i, Sphol ARG i kNG el
{1 35 | oo e D o Aft 2R RREREL bl 3 f Mgl SFgRe" ' ™
Cor i g e B T A R D e rete P2t on

separ at | ng réfléetigid onlthd WleHfee532 bRWba the YfikMicheniBACYS fand i g1OUl.
having to be limted to this, it is also poss e to adopt a nodification
exanpl e i ngabBTtag Heirkd ﬂﬂair?émﬁfh@é. angkdviige! t}@mj"d}aiﬁké@ui fhGving Onmon
pol ari zati on beam splitter 51, for exanple, as shown in Fig. 6. Imthe
spatial |i ghivelmblvizathosecond spatishlight nodulatdrosl fik daldeh t@warPtige of Fi g.
6, the s- 15 polarized light reflected on a polarization separating film
5la, in theoldrgtatiomsemterating| foing 36hfurmpioniag a8xd HghXcofilineAbypaital | zat i on
beam splitter 51, travels through a quarter wave plate 52 to becone

ci déul ar | yre@¢ction et theymterfacd 32te between ahé yprixthamiensiser! 32 kind ¢he nci dent
to the first spatial |ight nodulator 53. 20[0056] Light reflected by a
plurality gasm?rotevevent without heavingsto dmatlimiteti tphtthisyditl &t aisdb3
travel s through the quarter wave plate 52 to becone p-polarized Iight and
the p- pol appgdble tqyprovide arneflecsingalnp onthentarfacdscsida, S@b.tt er 51. The
p-pol arized Iight having traveled via the first spatial |ight nodul ator 53
to enter tEQQSQ& n ithgt pbaveedescrgyinm, t the gmdrgpekesillummnagion: papil

pol ari zat i in separ g&,i ng fi.lm5la to be emtted fromthe polarization beam
splitter SUMNANCEAIS 13 is fagmed py forming the Z-directionally dipolar

15 light intensity distributional areas 41a, 41b by the action of the first

spatial light modulator 33 and forming the X-directionally dipolar light
intensity distributional areas 41c, 41d by the action of the second spatial
light modulator 34. However, in the present embodiment, as described
above, various forms can be contemplated as to the shape, size, and
20 polarization state of the illumination pupil luminance distribution. The
following will schematically describe an example of forming a
pentapolar illumination pupil luminance distribution, with reference to
Fig. 5.
[0051] In this example, as shown in the left view in Fig. 5, for example,
25 two circular light intensity distributional areas 42a and 42b spaced in

the Z-direction with a center on the optical axis AX and a circular light
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WO 20091054541PCT/ JP2008/ 069704 the first spatial |ight nodul ator 53, the
Il i ght having travel ed al ong the optical axis AX into the spatial |ight
nodul at i omoune%osdiand then via the first spatial |ight pondet@s/o69766 i s
emtted along the optical axis AX fromthe spatial |ight nodul ation unit
3A. 5[0057] On the other hand, the p-polarized |ight passing through the
pol ari zati on separating film51la of the polarization beamsplitter 51

[ ant, and s PR EpaT At 426 Wl SoaSF BTG Avticst s BX 81" Spa 1
10°t e secdntmentt dfe PGt Tabg s 28a It £/ sitadion R Bl "uave
Phe. polari SRETAN 1has RRRIREET 2 O TR it (3B | e ekl bl oF oo
oo RUBLERRLAT A 0ASs M. A LR OO Mo o
spl {St ter 5%@?%(%%&20%%%31@&3&%(?fel}yopﬁyﬁleg-g%%(ger%%Spa ?%%Sﬁa no&ul at or
55, the |i ghi tha\Wtne ﬁmeiseglﬁ%,%n% g{éte%&%f ¢ waxl F%’iq&}rg}]}%ﬁ%?ati al

| i ght nodul ation unit 3A"and t e second spa ul at or
55, is enm tiwedcirbelag Ii : B DAY Pahd ' -

20nodul ation unit 3A %lgoigg?ﬁéli?the aéﬁégagg&%%qgtziao%dﬁgeék at idafnl i ght
nodul at or s thié D-difeetiphunithid ¥edfer @it ﬂfe%dp@éaﬁ@ﬂé AXT 4l 88Grcular light

t wo- di nensionally and controlled individually are those in which™the

ori ent at i ofstenbity HstrifitRatal neres UIECAstH anaingse ohnblel pticalnstisaAranged

t wo-di nensionally can be individually 25controll ed. However, w thout having
tolBe |im aed formedion thd pupilapmaepobtidhfocal denedabpltBe detionsef drat i al

| i ght nodul ators in which heights (positions) of the reflecting surfaces
arranged t secatidepatialaghtymodualdter 3ddi VIl fighy fmnirrgatHeEH%hﬂhﬁeﬁsiqt i al

i ght nmodul ators of this type applicable herein can be selected, for
exanpl e, fdistribntiosphareds 42dh42epddththas thdipoalarigetion rdidegizore aboriat ent
Application Laid-open No. 6- 5 281869 and U S. Pat. No. 5,312,513

cor r espondilg)Ztdizection asiadicatad by domblerhgagded asovrairethte dgawingat i on

Lai d-open (Translation of PCT Application) No. 2004-520618 and U.S. Pat.
No. 6, 885, U552t orvsed pesivdi, e dightdntensityedistriputional areashd2aetlld of thes are
able to apply the sane action as a diffracting _ surface, to the incident
i 4Rt by f BeRiapglar shape are formed, as shown mn the right view in Fig. 5, on the

pupil plane of the afocal lens 4. The circular light intensity
distributional area 42c with a center on the optical axis AX is formed by
superposition of the light intensity distributional areas 42¢' and 42c".
When an optical path length difference of not less than a temporal
20 coherence length of the light source 1 is provided between the s-
polarized light traveling via the first spatial light modulator 33 to the
pupil plane of the afocal lens 4 and the p-polarized light traveling via
the second spatial light modulator 34 to the pupil plane of the afocal
lens 4, the beam with the polarization direction along the Z-direction
25 and the beam with the polarization direction along the X-direction as

indicated by the double-headed arrows in the drawing pass through the
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10 a two-di nensional height distribution. The above-described spatial |ight
nmodul ators with the plurality of reflecting surfaces arranged

t wo- di nrerwoan@ldsyssmay be nodified, for exanple, accordi rgTUB28@69d04SC| OSUr e
i n Japanese Patent Application Laid-open (Translation of PCT Application)
No. 2006-513442 and U.S. Pat. No. 6,891,655 15 corresponding thereto, or
according to the disclosure in Japanese Pat ent Application Laid-open
(Transl ation, of P |l_0atl on) 2005- 524112 and U.S. Pat. Published
Appl i cat i d’ﬁ%lof%@,hﬁg dﬂ%@b‘ﬁ’@iﬂﬁba{% 0. [0059] In the above

description, th atial ht nodul at.ors used, ar 2 the refl ective
spatial |ilgR$3 ]nﬁhhg%l%%’i‘%t tW? ]élﬁ'e egr 15119 Patdy ] enceRetwesD: |

lvfstgzg %72 %ﬁ&@%ﬁ%}bﬁh a|VP gl vinthis G5, DanaL P 'b'ﬁ‘fﬂlaft%r 3 §P"T:u§h He
r:mdu: :][I f)lr{[hﬁlnfg‘tl ](L@c jﬁgﬂ]@a f?éﬁﬁz?lﬁ éa?l?‘ﬁﬁh% gﬁ% @%@h&ﬁ%épatvp ?his)\gvint/?
tﬁli% o .;%sttpgﬁs fﬁﬁapéua ghf fndhtbld 34 163 ﬁﬁﬁﬂf@éﬁ?{i@%@éga&og%%g%&
fﬁﬁié%éi | alieggm’t gé@?}l %gﬁlgéxs?%tgmﬂoez gééplglln%ﬁz I on a{%{eg}pq%%@edrfrﬁllf t
rocul at o “%faff%?fo%%%ﬁ%ﬁ %ﬂ%ﬁfwﬁ%li?fﬁ% %%éééﬁic?‘%%oﬁmﬁf i poRafaon, | Ig h
modul at or B OF AP IR R 15 (HE spafal ER) nfiddja %lﬁﬁeﬁzzﬂ‘”él?ht e
fol ded "8%0 pol ahaaqeﬁ%at&%f%he Bﬂélﬂeﬂtﬁﬁ‘&f@ iia} 1izht $odiiBEbhoNi ng as

alight c i‘ner. The s- pol arlze t having t vele via the first
sppgi al  Igniti ghis reeldlat 35 lﬁﬁzﬁtnenhay' 25 dii&irePoldiezRRirar tatlight beam
splitter 64 is reflected by a polarization separating film 64a and the .

reflected iptahditics ¢Mhd dduf rsurduirling! Bshe dhiepRith ediztusblitiohalr afehs I n the
standard state of the first spati al Ilgh nodul ator 62, the |ight having

travel ed a424aH2thed2dt42abreaxiggalitd eadlo ot apbthalight Qﬁll‘ensltyitdﬂﬂ'leon uni t
3B and then 15t hrough the first spatial |ight nodulator 62 is emtted al ong

t he opti catersier HighKiftearity kiistsibalticalal largh ¥l 2otd ivate thie light iB@nsities

of the other areas.

15 [0054] As another example, light having passed through a half wave
plate may be made incident to the polarization separating film 35
functioning as a light splitter. A ratio of intensities of the s-polarized
light and the p-polarized light separated by the polarization separating
film 35 can be controlled by rotating the half wave plate arranged on the

20 light source side with respect to the polarization separating film 35,
around the optical axis. Namely, it is feasible to control the ratio of
intensities of s-polarized light and p-polarized light reaching the pupil
plane of the afocal lens 4. It is also possible to make only the s-
polarized light or p-polarized light reach the pupil plane of the afocal

25 lens 4, for example, by controlling the angle of rotation of the half wave

plate so as to make the s-polarized light incident to the polarization
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[ 0061] The p-pol arized light having passed through the polarization
separating filme6la of the polarization beamsplitter 61 is incident into a
second spavi2ady/dskght nodul at or 65. The |ight having paseeu/Jrtmwsoghosa 20
plurality of optical elenments of the second spatial |ight nodulator 65 is
folded by a path folding mrror 66 and the folded light is incident to the
pol ari zati on beam splitter 64. The p-polarized light having travel ed via

t he second spatial |ight nodul ator 65 and having enter.ed t | agi zation
beam spl i separatng filmy3bsor byoogniroHing she angle ianr%EQFa?Fa@g%@ifl m 64a

and is emtted fromthe polarizatigon beamsplifter, 64. ln the standard
state of Wwavesdyated spaas dio Imake lﬂ‘ﬂoé@n%ﬁié ﬁght IlinﬁFﬁ:eIﬁa%’n €wWo

et TR RIRTRER RO T AT
Todul at | OAISIHbRIGR (5 BodBbt e SISPEORIGRR BRI 1 ot FIbn Ly st om i s
"3 he pobaprAannisd o IePHR R S TGRS BT 2ea 11 ant i< & princi pal
L
- bl B e AR 1 1
ﬁgn%gfsspgp?éﬁ emf%xﬁg #ﬁ%ﬁ% ilonI uni't Jf'f:?falarsﬂaQ%O\%11 |cphﬁlﬁgh9%mlsf§ Fi g.e Sa';nf;e
refer enc\gﬂtsl€ r%%ﬁ%gﬁﬁf%ggr% E'OPEIZ t%%?/g?ﬁ?gﬁglﬁ%ggﬁpgo%ﬁ?ﬁﬁggig%o% in the

{ ficati i cei euki t . ource 1
X e SO EIATRY AR cbmbneecchtudien il ity hend tiitedour co
and e {5 4biBhL i 1y Aldesbabicnd) Aldpal nsdisication! vanglel hevatieh itaé |1 ght

modul ation unif "3 Thi olarization control unit 13 i's conposed, for
20exanpl e i splfted anifyite Right Rokdsinef hansesl cemmohapslatigation Wednt he

splitter 51, for example, as shown in Fig. 6. In the spatial light
modulation unit 3A shown in the modification example of Fig. 6, the s-

15 polarized light reflected on a polarization separating film 51a, in the
light incident along the optical axis AX into the polarization beam
splitter 51, travels through a quarter wave plate 52 to become circularly
polarized light, and the circularly polarized light is incident to the first
spatial light modulator 53.

20 [0056] Light reflected by a plurality of mirror elements of the first
spatial light modulator 53 travels through the quarter wave plate 52 to
become p-polarized light and the p-polarized light returns to the
polarization beam splitter 51. The p-polarized light having traveled
via the first spatial light modulator 53 to enter the polarization beam

25 splitter 51, passes through the polarization separating film 5la to be
emitted from the polarization beam splitter 51. In the standard state of
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optical axis or around an axis parallel to the optical axis, and a
rotational drive unit 13b which rotationally drives the half wave plate
13a. [006wD 2bevosessanpl e, linearly polarized Iight with ®heJpiosinészes i on
direction (direction of the electric field) along the 45 direction to the
X- 25axis or the Z-axis in the XZ plane can be supplied to the spati al

| i ght nodulation unit 3, by rotationally adjusting the hal f mave pl ate 13a
through the rotational drive unit 13b. At _this tine, antlty of
the s-pol #he fost bpafial l(lghtemw@ﬂatqrr Methenljichbhaving ﬁr@ (La li ght

nmodul at or 33) and_ the ht quant,i f th poI arjz (the l'i ght
travel i ngopbieal mmé&aa%] %ﬁﬁ’ﬂ'ﬂ@i 3@% %Ié%gl?*%ﬁ &by the
5pol ari zat i on separ ating fi (ff t spat i ht m)dul at on. u 3 becone
appr oxi matlae yirsgspatial [M@ @ﬁﬁ’éhjr%o’esa‘?m a‘i\‘g‘} 103 | f wave
plate 13a | Be pol. afihgﬁtlonlﬁontml Lt 13, it is feasible to set the
rati o of tfmrmt gisPatia piPRANIL 38t ari zed | ght (the light toward

i ant ¢ ovdP® ) gb netbseégh@”x‘;q? HiG oA g St i
Poht - quadRRgERti SePREiing: te%‘ﬁ} ﬁaﬂﬂéa'egt%%ﬁaoﬁﬁ%ﬁﬁﬁ AR ot 1Tan
at o of el BReRoR R v EldR. SR Wi ety PARIRETL s S
AX and thil gﬁ%bﬁﬁg?ﬁﬁdcaf;%”tﬂéﬁifﬁqlﬁh%ﬁﬁtﬁ%‘lﬁglﬁ”tlh&f%ﬁ3?%@%%0?’? PLar af ons
4lc, 41d spa gﬂoﬂﬂléltt&S%(t dlngﬁﬂ&Ty ra%\'%faﬁﬁﬂ%ﬁ’fy%‘frﬁﬁ?oloﬂ%hi@’its@f' s AX can

be set at "& rre
10 the second spatial light modulator 55 travels through the quarter wave

plate 54 to become s-polarized light and the s-polarized light returns to
the polarization beam splitter 51. The s-polarized light having traveled
via the second spatial light modulator 55 and having entered the
polarization beam splitter 51, is reflected by the polarization separating
15 film 51a and the reflected light is emitted from the polarization beam
splitter 51. In the standard state of the second spatial light modulator
55, the light having traveled along the optical axis AX into the spatial
light modulation unit 3A and then via the second spatial light modulator
55, is emitted along the optical axis AX from the spatial light
20 modulation unit 3A.
[0058] In the above description, the spatial light modulators with the
plurality of optical elements arranged two-dimensionally and controlled
individually are those in which the orientations of the reflecting surfaces
(angles: inclinations) arranged two-dimensionally can be individually
25 controlled. However, without having to be limited to this, it is also

possible, for example, to use spatial light modulators in which heights
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20[ 0066] In the nodification exanple shown in Fig. 8, the apparatus may be
so arranged that an illum nation pupil polarization distribution is
measur ed W9 2009m3pd4t pol ari zation di stribution neasuri ngprdedpues/aséh7and t hat
the polarization control unit 13 is controlled according to the result of
t he measurement. In this case, each spatial |ight nodulator in the
2bspatial light nodulation unit may be controlled as occasi on may demand.

This pupil, polarizatjon distributi i devj. 14 i
fzoogﬁo%ls@p@gmé?&gﬁegg oating e aangen - dbBer s Al UE Post age Vs
or holding.t er Wor, i t . st | d tely f
'E he vvafe[] lgfih‘é‘au Sﬁ?trf’hﬁ‘lti-nrre Eﬁgégtfaggﬁﬁgl a&%@éﬂﬁr‘@\ég s‘tggt%ﬁ) raﬁg %plupirlom
or in the aper t i1 um [ | i ght | i ght ). i,nci dent t
(be i o SRR P 554 WERLORL PRI SEBER 1 bR oo ©
state neasuri,ng devi.ce, 14 are.di scl osgd, I bp J Pat ent
Appl i ﬁat i JHOFH Q@péﬁchb?edz’éb%@é%ﬁ?sf%ﬁ%g?{P&ﬁ@{ﬁ%ﬁlﬁg‘ﬂ?ﬁﬁ?ﬂ%ﬁ 'e? f 22t ive
as foll ows, examle,p.ev t ' | egtance  diqf 4 ce
ettieen pot AT P b om0 PobrdnfofdinerBiePeor andUin TR,
| Lumi nati o optiaalesy $ea, rgﬁ itdfo Pl -;)%Zﬂ ARGy BeBCpdver se
gffect t he b@l gRPBE preventit)é%b %n e m)iglP #)cat on exar?g?/e otrqul g. 8 the
i rection Lz atron [ | i | aty i '
ad] ust ec SAPPHSHGSHENGY, BR0UTR00R  And | 408, T NG O3 o al so
e achiev ogfd% | 4 : éﬁﬁﬁ’ ' ostgﬁj;'ll'ht
nodul atif)ﬁéblfﬁlstﬁ ar%lli}gec}%?ﬁe g%’?%%gﬁé%élﬂg T %’9%%?’2% ?%?%%ﬁt C t1 gl ulnigt
13 can a t%%n?é’ ji SoBdiof 4 ' ; hWfdrhtiae 6 d 7.
[0068] In tee a ofajét_rlrgﬁtalg%ngeﬂéﬂg‘rﬂoog‘l énkgﬁdégﬁ(&q?ﬁeménlggp?ln at iHXr:f exarr%l esagf
Figy. 6 toy &wd-demehSidhab Hdighedisfibutlsh.! | Te aBEVeMRscHBEE spatial

light modulators with the plurality of reflecting surfaces arranged two-

dimensionally may be modified, for example, according to the
disclosure in Japanese Patent Application Laid-open (Translation of
PCT Application) No. 2006-513442 and U.S. Pat. No. 6,891,655
15 corresponding thereto, or according to the disclosure in Japanese Patent
Application Laid-open (Translation of PCT Application) No. 2005-
524112 and U.S. Pat. Published Application No. 2005/0095749
corresponding thereto.
[0059] In the above description, the spatial light modulators used are
20 the reflective spatial light modulators with the plurality of mirror
elements, but, without having to be limited to this, it is also possible, for
example, to use the transmissive spatial light modulator disclosed in
U.S. Pat. No. 5,229,872. Fig. 7 schematically shows a configuration of
a spatial light modulation unit according to a modification example
25 having transmissive spatial light modulators. In the spatial light

modulation unit 3B shown in the modification example of Fig. 7, the s-
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20 the pol arization separating film (35, 36; 5la; 6la, 64a), but, w thout
having to be limted to this, it is also possible to adopt a configuration
i n whi ch wbeotwaghdsisplitter and the |ight conbiner haveraTgepasatoweng film
to effect anplitude division of a beam In this case, the first |ight
intensity distribution formed on the illum nation pupil by the action of
25the first spatial |ight nodul ator has the sane polarization state as the
second light intensity distrjbution forned on the i I%ﬁlm'gftion pupil by WO
200910545 pvbgizeblpt/ mEsrted bl polaemtion sepARERENHIBHQE a0 ﬂligégt

nodul ator, but it _becones feasible reali z«i i.I I um nation ndié' ons of
great var ilagidenh %léﬁ%ﬁhéfopwls%éegﬁgéos@i@ FZIHRN Q92T &n ipupi I

| um nance distripution, by changi ng each .qf {he, shapges_ and si,z f the
first |igHaneHeBHE 85 @ Yot bSRTRT, cisd RFiNEnG dBi P | tSPEPHaéniﬁsgtl"g <

di stributi on. %306& In the aforenentioned enbodi nent and the nodification
exanpl es srogylator g2 o 8, the polarization separating film (35; 5la; 61a)

il P,
i nci dgnt &Bﬁ‘ﬁm r‘Fﬂ%mF%BS nglhﬁ:lﬂﬁ gf)_ éﬁf’s td%ﬁ\‘f\ﬁ@@@h@n‘%ﬁ%@?léﬁslﬁgw ng a
e of ol gl on ghR e 6AHhe oo IThEaRR iRt ssont €2
embodt nentngiicet ot ROARERAAh  Beotd, Shlinjer B (EACARD aPa T,
Spat1 al | IGTEOG) BTN R 2o R Pt B R, T e R e e
1@ 9. 9 1idiReRRRI0E §P AP Y cARiEd thd g%éﬁ?fﬁléﬂ Beshesplifierggh the

shapi ng op system ent al he optical axis AX to the

diffracti i r@ﬂ%bf%]bg'afegﬁlh&izﬁﬁoﬁss araths 1Bl 64hend Mhersiiddteddighte opti cal
u

el ement 71 has s nction that, for exanple, when a parallel beamwth

a 1 ect angubAmiticeb frot? thé Poldrszdtits] Beah iline 64ie Dthestarbard shifet her et o
it forms two rectangular Fight intensity distributional areas spaced in the

Z- di rect i off hievfitdh spatighlight Addultetod B2, tae light havihg traveled dlengfthel d (or
Fraunhofer diffraction region). In other words, the diffractive opti cal

el enent 7loptical axis AX into the spatial light modulation unit 3B and then

15 through the first spatial light modulator 62 is emitted along the optical
axis AX from the spatial light modulation unit 3B.
[0061] The p-polérized light having passed through the polarization
separating film 61a of the polarization beam splitter 61 is incident into a
second spatial light modulator 65. The light having passed through a

20 plurality of optical elements of the second spatial light modulator 65 is
folded by a path folding mirror 66 and the folded light is incident to the
polarization beam splitter 64. The p-polarized light having travéled
via the second spatial light modulator 65 and having entered the
polarization beam splitter 64, travels through the polarization separating

25 film 64a and is emitted from the polarization beam splitter 64. In the
standard state of the second spatial light modulator 65, the light having

-20 -



functions to split the incident light into two beans. [0071] The first beam
out of the two beans split by the diffractive optical elenent 71 travels
t hrough twe 2eovdesaser | ens 72 functioning as a Fourier tcangiosmedens and
then enters the half wave plate 73A 5 rotatable around the optical axis AXa
of the optical path of the first beamor around an axis parallel to the
optical axis AXa. Light in a linearly polarized state having passed through
the half wave plate 73A travels via the spatial |ight nodul ation, unit 74A
?nd theL e(azfri]ﬁzdedtai?nglthetdptimbmdméx it theespatiahil amedulaion¥Bial | ens 4
o reach the pupil 10 plane 4c of the afocal lens 4. On the other, hand, th
iic?nd bf&ﬁﬂ%}(aﬁlﬁ thef}nttl;mugdméh@asnconélspatlﬂyhgbé modulater G 1osMIHEd el enent ©
ravel s rough the condenser |ens 72 apd enters the half wave plate
r ot at abl ealangithe opticad priscAX &mﬂmm)%malﬁ tdﬁ?ﬁ@iﬁ“%?ﬂlt t he sgcond 38

LT G P b
;ngggzgﬂfhggi??gq?éegﬁh [ ?wrgP.of ﬁ%pe 8%%&?@%?@&88%@ igngrpisl stem
i supssis i sl b getal ol 6L e 0ol P Soroi e
opoi 5 TS abrbec il bt AR RSl e
Sﬁls ;:r ;2;\ i gﬁ?rsa%tfj@}i’ é’%%‘ﬁ’i%‘&l%ﬂgf Rg]fatrg% &%@%QPE%%EI%QE’Z[%%Q@? S %% ul a%/i on
gt modBPPEn o exanETey 1St & Redififtiol MtigRIm AR TER o
hzﬂz)e the Is)gﬂa?'iz%%fni 9551 BRit 13 fbF n’?allaﬁg the polarization state of exiting

light variable is provided in the optical path on the light source 1 side of

the spatial light modulation unit 3, as shown in Fig. 8. In Fig. 8 the
members with the same functionality as in Fig. 1 are denoted by the
same reference symbols.

15 [0063] The pé)laﬁzation control unit 13 shown in the modification
example of Fig. 8 receives the light from the light source 1 having
traveled via the shaping optical system 2 and path folding mirror, and
emits light in a desired polarization state toward the spatial light
modulation unit 3. This polarization control unit 13 is composed, for

20 example, of a half wave plate 13a arranged as rotatable around the

| optical axis or around an axis parallel to the optical axis, and a rotational
drive unit 13b which rotationally drives the half wave plate 13a.
[0064] For example, linearly polarized light with the polarization
direction (direction of the electric field) along the 45° direction to the X-

25 axis or the Z-axis in the XZ plane can be supplied to the spatial light
modulation unit 3, by rotationally adjusting the half wave plate 13a
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assuned that a parallel beamin a linearly polarized state wth the

pol ari zation direction along a direction at 45 to the Z-direction and the
X-di rect iwo 20®/asmtident to the diffractive optical el emeot/JPdnosévaes | i ght
in an X-directionally linearly polarized state (laterally polarized state)
with 5 polarization along the X-direction is incident to the spatial |ight
nodul ation unit 74A because of the action of the half wave plate 73A and

that light in a Z-directionally linearly poJarized state (vertically
pol ar i zed throngh) thei notatienal [drie¢ LeH ]aﬂiﬁbngAttﬁ%lSZl@ies@ﬁﬂ&ﬁt Ayanphky 8knt to the

spatial |ight nodu] atign unit 74B because of th ction of the.half wave
10pl ate 738 spolazizednbghpdthe ilkg?ﬁotﬁﬂ’ém&ttpﬁ’ﬁrg ea Srstospaial; Hgﬁ pati al

i ght nodul ation upjt 74A w ).l be descri bel ow wi th,.r enge,.to Figs.
1ogand 11 megiplator gé)@ﬁ tthg) fl bﬂpa%%ngﬁ%rP'Bﬁmnzﬁghggii?ﬁbﬂ ﬁﬁhhas tﬁe
same configuration as the spatial L. ght.od t]o nit 74A sedundant 15
descripti%?%%ieiuj&ﬁof"l Yard Scﬁ?go{lhes 'Erlgh&n&u ?tﬁl{za I%‘?Paﬁﬁ@da%hg%% of the
S ial |ight.modul ation unit.74B. ~The spat.i al+. 14,90t ti it 74A,
ag hown iﬂ%lﬁ“@tl%,saﬁi’é‘gat&%rﬁﬁﬂn %bﬁ%ég’ahﬁﬁalﬁg%gfp8§$%rtﬁﬁY ,Lsne. g.,
fluorite, ;and a reflecti)[/ei %o%%}lal | i ght nodul ator 23a attached in

pr oxi mtyb[egoglesg&ro]xg@g F5A%Y t he prism 23b parallel to the XY plane.

20, The OPKbac Y 3 SR OReAER BF REYRRERARRpRRS ey i e
Ao oon il 19 olelifGidR CRRBMIIiET1 4,18 i RALIHLAR! Lty PO T tHpREUT € 1

[ 0074] Th® s a form’o y replaci ng one si e of 2ba
rect angul LAl [ i Q@@pﬁﬁ,ﬁa OtHefirst ; 3ba to
whi ch ?heaiuggtﬁ&%k (ﬁigl%tsqﬁg%r?zaetﬁog%%gﬁ?sl ttac elg In prs(s)tx' m“%‘sflgﬁlg si de

f s 23b i - , id rism
bause of"fRlefo B30 RIP IRE b bR A FRAE (P gk e B Beeond Sbb and

23bc depr i | Sepdrated by the’ pBlaititaf 5 tiyigtfilen pl anes
PN1 and PN ?ﬁ% g%{e?ﬁ%{gagﬁp%?%btuse an}SI e.§5The t wo p?l?ggs N1 and PN2

both are qyft ﬂﬁ?ﬁ{)ﬂial tpiith@odalaiememing, mkayt lfilghﬁ/qﬁhﬁﬁ?b eatiog Foe YZ

pl ane. [0075] ernal” surfaces of the two side faces 23bb and 23bc in
contact algagnple, inties sass Wheré ithe qhatdrgalht ligho éntexsindisgibuticrs

X-di rection) bet ween t he two pl anes PN1 and PN2 function as reflecting
surfaces Rkeas 4la-41d as shown in Fig. 4 are formed, a ratio of the light

15 intensity of the two light intensity distributional areas Ala, 41b spaced
in the Z-direction with a center on the optical axis AX and the light
intensity of the two light intensity distributional areas 41c, 41d spaced
in the X-direction with a center on the optical axis AX can be set at a
desired light quantity ratio.

20 [0066] In the modification example shown in Fig. 8, the apparatus may
be so arranged that an illumination pupil polarization distribution is
measured by a pupil polarization distribution measuring device 14 and
that the polarization control unit 13 is controlled according to the result
of the measurement. In this case, each spatial light modulator in the

25 spatial light modulation unit may be controlled as occasion may

demand. This pupil polarization distribution measuring device 14 is a
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10 and R2. Nanely, the reflecting surface RL is |ocated on the plane PN1,
the reflecting surface R2 is | ocated on the plane PN2, and an angl e between
t he refl ewDi2n@/Bussiaces RL and R2 is an obtuse angle. Ascanpmosngie, the
angl es can be determ ned as follows: the angle between the reflecting
surfaces R1L and R2 is 1200; the angle between the entrance 15 surface IP
of the prism 23b perpendicular to the optical axis AXa, and the reflecting
surface Rl is 60'; the angle between the exit surface OP of the prism 23b
per pendi cdewicet that fie popvided| indthieswafer, stage WiSeforcholsing the stiafescW R2 i s 60.
[0076] In the prism 23b, the side face 23ba to which the spatigl Iight 20
m)gul ﬁt orofnlgaaimeasuramem stagegpr@wd@g separataly dromy thegvales stE6 &5& axi s AXa;
and the reflecting surface RL is |l.ocated on_ the |ight . source 1 side (on the
upst r eam anddhat massuessyibep@latzptiontsiate léhther@ull”i%?r i tﬁ‘? @Peweknd( t he

reflecting surface R2.is_Jocated on th f. I 4 sij h

gom$]§ reaﬁf@@?llﬁﬂuﬂﬁo%%ﬁﬂgé%@‘?ﬂgﬁrl : ﬁgﬁflepﬁzglilllﬁl’f‘?é ﬁ\&?g.ﬁﬁ%). 25Mor e

peci fica - er ecting sur i . d w

{03 2852251"'{? FoalimuEin akb arBoneet e Rolpriaiton Sl SHrtyiing Ve !
1PCT1JP2008106970 i.t h ' '

o0 i sy ARGy 1 416 ArReTased JOF | SHaoler dboVAARSE Patda el ane”

passing the.inter t] | d P3 and being parallel to the X2 plane. The
si de face S¥HORS ﬂeéga§'§r§}§3b is an optical surface opposed to a surface

g R B o,
entrance &ﬁ%’b&i&%g’? hﬁg}\}éét%ngz §éﬁ g%g%ég{ﬁﬁ%%? tpn(ggﬁkgﬁgés E@ge&gﬁgﬂggat i al
gt modyhRligh aiftor SalrAgiE dn' the Mumination optical system or in the

projection optical system, adverse effect thereby can be prevented. In

the modification example of Fig. 8 the direction of polarization to the
spatial light modulation unit 3 is adjusted by the polarization control
unit 13, but the same effect can also be achieved by rotating the light
15 source 1 itself or the spatial light modulation unit 3 around the optical
axis. This polarization control unit 13 can also be applied to the
modification examples shown in Figs. 6 and 7.
[0068] In the aforementioned embodiment and the modification
examples of Figs. 6 to 8, the light splitter and the light combiner have
20 the polarization separating film (35, 36; 51a; 61a, 64a), but, without
having to be limited to this, it is also possible to adopt a configuration in
which the light splitter and the light combiner have a separating film to
effect amplitude division of a beam. In this case, the first light
intensity distribution formed on the illumination pupil by the action of
25 the first spatial light modulator has the same polarization state as the

second light intensity distribution formed on the illumination pupil by
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10 optical path between the reflecting surface RL and the reflecting
surface R2 and reflects the light incident via the reflecting surface Rl .
The ref | ewbi2n@/Bussiace R2 of the prism 23b refl ects theprcirghtoosneraent via
the spatial |ight nodulator 23a to guide the reflected light through the
exit surface OP to the front lens unit 4a of the afocal lens 4. In Fig. 10,
the 15 optical paths are expanded so that the optical axis AXa extends
linearly on the rear side of the spatial |ight dyl ation unjit .74A, for
easi er untiee actinyiofgthst sevendr spatiab ghﬂ:ilgodllglt%g;i)é 1 E@C@S@& FasiMerein the
prism23b is integrally nade of  one optical bl ock, but thf rism23b may be
const r uct &a realize IHumination wpngditiens pgglreaﬂm%ty BhiSEERP ﬂ%‘es #fial |ight
nodul at or 23a .applies spatial . modul gtj on, accorging to a position of

i nci dence asfl $izgRf theyl{yminatign Pilﬁai ic!’éﬂma&]icﬁ ISETOEHORCYY (08 & ce R .

T P S G Sl A s
" ot | guihe SErP et SRS UK RGO Bpat  al i ght nodul ater 23a has
o1 xteen MG SheTRR s bofutid, T e R bR g ol
éﬁ gé?it %E%f&?ﬁlﬁé%?f@g%ﬁé%?&tii%imi?ﬁ%&@a%ﬁ%@gﬁf‘é@ﬁ@?éﬁ%?ﬁ@ 3 o
plurality 1§)ps%$}$§pliglt@%¢1ge@éegﬁdﬂ gd"{r:\gg)c’q_e%nlﬂ% qﬁtyﬁgﬁ{?ﬁ?ﬁavﬁ@%ro the
nci dont 1 AU ERoRoc BT " ST pofIEY ol Framiele, o' ¥dope &Y 2. ©

%Ef(; and a Jo?f%éﬁgﬁgpg@g% al &ifﬁa@@i@ﬁ? g):;r)éﬁzlaF BherEk d8edlitd fsgli@ Ahefromthe

or el emen mrror e nts Ska- SEd apply respective

spati al ﬁﬁgi&%g@ﬁﬁ%@%ﬁ%@&p gl 10 Hgsh { dFing! SchdfatiaatiyLi - L4,

respecti e spatia I ght dulation unit 23 is so configured

that in thgopingdar %eﬁb?t Soﬁﬂ%ﬁ‘faiti‘éh fear afddifichtionsexdimphs wingl & the

mrror elenments~15 SE-of the Spatial |ight nodulator 23a are set in

paral | el Viifatiipe X¥pHbaheslehdtat ' aysai tighdesplietbong Eheli nradifioatiparal l el to
the optical axis AXa to the reflecting surface RL travel via the spati al

li ght moduaingple?dF Fig. heipail eonfiperatedn et esthich ahei spatialotighar al | el to
the optical axis AXa by the reflecting surface R2. Furthernore, the spati al
li gt noduyhaubition unit 3 in the embodiment of Fig. 1 is replaced by a
diffractive optical element 71, a condenser lens 72, a pair of half wave
plates 73A, 73B, and a pair of spatial light modulation units 74A, 74B.
[0070] In the modification example of Fig. 9, the beam from the light
source 1 having traveled through the shaping optical system 2 is
20 incident along the optical axis AX to the diffractive optical element 71
as a light splitter. The diffractive optical element 71 has such a
function that, for example, when a parallel beam with a rectangular
cross section is incident along the optical axis AX thereto, it forms two
rectangular light intensity distributional areas spaced in the Z-direction

25 with a center on the optical axis AX, in its far field (or Fraunhofer

diffraction region). In other words, the diffractive optical element 71
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20 unit 23 is so configured that an air-equivalent length fromthe entrance
surface IP of the prism23b via the mrror elenents SEa-SEd to the exit
surface QROI280%GuRll to an air-equival ent | ength from t heCcpas2is/osy7o4
corresponding to the entrance surface IF to the position corresponding to
the exit surface OP without the prism23b in the optical path. An

25ai r-equival ent length herein is obtained by converting an optical path

16 3000105 nE s By bieh Jent B e ﬁ%é% Sof 5. “a'nSleJ nav E he .
= : . N
by milci pi Ry L%%L?lr%” pBa ful iy e ?%gr BEATS E S, b [@ﬂe%ff ‘vZeu?B |
whi ch the g éfe&&{tﬂé{é{; ls:kher(rsgﬁgh (ﬁ’geﬁ] ? Zilf}:}g ht nodul at or
23a are arr IS POSI § & e ?WP

h
E?SSSFSFénéeﬁﬁu%%ere%aﬂ%ﬂﬁl dm‘fﬁé “f%%%?@ e bl 6 | Zééf’f e
(ocg &' 20, Makdilc IBUAR, 81 Sptieal mdg A% ﬁéé SRl in48 Of*ﬁéﬁﬁﬂ%%dm at or
23a. The | bahi bﬁfdréﬁﬁ&darphx‘ié‘ﬁaﬂllélotrgeter OBHLa1 §§g§§é>§gf igneRgtd al |1 ght

nodul at or 23a and provided wt I st r| | on forns

predet er m lipdatly gitlatinead rﬁa&mﬁlﬁgepé@@&ati g}ei?%%% i hatl wakg até 'T7§{sﬁup' |

pl ane 4c of the” afocal |ens ens unit e afocal
| ens 4 conuertk wRotless Faﬁ@lﬂhgﬁt %édlﬁaﬁéhtmﬁ@ 74&*&11&%&@5&81‘ tiaQkl£L! ement s

SEa- SEd of the spatial Tight nodulator 23a, into positions on the plane 4c

bei ng a f athroughdtheefiom lehs auiibafaeof dhé fafacal Rbhy 4% Rdac tﬁé‘?u?ﬂat i al
| i ght nodul ator 23a. [0082] Wth reference to Fig. 1, the entr e surface

e 2 e sl st v el ine by
1) of the efdbeltwo beams split by the diffractive optical element 71 travels
through the condenser lens 72 and enters the half wave plate 73B
rotatable around the optical axis AXb of the optical path of the second
beam or around an axis parallel to the optical axis AXb. Light in a
15 linearly polarized state having passed through the half wave plate 73B
travels via the spatial light modulation unit 74B and thereafter travels
through the front lens unit 4a of the afocal lens 4 to reach the pupil
plane 4c. The front lens unit 4a of the afocal lens 4 is an optical
system which superimposes the beam having passed via the spatial light
20 modulator in the spatial light fnodulation unit 74A and the beam having
passed via the spatial light modulator in the spatial light modulation unit
74B, on the pupil plane 4c, and functions as a light combiner.
[0072] For brevity of description, it is assumed hereinafter that the
spatial light modulation unit 74A arranged in the optical path of the first
25 beam and the spatial light modulation unit 74B arranged in the optical

path of the second beam have the same configuration. It is also
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| ens 4. Therefore, the light intensity distribution (lum nance distribution)
of the secondary |ight source fornmed by the cylindrical mcro fly's eye

| ens 8 i swa 2dooisussout i on according to the |ight intensiPgTdPsnshéyaed onal
areas SP1-SP4 formed on the pupil plane 4c by the spatial 25light nodul ator
23a and the front lens unit 4a of the afocal lens 4. The spatial |ight
nodul ator 23a is a novable nmulti-mrror including the WO

20091054541PCT/ JP2008/ 069704 mirror el enents SE being a | arge nunber of

m cro ref hemtmad thatnemaralel deged inegulineanty apolarimedd stateswithathey al ong
one plane with a reflecting surface of a planar shape up, as shown in Fig.
11. [ 0083pokizatinn diectzdr mbong sElirectrmy abié® dadhe i dmelctiont amchthed t he 5
reflecting surface thereof, i.e., an angle and direction of inclination of
the refl egi—dna@wcmﬂaa@mdegt to dep ehfeantive eplicalotlementy/ , Hbaklighbm of t he
drive unit 23c_(not shown in Fig. 11) operating _according to commands from
t he cont r 8n Xrditeqtipnallyningarly patarized sigte ClatsreHy rmpapzad statepmithhuous! y or
discretely rotated by a desired angl.e of rotation arqund 10 . each of axes
of grot atié’ﬁi?’d]l%ﬁﬁ@ft opgr tae | Sndirestion krting eaﬁdtoz-&eresnalt@h)ﬁgﬂt hogonal

of the r chMaRdIANGnSHT 68k bfausioof S actipptite Bl svaremaedihan be
of cach nPRHoTAS| BeBnin Se Aircedogalyr bngndY: beliiad staje dreriGl toh
com o 1 5 hsted Ml 0S8 RloB 2180 o SaRtASRSS OGBS, 5L o0eS
Lo el SRR MG, S50 245 el e R SRR B D 0,
"Ry be a $hapesp.
[0073] The specific configuration and action of the spatial light
modulation unit 74A will be described below with reference to Figs. 10
and 11. Since the spatial light modulation unit 74B basically has the
same configuration as the spatial light modulation unit 74A, redundant
15 description is omitted about the specific configuration and action of the
spatial light modulation unit 74B. The spatial light modulation unit
74A, as shown in Fig. 10, has a prism 23b made of an optical material,
e.g., fluorite, and a reflective spatial light modulator 23a attached in
proximity to a side face 23ba of the prism 23b parallel to the XY plane.
20 The optical material for making the prism 23b does not have to be
limited to fluorite, but may be silica or any other optical material
according to the wavelength of the light supplied from the light source
1.
[0074] The prism 23b has a form obtained by replacing one side face of
25 a rectangular parallelepiped (a side face opposed to the side face 23ba to

which the spatial light modulator 23a is attached in proximity) by side
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20 permtting arrangenent of the mrror elenents SE wwth a gap as small as
possi bl e (a shape permtting cl osest packing), fromthe viewoint of

ef fici encyoabowtsus4itzati on of |light. Furthernore, the spacirngiogbsseen two
adj acent mrror elenents SE may be m ni mum necessary, fromthe vi ewpoi nt of
the light utilization efficiency. 25[0085] In the spatial |ight nodul ator
23a, the postures of the respective mrror elenents SE are changed by the
action of the drive unit 23c operating according to control signals from
t he cont r facasn2B8bbwined A3pcedepressed dn &|'éshape SEndsissalsoi calkedraeBet er ni ned
orientation. The rays reflected at respective predeterm ned angles by the
mrror el prism besgusd afhthespeational| shype atong #herY2Z3planeavélha isidaigh t he
afocal lens 4 and 5 zoomlens 7 to forma_ light intensity distribution

(i 11 uni nafacss B3apbl and @3hendepreissed iibuthaV-shape imithei ppsim23bhape
(quadrupol ar,, pentapolar, ...)or another shape on the rear focal point of
the cyl i ndefingd by dwe plgnes B&J padsPH% intgrsadtiag pt am ebiusenanglgi | near

(i Sot ropi &4 G0 rowges Biuend SO Bathare somosens 1o o0se) plepectid val I
the m rr oPAE T shgpd Glong e fgga"i‘fq- | SEF odul ator 23 11 ln”te EeaQSLte i
Liah q . : : | . i . .
ai St bt Tl TrigRedl sitfaged oftipe’ Go ShE Bares 5 GHbain cotart ET o
h .i cal i Sy.AX, . . i l he .af 4,
e shown Pipis g8 1haeding HAE (BRianlgulh Biorbiee fn dhn S-dreGrdns Mok i onal
B o
i ndi cate bre- e a o _ Y,
VRO e o n P Sl Rle eflecRie Hndhed ﬁéﬁﬁﬁék%tﬁd%eﬁf?ﬁéﬁs?@ﬂ? ane
dul at i . ¢ : | . : . :
i st but Tspapisdfie! qirfie. K i186RE, oh Mol blagié P2, &1 dlvfé’ ERER Lot et on
h . . | . . _
1 g, abCRRut N reRBelin BiRicks R PORERII Ml AH8LG ol At cae alc
and 41d hagainpfe MPleHrgded EANbE I det&imiNed as follows: the angle between the
reflecting surfaces R1 and R2 is 120°; the angle between the entrance

15 surface IP of the prism 23b perpendicular to the optical axis AXa, and
the reflecting surface R1 is 60°; the angle between the exit surface OP
of the prism 23b perpendicular to the optical axis AXa, and the
reflecting surface R2 is 60°.

[0076] In the prism 23b, the side face 23ba to which the spatial light

20 modulator 23a is attached in proximity is parallel to the optical axis
AXa; and the reflecting surface R1 is located on the light source 1 side
(on the upstream side of the exposure apparatus; on the left in Fig. 10)
and the reflecting surface R2 is located on the afocal lens 4 side (on the
downstream side of the exposure apparatus; on the right in Fig. 10).

25 More specifically, the reflecting surface R1 is obliquely arranged with
respect to the optical axis AXa and the reflecting surface R2 is obliquely
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along the Z-direction as indicated by doubl e-headed arrows in the draw ng.
[0088] The light form ng the quadrupolar light intensity distribution 41 on
t he pupi Iwplames4sriof the afocal |ens 4 forns quadrupol CThIPZI08/069504
intensity distributional areas corresponding to the light intensity

di stributional areas 4la-41d, on the entrance surface of the cylindrical
mcro fly's eye lens 8, and on the rear focal plane of the cylindrical
mcro fly's eyquens 8 or on the illumnation pupil near it (the position
wher e t he dpanged With sespect do dhe aptical axisuANmandrie symmdtnypwithrthei ght 10
intensity distributiqgnal areas corresponding to the light intensity

di stri butif&é%mage%?@_ﬁ‘alﬁl\al ABSRECE d0 facplang passighie intensecting live pupi |

positions tigall.y conj te W the aperture stop 9, i.e., at the pupil
posi ti on oﬁftaﬁéa'?fﬂégin?gjaﬂ%ﬁ% ega%sﬁléﬁﬁiz Thaisige éam?&]p@mft@@spmsmn of the
jecti tical L. 15[0089] | th , .the tial

1 ght - modur 8 1% PHCE) B e OPHOR AR oA BHEACE G AR Ao FVIBHERON | ght

[ [ i i_but i 42a,. b d in the Z-di ti ith
cortor on PHEOh sTHBERRASECORTe shfudl heht modiiafomeds we serangeds as” " °
di stributi . 42¢c' with a center on the optical axis AX, as shown in
the left Vc?%\%hb%ﬁ%?eégwé on the pupil plane 20 4c of the afocal |ens 4.

I el A L R,

o o GRS TR, PO e Ul € W PR, o
on the opti calr1 ax]ie?%&, gg% gﬁgﬁ%lcgj%@ ﬁg)gcmia‘%(}r%t %%%i 15;?%%[?’@ }gq_uttBSnal _area
s ahown 1o R BB K B PRl R el

lens 4. TR ldghtefleéi e 1iBRt ih@ilbni RiSHA] t%ﬂhﬁ%@%&&* 1.8r¢gs 42d,

42e, 42c" has the polarization direction along t rection as indicated

by doubl e-rhﬁedﬁﬂ%%iﬁ'fh’é‘e RD éNthedbaynE3h PeflbORIRL ishtdinks fp| ol gﬁﬁgﬁgbet i

light intensity distributional areas 42a-42e of the penta are

forned on Sphﬁabl‘i%l]‘k mbdokitée 284 tbheuidtabs! refRRted light tﬁﬂﬁigh tHe &k right
e

viewin Fig. 5. circular light intensity distribution area 42c with a

cent er on suirfacepOPdal thexfren?énisurfivdawd thy FoesleAsi4.i o Plg tie thight
intensity distributional areas 42c'

optical paths are expanded so that the optical axis AXa extends linearly

on the rear side of the spatial light modulation unit 74A, for easier
understanding of description. Fig. 10 shows the example wherein the
prism 23b is integrally made of one optical block, but the prism 23b
may be constructed using a plurality of optical blocks.

20 [0078] The spatial light modulator 23a applies spatial modulation
according to a position of incidence of light, to the light incident via the
reflecting surface R1. The spatial light modulator 23a is provided with
a plurality of micro mirror elements (optical elements) SE arranged two-
dimensionally, as shown in Fig. 11. For easier description and

25 illustration, Figs. 10 and 11 show a configuration example in which the

spatial light modulator 23a has sixteen mirror elements SE of a 4x4
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10 and 42c". \Wen an optical path |length difference of not |ess than the

t enporal coherence length of the light source 1 is provided between the

hor i zont avbyopaisassized |i ght having travel ed via the spaciraP2dos/génos

nodul ation unit 74A to reach the pupil plane 4c of the -afocal |lens 4 and
the vertically polarized Iight having traveled via the spatial |ight 15
nodul ation unit 74B to reach the pupil plane of the afocal lens 4, the beam
with the polarization direction along the Z-direction and the beamw th the
pol ari zat iTBALTE,r but ithe apatin) dight xowidudetoroacipally tias oagmudhe larggion of t he
light intensijty distributional area _ 42c, as indicated by the doubl e- headed
arrows i n usRber alvmigror eiements than sixieenwlemients.i on exanple of Fig. 9, as

descri bed above, it is feasible to freely apd quickly change the
i |l uni nat i[@W%uBVlltillr@ tenRe do di1g: 1 Ppaimions %Bugﬁxﬁ oﬁga)@rmcngemial@ng i ght

intensity distribution in the |aterally polarjzed stafe forped on the pupil

pl anfa by~ th&ERSH08n RSFa htgpgﬁ a‘PPti(lj(Faléh?ﬁ% t &tg d@h@@pﬂt light | | gh';]

) AR 50 ! ( . vhESpal Far s |
Vet cal | yulatRaERs & rer Rl dSoreididtsn g Ipon demen EReu 8 of t he
T LA hia e S S S B i 0
:Oﬁ' ar1 2ot SmEREREY, AR R e u%‘.%ﬁ‘?%ﬁﬂ?ﬁgncg@iﬁqfﬁ? Guffbn, by
Chanol ho. 826l Sooh2BRCRTE G461 5 LABRHHOE T LEF
the moi t i RpEhls” 30 SI $tba /25,1 SIS Boiftor Unboy S et "7
=90 11 OBk fom i Sekd AEAAREL IR, anrwd Oyl CUERRA;can e

made in evenness of the intensity o I'nCi den 0 e spatrar |ight

o o SESSEE P rebp Lt S oo Ot 1o 1

no variation in an e beans | Medi at ive

optical elRRR{dns! o ﬁ’(@?a%ﬂ‘-ﬁ@ﬁe@?ééﬁ{rélﬁ. of the beamincident to the
e

diffractive optical elerent 71 vartes, t 15 nodification exanple has the

advant age [0d88y (e mﬁidlilig}iﬁ @oduligtidie afk 2364 d8orifirkd thagth #he | | ght

nodul ators in the spati al ght nodul ation units 74A,” 74B are unlikely to
vary. [008gindand tstete rindivhichethieorefRictinmg! fur@icdsi ¢F alP thevhgirforelbmd th a

rectangul ar cross section is incident to the diffiactive optical el enent
715 SE of the spatial light modulator 23a are set in parallel with the XY
plane, the rays incident along a direction parallel to the optical axis AXa
to the reflecting surface R1 travel via the spatial light modulator 23a and
thereafter are reflected to a direction parallel to the optical axis AXa by
the reflecting surface R2. Furthermore, the spatial light modulation
20 unit 23 is so configured that an air-equivalent length from the entrance
surface IP of the prism 23b via the mirror elements SEa-SEd to the exit
surface OP is equal to an air-equivalent length from the position
corresponding to the entrance surface IP to the position corresponding
to the exit surface OP without the prism 23b in the optical path. An

25 air-equivalent length herein is obtained by converting an optical path

length in an optical system into an optical path length in air having the
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20 the incident beammay be split in the shorter-side direction of the
rectangul ar cross section, in order to mniaturize the prism 23b and,

t her ef or evormewstui ze the spatial |ight nodul ati on uni PETARZ0SDD7¥AB. | n
ot her words, the incident beammay be split in a plane a nornmal to which is
a longitudinal direction of effective regions of the spatial |ight

25nmodul ators in the spatial |ight nodulation units 74A, 74B. In general,

where the incident |ight has a sectional_ shape in which a |length along a WO
20091054 x¢fRctiverndes 166 0y aud fan gir-ejuivelans dength b agnedumRAVIBE of the

incident beamto the diffractive optical elenent 71 is smaller tP}an a

| engt h al thegredrativeridexreds obtaiped Jon o magoammtmf@@ﬂaﬁ? ion, the
spatial light nodul ation units 74A and 74B can be conpactified by splitting
t he i nci déwereipdeyml&l.ong 5the first direction. [0094] In the nodification

hci dent 190BH | Hho sbribcedanshidias BRurality sbuninal eleBisiSEI ofifec o
| 1 ent satl el maduisgangyaswTared i3 gosiaid A of Reah M Rt oo ¢ o

odi 1| oot Rl @xgb0b tof cehgeritor Toaa A andaiguned Abor dspt e 06 1,

cxampl o ofol PO g e ARealc ooty | UGHGEES 76 bRRRLBIRER EHFE.0 01 tne
the of omcHRaiidl i BdhaidcpaiinEofh e, CERPRENIE o fHE, GFRde D (T,

Si nce t neCRBRRL PRt L (Gt & e AT RS B Rlddem, IO spill b /¢

o Do Delabofilediy 2B ned i Reht Fafited i (b ritor ol e [0095]

exanbl ¢ 0Pt oof 19 S A e B angBo 1 -t he

or der na@%a%%y%gh%w ASMTHRIGH dBris’ prodeierrhBied lizht hiexteligity ng) -

first pri th a plane on the |ight source 25side and with a

R et

Namely, the front lens unit 4a of the afocal lens 4 converts angles given

15 to the exiting light by the mirror elements SEa-SEd of the spatial light
modulator 23a, into positions on the plane 4c being a far field region
(Fraunhofer diffraction region) of the spatial light modulator 23a.
[0082] With reference to Fig. 1, the entrance surface of the cylindrical
micro fly's eye lens 8 is positioned at or near a position optically

20 conjugate with the pupil plane 4c (not shown in Fig. 1) of the afocal
lens 4. Therefore, the light intensity distribution (luminance
distribution) of the secondary light source formed by the cylindrical
micro fly's eye lens 8 is a distribution according to the light intensity
distributional areas SP1-SP4 formed on the pupil plane 4c by the spatial

25 light modulator 23a and the front lens unit 4a of the afocal lens 4. The

spatial light modulator 23a is a movable multi-mirror including the
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WO 2009/ 054541PCT/ JP2008/ 069704 pl ane on the mask side and with a
refracting surface of a convex and V-shape on the light source side. The
concave rwbnaoiismgisurface of the first prism nenber 76acrgrmospesed of two
pl anes and an intersecting line (ridge line) between them extends along the
X-direction. The 5 convex refracting surface of the second prism nenber
76b is forned so as to be conplenentary to the concave refracting surface
of the first prismnenber 76a. SpeC|f|caIIy, t he conﬁ%’é( refk_gﬁtl ng surface

of the semimdrmiementsSkebeingpailsrad sumherpels BucH relleetils SEEINgRE an
intersecting line (ridge |line) between_ them extends al o t he.

directi or‘arrangedhereghdalf}’candoﬁV@ﬂn‘tﬁnaﬂl@mabfgaollg Offe SV ta 76 as a
light splitter is conposed of the pair of prism nbe 76a and 76b, but it

i s al so pefleding smfam@faman%rﬁv‘élapﬁgm, pIGOWTR 11 Fga ‘| east one prism
Furthernore, it _is possible to c enpl ate var| us f.or.ms for@jf cific

H 3“3“252%%2%???."@ e o oo 1 Aschat e el e
st ot 2 ol o I i
b, e el o SRSty B ST v oo
e el T T A e ot
gllcegr,gt g%an oy m)dlBi |'“‘§1r1r1i kzﬂ?tt 9@@%) I E{C&OW Qf[ |f| cation anrrpl e
4PGREOt AlsERYSREr AR £ Lkl Smelc o eﬁﬁd"“ﬁ* R Cal b

73A rot at 81 A R in the optical path

738 Torat S0V GF GRS ehe PR A A o B oot cal pat

ter axis I's pr ded in the optical path

of Lhe Seqpldiidgy 48 o cth %‘EHér BAY pasallel toabbireileednp Guihice, 1t s

al so poss adopt®a con |gurat|on erein a half wave plate is

provi ded N’arﬂél}é Pﬁnﬁﬁ&ﬁé dFltRe %ﬂ'é@ﬁng s fAIRISE tHtép@otivesmixror

stati onary I'n east one optl cal pa or a confi gurati on wherein a

polarizer ?ém%lt&@%'c?aﬁ'bé ebkSlle@tiRLdihansibhspal f wave plate is provi ded
so as to bero l'e around a predetermned axis or stationary, in at

| east one g4 Cah Peide where the reflecting surface of each mirror element SE

15 is discretely rotated, a preferred switch control is such that the angle of
rotation is switched in multiple stages (e.g., ..., —2.5°, —2.0°,..., 0°,
+0.5°,..., +2.5°,..). Fig. 11 shows the mirror elements SE with the
contour of the square shape, but the contour of the mirror elements SE is
not limited to the square. However, the contour may be a shape

20 permitting arrangement of the mirror elements SE with a gap as small as
possible (a shape permitting closest packing), from the viewpoint of
efficiency of utilization of light. Furthermore, the spacing between
two adjacent mirror elements SE may be minimum necessary, from the
viewpoint of the light utilization efficiency.

25 [0085] In the spatial light modulator 23a, the postures of the respective

mirror elements SE are changed by the action of the drive unit 23c
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[0098] The half wave plate (polarizer or optical rotator in general) may
10 be arranged as detachable fromthe optical path so that it can be

ref ract eawbnroewasis1opti cal path when not needed, whi ch eamJpzogbésaos t he
life of the half wave plate. Simlarly, the half wave plate (polarizer or
optical rotator in general) can be arranged as replaceable with a gl ass
substrate having the sane path |ength, which can also I engthen the |ife
150f the half wave plate. [0099 en guarter wave pl ate rotatable around
a predet eﬂﬁeﬁ@&l&ﬁ@oi’@lnﬁr%hﬁ@é%owﬁl Stirem {he qoa I%ngeﬁ?}él’e, :
elliptically polarized |ight .can be controlled into desired. linearly

pol ari zed qachHALITRr ‘i’%ﬁ'éﬁé? SFH%%I%P&%@H@%? atiolh ol 85 TB¥S used i n

addition to.or 20 instead of the hal f,wav | at wher e t he ld,ght can be
obt ai ned iTRflgctedsat KFPGAUKE AP ggr@%changfesf)@ygﬁégnggggp ene[ficﬁﬁ exanpl e,

path 2o adh @eﬁ?@fﬁﬁéﬁé%ﬂtﬁéﬁ%g?ﬁtréﬁéf Uil e AR dad Praf® ne”
2Sdbecr | baPbIgns ey LBy & Hed phgsi iR bt agRRTon the

| ength di rIRBHBHBES of CRTOAERF: it Bl Soptlr dabigias =1 P2t
by "about Arigita "Fadt oA ARn 1 RAEIBCabARM: R kAR e T educed
i Cspaiyt Ryt ST LIRS P Sty hance <
varied, i tﬁnlh?nﬁgggﬁtﬁl’gﬁ% g%?%la{elfc;e an?qu%@&?ﬁgﬁgnggﬁ? e(l?dlsﬁgjr)ﬁ ngy?on pupi |

| upgy nance @ﬁ{é‘é&%ﬁgftﬁgﬂébﬁ{jeﬁg’pf the first light intensity distribution
in the first 10 polarization state forned on the illum nation pupil by the

action of [hbges)f iSpdcifieallyallatarally pBIHHAIONightd reflectedc apdrdspgbtivent ensi ty
distribution i'n the second pol ar1zation state forned on the illum nation
pupi | by thedetirhfifiedf arigles Seg ahd mipabi alletdepind SO diet)rsgatial dighgr wor ds,
by changi ng each of the shapes and sizes of the first light intensity
modulator 23a in the spatial light modulation unit 74A forms, for

example, two circular light intensity distributional areas 41a and 41b

15 spaced in the Z-direction with a center on the optical axis AX, on the
pupil plane 4c¢ of the afocal lens 4, as shown in Fig. 4. The light
forming the light intensity distributional areas 4la and 41b has the
polarization direction along the X-direction as indicated by double-
headed arrows in the drawing.

20 [0087] Similarly, vertically polarized light reflected at respective
predetermined angles by the mirror elements of the spatial light
modulator in the spatial light modulation unit 74B forms, for example,
two circular light intensity distributional areas 41c and 41d spaced in
the X-direction with a center on the optical axis AX, on the pupil plane

25 4¢ of the afocal lens 4, as shown in Fig. 4. The light forming the light

intensity distributional areas 41c and 41d has the polarization direction
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15 distribution and the second light intensity distribution in nutually
different polarization states, it is feasible to realize the illum nation
condi ti onsoahoyyrsestt variety in terns of the shape, sizepcandqebe@ri«ati on
state of the illumnation pupil |um nance distribution. [0101] In this
manner, the illum nation optical apparatus according to 20 the enbodi nent
and the nodification exanples is able to realize the illum nation

conditions of great variety in terns of the shape, the size, and_the
pol ari zat i ¥eng; the Zdixession egnindicaisd bupdpugﬁenﬁﬁaa@i FrQYVsi Butthgn.
Furt hernore, the exposure apparatus according to the enbodi nent and
nmodi fi cat i @f@V8R8npl es is able to perform good 25exposure under an

gﬁgé ggi L Bokdl @%Tffili%omn%condi the %ﬁﬁq@?ﬁ%&f ﬁéﬁ%ﬁﬁf/ffﬁaﬁﬂt&?f 41
1054541PCT1JP 697Q4 i zi .
e el e, ..
oo icar Bﬁé%%iﬁ/npﬁi]s?iw%oaﬁpaarmsCf’rgﬁsg?%@n&eq OTRRL IR S88Msivous: o
1 cat BB e PHE N, RpLdie O h
?rrhm nat| @%ﬁ‘@@?ﬂflﬁﬁeﬁ%\%@?—%%ﬁﬁﬁ% Qe Sirtpe Wit yfigaLIS  Ne
1 umi nat fongluh t POt el
L R MBS, 0 3 T e b ot
L i o SN BRSS! G,
D oen fiieft SHOREGIA s@iW1edrafiecd])| FARABARGIS ABnyABRY 1581 o7
g ?Tgé/ 00382&%@@& e&RATHIAENAIN %l%g- gb%$eﬁainamg he aher 4iptit iintedity

odi nent mask can be repl ace 5 a“variable pattern fofmng

devi ce whi giitfiBitiena fcasetiory] dede RAdd Eormed at gh&afhgmdlatisre papdr m ned
el ectronic data. The use of this variable pattern form ng device mnim zes

the eff eth_@ﬂti%ﬁ@QiﬁtMll&aébﬂimg&% wrigle the upertbe stop ®, [as.| at thepupiice is
vertical. The variable pattern form ng device applicable herein can be, for
exanpl e, ap8&iBon of the imaging optical system 12 and at the pupil position of the

projection optical system PL.

15 [0089] In another example, the spatial light modulation unit 74A acts,
for example, to form two circular light intensity distributional areas 42a
and 42b spaced in the Z-direction with a center on the optical axis AX,
and a circular light intensity distributional area 42¢' with a center on the
optical axis AX, as shown in the left view in Fig. 5, on the pupil plane

20 4c of the afocal lens 4. The light forming the light intensity
distributional areas 42a, 42b, 42¢' has the polarization direction along
the X-direction as indicated by double-headed arrows in the drawing.
On the other hand, the spatial light modulation unit 74B acts, for
example, to form two circular light intensity distributional areas 42d and

25 42e spaced in the X-direction with a center on the optical axis AX, and a

circular light intensity distributional area 42c" with a center on the
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20 (Digital Mcromrror Device) including a plurality of reflecting

el ements driven based on predeterm ned el ectronic data. The exposure

appar at uswooevgpsbBvD i s di scl osed, for exanple, in Japanese/JPAW&Nt9704
Application Laid-open No. 2004-304135 and International Publication
W)2006/ 080285 and U. S Pat. Published Application No. 252007/ 0296936
correspondi ng thereto. Besides the reflective spatial |ight nodul ators of
the non-emission type like DIVED, it is also possible_ to ﬁlse tralnsm' ssive
spatial | opticalnaxisl ADGr s shovm iis dhee¢anteriviewoint Fypedi PagthedPypliay

devices. The variable pattern formng device nmay al S0 he used in cases
wher e t heplaanet dcnof tid adecalslansr 14zoﬁ|am .llg}@lmlmge‘i@xgéb&r@ted’éﬂﬁr at us
according to the foregoing enbodinment 5 js r$nuf actured ?/ assenbl i ng
various sdistdbutional areas A3, 2a. 3¢ h@%ﬁ%‘%tﬂ @%@?ﬁ%ﬁ’é‘?ﬁ‘g ORsa forth in
the scope of clains in the present aggzlsbgg i on, so .as,to,mai.ntain

pr edet er ntheed-disection asndisaieddyy dog atroR( ncthe draying: i cal

S Cary; o0l t Asen srahsarncase.cine Hahf atchS Ry Bisnif it AiboaRe et et
Soht evi ng4Aeo i SRPEOIaR Sidee e Jorii oliottse Bhall Blidode AL HR TN Tor
Systens. " #iRealJeandh poTob S RS reEvisHY HAEY g PG ElRarctiBh '
clbotric ohteasey distLiEEh atch TR B EicshRANE UL BReM BRSTRNES L 000 The
Stepe.of *IREREI Rl Saptipos OIS BR0uLE: FEBRGRD KSR dtehs A9ETO 110

130, 0uS, SURAYSLETEWIEOoh NG RAP IR e AARAYEnc bl ot ApEP ek o Of e

enblin rom the various -systens into the exposure

appay at us . GHRIA Soibha] giglgiﬁtﬁg iR Ribe U10is9Rided Behoden e ur aci es

r
as the enfiré& exposure ap he” manuf act ure of exposure apparatus is

as the e ey e ! e appar stus i
o, are B b T e P P b device o

etc. are con wing wll describe a device

g?gf“‘ act ygﬁg&u%bggggygg%%%%%/ | phaiy 4t of thé afbealdbayd amdodi ment .
the vertically polarized light having traveled via the spatial light

15 modulation unit 74B to reach the pupil plane of the afocal lens 4, the
beam with the polarization direction along the Z-direction and the beam
with the polarization direction along the X-direction pass through the
region of the light intensity distributional area 42c, as indicated by the
double-headed arrows in the drawing.

20 [0091] In the modification example of Fig. 9, as described above, it is
feasible to freely and quickly change the illumination pupil luminance
distribution consisting of the first light intensity distribution in the
laterally polarized state formed on the pupil plane by the action of the
spatial light modulator in the spatial light modulation unit 74A and the

25 second light intensity distribution in the vertically polarized state

formed on the pupil plane by the action of the spatial light modulator in
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fl omchart showi ng manufacturing steps of sem conductor devices. As shown in
Fig. 13, the manufacturing steps of sem conductor devices include

deposi t i /yoaoepetsad41fil mon a wafer Wto become a subst r @Ce/JPzi08/069704

sem conductor devices (step S40); and applying a photoresist as a 5

phot osensitive substrate onto the deposited netal film (step S42). The
subsequent steps include transferring a pattern formed on a mask (reticle)
M into each shot area on the wafer W using the projection exposure

appar at us thé¢ spaidalbbghemodudalion wnit 24Bp $adthex pasds gthetmp)lifieatibmper f or mi ng
devel opnent of the wafer Wafter conpletion of the 10 transfer, i.e.,

devel opreexaniple ef Biptdrigsisa ablet to walide theilhamiratiorheenddions ofinsf er r ed
(step S46: devel opnent step). A step subsequent thereto is to process the
surface ofgreafevarer invieymstafhthegshape, iize,i ked polarigatiore statsi ef theit t ern
made on thriz syrface of the wafer Win step S46, as a_mask stefp S48:
processi ngl ypapgtion spupidejunminances digtributios; rbyhethainging eagihmfotlsi st 1 ayer

in ich projectigns and depressions .are formned . jn.the shape correspondi ng
to émhe pafhapes andnyizes @&gﬁﬁﬁsﬁ&g&ﬁd}l&ﬁl@’ngp@mbﬂﬂpﬁ theaseeondl t he
above enbodinment, and which.the depressi penetrate throughout, In the
step S48, Thghd R {nsHy st yon 0 BriYANY cﬁ%@e&%@lwaaegwt@tﬁssas ki st 20

e | eact LG BIBGRERMDIRE he surt ace of the wafer Wor deposi tion of a
il
plate P obie] Wbl 27 POR % HE spifted o REY BRI Bl AL Or %
0 - cr VPPt SR R R P B SR B TR 88 Rt o1 e o
Form ng. st EhY SpatiaCRERF Taddintts i FHLSBRAL Lihe AiddiAfod tni@ PRAL LT,
assenbl y Jugp (S Hrat isd VARG 1 aRSRAPLY 1R BBankShififhe ag&%[oml

The pattern formng step of step rma pr m ne ttern

]
such as a aﬁﬂeg Ctg%t ditfabave (%’ti’cai‘rbl?}éfegﬁ gﬁd%vﬁﬁtévﬁﬁﬁ 188 SodtiBRSofWhstrate

coated wt otoresist, 'as a p usi ng the projection exposure

appar at us phnt hih@aeNe ©HRdl Bifractii Sogﬁ&éleréleﬁ%@i My Khricy eppé ncl udes

an exposure step of transferring a pattern onto a photoresist | ayer by

meiess of  hedificaltRm é}@iinpléoﬁéélﬂfb adpaitabeshaf tHBoglions cThetdmmng: a
devel opment step of developing the plate P after the transfer of the

pattern, inéidentleyeahepipgial HsHhelodudaoss ih akespafial NsHil medutathsd rate, to

make the photoresist |ayer in the shape correspondi ng
units 74A, 74B are unlikely to vary.

[0093] In the modification example of Fig. 9, where a beam with a
rectangular cross section is incident to the diffractive optical element 71,
20 the incident beam may be split in the shorter-side direction of the
rectangular cross section, in order to miniaturize the prism 23b and,
therefore, miniaturize the spatial light modulation units 74A and 74B.
In other words, the incident beam may be split in a plane a normal to
which is a longitudinal direction of effective regions of the spatial light
25 modulators in the spatial light modulation units 74A, 74B. In general,

where the incident light has a sectional shape in which a length along a
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15t o0 the

pattern; and a processing step of processing the surface

of the

gl ass substrate through the devel oped photoresist |ayer. [0109] The col or

filter fowoing/stap of step S52 is to forma color filteCcTiIR2ms/069704

configuration wherein a |arge nunber of sets of three dots corresponding to
G (Geen), and B (Blue) are arrayed in a 20matrix pattern, or in a

configuration wherein a plurality of sets of three stripe filters of R

and B are arrayed in a horizontal scan direction. [0110] The cell

R (Red),

step of sfign dekettion rotleserssisectiohiafithe incidendibepanto the difiiagtivey st al

assenbl y

cell) using the glass substrate with the predeterm ned pattern thereon in
apticalhelenndmir 71 ist emaller rthan | o loBgtheplaae 2 sprand idictipn t he

stal panel is forned, for exanple, b urin i qui d crystal
Y b Ay ai/ 1{'@;’[ %u?atl 1 t y

step S50
liquid cr
i nto bet

2009/ 054541PCT/ JP20081069704 filter.

Is to att
for displ

to the ap
sem condu
exposure
devi ces f
exposure

10

15

20

25

erpendeculinde thebfirstativeatian; Hee Gppt modulation’ units

F4A and 748s canrhsoeempactilicd b spliiing the &ng SRR

The podul e asse}g‘g{l{?step ]l%fé’gilt eph856
i ghts

ay operation of this liquid crystal panel, to the Iiquid crystal
pabel ass8bfiesd direcdiosh S54. 5[ 0111] The present invention is not linited

| i cati to th f .
4] dly Rh;e?mogﬁﬁ%i&? B O dity S BUTRHVecoRigte 1o the
t . i §pl ' . h | i qui.d- t l.sp!
aleiani n oabsigu asol 466 snaieet el 87 HArbefbsEe’ o (ne

However, without having to be limited to this, it is also possible to adopt
a configuration of splitting the incident beam into two beams by use ofa
prism unit 76 having a pair of prism members 76a and 76b, for example,
as shown in Fig. 12. The modification example of Fig. 12 has the
configuration similar to the modification example of Fig. 9, but is
different from the modification example of Fig. 9 only in that the prism
unit 76 is arranged instead of the diffractive optical element 71 and the
condenser lens 72. In Fig. 12, the elements with the same functionality
as the constituent elements shown in Fig. 9 are denoted by the same
reference symbols as those in Fig. 9. Since the modification example
shown in Fig. 12 uses the prism unit 76 having the pair of prism
members 76a and 76b, to split the incident beam into two beams, it
becomes feasible to miniaturize the apparatus.

[0095] The prism unit 76 functioning as a light splitter in the
modification example of Fig. 12 is composed of the following members
arranged in the order named from the light source side (from the left in
the drawing): first prism member 76a with a plane on the light source
side and with a refracting surface of a concave and V-shape on the mask

side (on the right in the drawing); and second prism member 76b with a

- 45 -



10 apparatus for manufacture of various devices such as inmaging devices
(CCDs or the like), mcromachines, thin-filmmagnetic heads, and DNA chi ps.
Fur t her nowe2ots4qmesent invention can al so be applied POTUREIEH@OBUr e st ep
(exposure apparatus) in manufacture of masks (photomasks, reticles, etc.)
with mask patterns of various devices by 15photolithography. [0112] The
iggregfntlonﬁd enbodi nent used the ArF exciner |aser |ight (the wavel ength:
n or the KrF excimer laser light (the wavelength: 248 nm as the
e>r<]posur eh[pll:gtﬂ pnithe mask sidecand with grelrastng soriaca 4 §0B¥EX iaﬁ*ﬁtgﬂ to
these: the present invention can, al sg be applied_20to any_.othef appropriate
e RIEARSPT 66

5 o e oavel oty of 12 nie (01150 L't Tot boetne oepadtrehe. 1t
s o ik etk ARG e
tbaitor sl Gl et L ARE AP T
S SannbierClvptiaing i f8 by st oIS o o
onca it bbb ey b B For yut B B Bl T e
L 25 SN 9 PR
ﬁ);ipg_sgg,eni-sﬁcgnai_éﬁi@ ngljﬁbglts |- sc}Fosle% | nf gpazese%t g’}%w%gp |acat I on
predet er m]ﬁ%&s%etégglﬁe aﬁ{st?%éggﬁg d%lreﬁgﬂﬁ% %ﬁl%esr%(}sg;ﬁ elg?ge?g? gj(ég
dijgr! 0sed difeclfRfnefeiHeA i ficRibh S&ahifle l6F Fip. 12, the prism unit 76 as

a light splitter is composed of the pair of prism members 76a and 76b,

but it is also possible to construct the light splitter of at least one prism.
Furthermore, it is possible to contemplate various forms for specific
configurations of the light splitter.

15 [0096] In the modification example of Fig. 9 and the modification
example of Fig. 12, each of the half wave plates 73A and 73B is
provided in the optical path between the condenser lens 72 and the
spatial light modulation units 74A and 74B. However, without having
to be limited to this, the half wave plates 73A and 73B can also be

20 located at another appropriate position in the optical path of the first
beam and at another appropriate position in the optical path of the
second beam out of the two beams split by the diffractive optical
element 71 or by the prism unit 76.

[0097] In the modification example of Fig. 9 and the modification

25 example of Fig. 12, the half wave plate 73A rotatable around the

predetermined axis is provided in the optical path of the first beam and
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10open No. 10-303114, and so on. The af orenenti oned enbodi ment was
the application of the present invention to the illum nation optical

appar at uswoaoeddsus¥iinat e the mask in the exposure appar aPosJPpos/peom4 hout
having to be imted to this, the present invention can also be applied to
any comonl y-used 15illum nation optical apparatus to illum nate an
i1lumnation target surface other than the mask. [0114] It should be noted
t hat the enbodi nent expl ai ned above was described for easier upderstanding
of the préserhalf wave i plateo(B3Bhaotdtable @zound tthegpredetemaines: axis dht i on.
Therefore, each of the elenments 20 disclosed in the _enbodi nent is intended
to enbr acpravidededn ghe optingé pathdof the sgrend sbesanon %‘{jeY@rstWéthPBEhni cal
scope of the present_.inventiaon. Each of the_constifuent el gments and ot hers

in the abbawingitedenkimitachtp Husappisi dgoinpsaledadsiapiia sANHEWHOR j ke. WO

20091054541PCT1JP20081069704 CLAI MS 1, optical unit npri sing:
light spl wherein @ Balfi waxs plats demrol 80 A9 h§ Makﬂiﬁ? fEPYBHt 21 i ght
ath, into a_plurali f b ) I [ ' [
Ee Sar r angmed%em?neé ya)gls Oreaétnaﬁlonaaf‘yr |11[15 tat ﬁggsttl %lnel (I) 1éa1n%%ﬂ'll,at09ra\/\hl ch can

configuration wherein a polarizer or an optical rotator other than the
half wave plate is provided so as to be rotatable around a predetermined
axis or stationary, in at least one optical path.
[0098] - The half wave plate (polarizer or optical rotator in general) may
10 be arranged as detachable from the optical path so that it can be
retracted from the optical path when not needed, which can lengthen the
life of the half wave plate. Similarly, the half wave plate (polarizer or
optical rotator in general) can be arranged as replaceable with a glass
substrate having the same path length, which can also lengthen the life
15 of the half wave plate.
[0099] When a quarter wave plate rotatable around a predetermined
axis is arranged in addition to the half wave plate, elliptically polarized
light can be controlled into desired linearly polarized light. A
depolarizer (depolarizing element) can also be used in addition to or
20 instead of the half wave plate, whereby the light can be obtained in a
desired unpolarized state. It is also possible, for example, to insert a
plane-parallel plate of a required thickness in one optical path so as to
provide the path length difference of not less than the temporal
coherence length between the first beam and the second beam as
25 described above, whereby a beam passing through the same region on

the illumination pupil can be depolarized. Furthermore, when the
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optical path of a first beamout of the plurality of beans; a second
spatial |ight nodul ator which can be arranged in an optical path of a
second b2 056¥41t he plurality of beans; and PCT/IP2048/P¢9g$rk

conmbi ner to conbi ne a beam havi ng passed via the first 10spatial |ight

nmodul ator, with a beam having passed via the second spatial |ight

nodul ator, and to direct a resultant beamto an exiting light path; wherein

i'i‘? g}?a?%qﬁﬁi»f%?lf‘fyk > Irpl OBk R0 1 *h%%dﬁ‘re;_f%ppr;@ cphseges’
LR ot Yo inethas FERRL S PIL ARG Yot (R BRR e rbiRgy ! !
splitter Slcgﬁi%%ﬁqwoéﬁ%l ( path on the |ight conbiner side extend

in the sane optical unit according to claim11, wherein

S0 A Sfftooinsineat Y NERndERA ! Ghall Hlpdfne2 dRLUEhLL Yo Olher ! o

el ements a nmensi ona ve unit to 1 ndividually

conty ol and éd’iﬁnéiﬁséﬂdiexéoﬂiﬁé&f‘oxflae#mmgﬂéé’ s F‘@h’érﬁ ti€AIE (R ﬁpatial

3. The optical unit according to c , Wherein t drive unrt
25conti nuo ' | jtt hfs i nts.
?‘%ﬂlt ABENRRTOCThRY WAt EHb'SBer dﬂ*%caﬁ%il} glﬁ%g ﬂf"tﬂgﬂ%‘}fs Y whliehre

4. The opt unit according to any one

the postures of the mirror elements are individually varied, it is feasible
to freely and quickly change the jllumination pupil luminance
distribution consisting of the first light intensity distribution in the first

10 polarization state formed on the illumination pupil by the action of the
first spatial light modulator and the second light intensity distribution in
the second polarization state formed on the illumination pupil by the
action of the second spatial light modulator. In other words, by
changing each of the shapes and sizes of the first light intensity

15 distribution and the second light intensity distribution in mutually
different polarization states, it is feasible to realize the illumination
conditions of great variety in terms of the shape, size, and polarization
state of the illumination pupil luminance distribution.
[0101] In this manner, the illumination optical apparatus according to

20 the embodiment and the modification examples is able to realize the
illumination conditions of great variety in terms of the shape, the size,
and the polarization state of the illumination pupil luminance
distribution. Furthermore, the exposure apparatus according to the
embodiment and modification examples is able to perform good

25 exposure under an appropriate illumination condition realized according

to a pattern characteristic of a mask M, using the illumination optical
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WO 20091054541PCT1JP20081069704 wherein the light splitter includes a

pol ari zation separating film 5. The optical unit according to any
one of clworosbst14, wherein the |ight conbiner includesTarposessreati on
separating film 6. The optical unit according to any one of
claims 1 to 5, 5further conprising: a first folding surface to fold
t he second beam havi ng passed via the light splitter, toward the second
spatial |ight nodul ator; and a_second folding surface to fold the second
beam havi appprasgedeapable hef swelbintngs ghei Hiumingitoneanditions bvEicat t he | i ght
conbiner 10 A 7. The optical unit according to any one of claims 1 to 6,
wher ei n avarigty, and, thereifigres te mamifgetura £ Vigp$itter and a |ight

conmbi ning surface of the |ight ¢onpine te provided gt different
posi ti ons[0¥2] The Hi iabovarApscrd r@ﬂh@aﬂé‘eﬁh eeﬁ‘)(fah cmé’ﬂhﬁcaﬂl% 7, 15

wh in the first ial |igh I ' i.

ggt‘;;ﬁ%:a @ﬁtaﬁﬁqﬁ;é{ ﬁ%?ém't al a@%sfmt f:aié’p ai?evhcanﬁ#% b%diésl»;?féﬁté%saﬂ@?m?m San axi o
ectin e inciden I. at h .an e exitin i,ght_path

wherein ¢ ReIRA AISHEDUON; FIRASHERG ASCE IS Pios it asyfe

sloacgI giff. rent f.rorrl1I§thel f.i r!s.t&ﬂé ac 9r1t of ? e . Iurr_ nd§§ f %:E%g?ngo 9.

Thg f)p% i cd UEHWEIU%CBPHF ng}u{r}}n@?%? n&@, ul%\‘;htéﬁ)%i Hu{lﬁg fflgné]%l 10021 a"Y i ght

nodul at or . .1 ial

ooposi 1o pnumindfiet SHERD IR R 4lsHihutiR 1y i¥arkBr tie 3phAAP fight!

modulation unit and each spatial light modulator in the spatial light

modulation unit is controlled according to the result of the
10 measurement. Such technology is disclosed, for example, in Japanese
Patent Application Laid-open No. 2006-54328, and Japanese Patent
Application Laid-open No. 2003-22967 and U.S. Pat. Published
Application No. 2003/0038225 corresponding thereto. |
[0103] In the aforementioned embodiment, the mask can be replaced by
15 a variable pattern forming device which forms a predetermined pattern
on the basis of predetermined electronic data. The use of this variable
pattern forming device minimizes the effect on synchronization
accuracy even when the pattern surface is vertical. The variable
pattern forming device applicable herein can be, for example, a DMD
20 (Digital Micromirror Device) including a plurality of reflecting
elements driven based on predetermined electronic data. The exposure
apparatus using DMD is disclosed, for example, in Japanese Patent
Application Laid-open No. 2004-304135 and International Publication
WO02006/080285 and U.S Pat. Published Application No.
25 2007/0296936 corresponding thereto. Besides the reflective spatial
light modulators of the non-emission type like DMD, it is also possible
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10. The optical unit according to any one of clains 1 to 9, wherein
a traveling direction of the incident beamincident to the |ight 25splitter
i s paral Iwb20@/m@43mavel ing direction in a standard st at ecofipedogo@3o4 i ng
beamexiting fromthe Iight conbiner. W) 2009/ 054541PCT/ JP20081069704

11. The optical unit according to claim 10, said optical unit being used in
an illumnation optical apparatus to illumnate an illum nation target
surface on the basis of light froma |light source, wherein the traveling

di r ect i ontd mstHeansnassivecspatial dight mbdubders ontp heaselfsemdssion dgpe Wit h or
parallel to an optical axis of the illum nation optical apparatus.

12. The opwiagel digplay dedcesli nd heovamagblergattdrncfoxiningidevics manelsd n t he
l'ight splitter and the Light conbiner include a common pol arization beam
splitter. beored imuasepwhese the pattere sufheg it borirgniahe of claims 1 to 3,
wherein the light splitter includes a diffractive optjcal elenent.

14. The ofRi04AI Tihe expastise appgratys asgortingdp edoregaingoembodiimest n t he
l'ight splitter ipcl udﬁs at | east one prism . .15, The optical
ungt accoitimaneRctyrgdaby sassembling jyamius subostemss neontapyngr thadf or an

optical rotator. which can be arr d.in at ..
P respective components as setai%% m Hle scope of claims in the present

application, so as to maintain predetermined mechanical accuracy,
electrical accuracy, and optical accuracy. For ensuring these various
accuracies, the following adjustments are carried out before and after
10 the assembling: adjustment for achieving the optical accuracy for
various optical systems; adjustment for achieving the mechanical
accuracy for various mechanical systems; adjustment for achieving the
electrical accuracy for various electrical systems. The assembling
steps from the various sub-systems into the exposure apparatus include
15 mechanical connections, wire connections of electric circuits, pipe
connections of pneumatic circuits, etc. between the various sub-systems.
It is needless to mention that there are assembling steps of the individual
sub-systems, before the assembling steps from the various sub-systems
into the exposure apparatus. After completion of the assembling steps
20 from the various sub-systems into the exposure apparatus, overall
adjustment is carried out to ensure various accuracies as the entire
exposure apparatus. The manufacture of exposure apparatus is
desirably performed in a clean room in which the temperature,
cleanliness, etc. are controlled.
25 [0105] The following will describe a device manufacturing method

using the exposure apparatus of the above embodiment. Fig. 13 is a
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| east one of the optical path of the first beam and the optical path of the
second beam between the light splitter and the |ight conbiner. 16.
The opt i caib 20eas4mecor di ng to any one of ‘clains’' 13 to 1BcTuREngbe7ehe |ight
combi ner includes an optical systemto superinpose 20 the beam having
passed via the first spatial |ight nodulator, and the beam having passed
via the second spatial light modulator, on a predeterm ned surface.

17. The optical unit according to any one of claings 1 to 16, wherein an
angl e of flgwthenshosinghmahnficteringteteps 06 sehacongnetos slevieas: AS25¢ he
Brewster's angl e. 18. The optical unit according to gny. one of

clai ms 1showhy,in H@.ZMQMW@H@WI@BQf@@WP&PﬁK& aﬁl>’/’r?e§engt h
difference is provided between |ight of the first beamtraveling via the
first spahchidd depositingud aretal Gl on ghvalr Whio 5@%@?& ?bélé%tﬁ‘ ing via
the second spatial |ight nodul ator. 19.. An optical unit conprising:
5a |ight septicondnctar devicesa(stepcpd@lit aBdaAPPIIBE 22 JPRPRIPHSt 3 Beans in

f”nﬁ%ﬂi% ?5%2%?3%&%?;&?% nﬁs""é%s@sgﬁqdcmet%aﬁ%?ﬁ%teifps%?i't Bb8m out o
subsequent steps include transferring a pattern formed on a mask
(reticle) M, into each shot area on the wafer W, using the projection
exposure apparatus of the above embodiment (step S44: exposure step);
and performing development of the wafer W after completion of the

10 transfer, i.e., development of the photoresist onto which the pattern has
been transferred (step S46: development step). A step subsequent
thereto is to process the surface of the wafer W by etching or the like,
using the resist pattern made on the surface of the wafer W in step S46,
as a mask (step S48: processing step).

15 [0106] The resist pattern herein is a photoresist layer in which
projections and depressions are formed in the shape corresponding to
the pattern transferred by the projection exposure apparatus of the above
embodiment, and which the depressions penetrate throughout. In the
step S48, the surface of the wafer W is processed through this resist

20 - pattern. The processing carried out in the step S48 includes, for
example, at least either etching of the surface of the wafer W or
deposition of a metal film or the like. In the step S44, the projection
exposure apparatus of the above embodiment performs the transfer of
the pattern using the wafer W coated with the photoresist, as a

25 photosensitive substrate or plate P.
[0107] Fig. 14 is a flowchart showing manufacturing steps of a liquid
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a second spati al

of a second beamout of the plurality of beans; and a light

t o conbi woaoasmssavi ng passed via the first spati al

| i ght nodul ator which can be arranged in an 10optical path

conbi ner

| ipgimtyProO8l0é9a040r , Wit h

a beam having passed via the second spatial |ight nodulator; wherein at
| east one spatial |ight nodul ator out of the first 15 spatial |ight
nodul at or and the second spatial |ight nodul ator includes a plural

opti cal
20. The

t2 rl1e i ght capying eut s pattesn fomningcstap (stepeSa)ansiRdor
. An optical unit conprising: 25a |light litt '
beam i nt o(siepiSS23) htoplloasseminy. step (5teR S APa@n er%i“clesm L

ity of

el enent s qrranged t wo- di nensi onal | y and control|ed indiyidually.

20. opryistldewicé sack as ai liguidecrystal display deivigers Asishorg InHigei n t he

i nci dent beam has such a sectional shape that a length along 20a first

di rect i onl4mancfastsrinecsteps ofthe higquideryriat dewism nsludeasagicniy

al ong a second direction perpendicular to the first ﬁitl r%ct i on, and wherein
o

pERIRE §
aendia m

be arranged in an

5
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15

20

25

(step S56).

[0108] The pattern forming step of step S50 is to form a predetermined
pattern such as a circuit pattern and an electrode pattern on a glass
substrate coated with a photoresist, as a plate P, using the projection
exposure apparatus of the above embodiment. This pattern forming
step includes an exposure step of transferring a pattern onto a
photoresist layer by means of the projection exposure apparatus of the
above embodiment; a development step of developing the plate P after
the transfer of the pattern, i.e., developing the photoresist layer on the
glass substrate, to make the photoresist layer in the shape corresponding
to the pattern; and a processing step of processing the surface of the
glass substrate through the developed photoresist layer.

[0109] The color filter forming step of step S52 is to form a color filter
in a configuration wherein a large number of sets of three dots
corresponding to R (Red), G (Green), and B (Blue) are arrayed in a
matrix pattern, or in a configuration wherein a plurality of sets of three
stripe filters of R, G, and B are arrayed in a horizontal scan direction.
[0110] The cell assembly step of step S54 is to assemble a liquid crystal
panel (liquid crystal cell) using the glass substrate with the
predetermined pattern thereon in step S50 and the color filter formed in
step S52. Specifically, the liquid crystal panel is formed, for example,
by pouring a liquid crystal into between the glass substrate and the color
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WO 2009/ 054541PCT/ JP20081069704 optical path of a first beamout of the
plurality of beans; a second spatial |ight nodulator which can be arranged
in an optwoaboypstdriof a second beam out of the pluralitycofyposn®7oand
a |light conbiner to conbine a beam having passed via the first b5spati al

l'ight nmodulator, with a beam having passed via the second spatial Iight
nmodul ator; wherein at |east one spatial Iight nodulator out of the first
spatial |ight nodul ator and the second spatial |ight nodul ator,includes a

pl ur al i t yfitter.opTheamaddeeatsemblyasigpd of viteni §8Asiotal Fach a8 ol | ed

10i ndi vi dual I y; wherein the incident beamh uch a,sectional shape that a
| engt h al companentsssuchi asselectnic chcuits ﬁ@d&@ﬁi@%&?@f display apeAEon Beam i s

smal ler than a [er]ath al ong a_second_di rectigag per;i)endircrzlmﬁa({j to the first

Elihr efc_t i otnofﬂnidl enghtal paael,i tgnthesliquid; @ystal panel @gge Uh&®eam al ong
e firs
S54.
5 [0111] The present invention is not limited to the application to the

exposure apparatus for manufacture of semiconductor devices, but can
also be widely applied, for example, to the exposure apparatus for
display devices such as liquid-crystal display devices formed with
rectangular glass plates, or plasma displays and to the exposure
10 apparatus for manufacture of various devices such as imaging devices
(CCDs or the like), micromachines, thin-film magnetic heads, and DNA
chips. Furthermore, the present invention can also be applied to the
exposure step (exposure apparatus) in manufacture of masks
(photomasks, reticles, etc.) with mask patterns of various devices by
15 photolithography.
[0112] The aforementioned embodiment used the ArF excimer laser
light (the wavelength: 193 nm) or the KrF excimer laser light (the
wavelength: 248 nm) as the exposure light, but the exposure light does
not have to be limited to these: the present invention can also be applied
20 to any other appropriate laser light source, e.g., an F» laser light source
which supplies the laser light at the wavelength of 157 nm.
[0113] In the foregoing embodiment, it is also possible to apply a
technique of filling the interior of the optical path between the
projection optical system and the photosensitive substrate with a
25 medium having the refractive index larger than 1.1 (typically, a liquid),

which is so called a liquid immersion method. In this case, it is
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direction. 22. An optical unit to be used together with an optical system
having a predeterm ned optical axis, the optical unit conprising:
a |'ight swbizbesers4shi ch can be arranged in an optical patrbToP200kess2@opti cal
system and which splits an incident beaminto a plurality of beans; a first
spatial Iight nodul ator which can be arranged at a first position being a
position in an optical path of a first beamout of the plurality of beams
and position different fromthe predeterm ned optical 25axis; a second
spati al Sp@stlblleottul adiopt one off ﬂmnfdﬂéowmgﬁg@mmﬂuea asng techmque of
20091054541PCT1JP20081069704 second position being a posi.tion i.n an opti cal
pat h of afilamprte heteriauof dhet optipalupath t@ﬁtWﬁebe@%ijécbﬁgl optagaldi f f er ent
fromthe predeterm ned

system and the photosensitive substrate with the liquid: the technique of

locally filling the optical path with the liquid as disclosed in
5 International Publication W099/49504; the technique of moving a stage
holding the substrate to be exposed, in a liquid bath as disclosed in
Japanese Patent Application Laid-open No. 6-124873; the technique of
forming a liquid bath of a predetermined depth on a stage and holding
the substrate therein as disclosed in Japanese Patent Application Laid-

10 open No. 10-303114, and so on.

The aforementioned embodiment was the application of the
present invention to the illumination optical apparatus to illuminate the
mask in the exposure apparatus, but, without having to be limited to
this, the present invention can also be applied to any commonly-used

15 illumination optical apparatus to illuminate an illumination target
surface other than the mask.
[0114] It should be noted that the embodiment explained above was
described for easier understanding of the present invention but not for
restricting the present invention. Therefore, each of the elements

20 disclosed in the embodiment is intended to embrace all design changes
and equivalents belonging to the technical scope of the present
invention. Each of the constituent elements and others in the above

embodiment can be applied in any combination or the like.
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optical axis; and a lien conbiner which can be arranged in th [

of the 5optical system and which combines a beanlhav?ng passeg 8P;|fﬁg path
first spavoabodasgst nodul ator, with a beam having passeecCrisRbesssecond
spatial light nodulator; wherein at |east one spatial |ight nodul ator out
of the first spatial |ight nodul ator and the second spatial |ight
nmodul ator includes a 10plurality of optical elements arranged

t wo-di nensionally and controll ed individually; and wherein the first

position and the second position GIAMS tions of f the predeterm ned
optical axis of the optical system 23. The optical unit according to claim

22, wherein thel.fi Ast opfieglatiibtomipgisingndul at or can be arranged in a first
space out of a plurality of spaces made by division, by, a pl.ange,including

the predet er mi reetighptsphitter soisplit ancincident beam traveling in an incident
light path, into a plurality of beams;
5 a first spatial light modulator which can be arranged in an
optical path of a first beam out of the plurality of beams;
a second spatial light modulator which can be arranged in an
optical path of a second beam out of the plurality of beams; and
a light combiner to combine a beam having passed via the first

10 spatial light modulator, with a beam having passed via the second
spatial light modulator, and to direct a resultant beam to an exiting light
path;

wherein at least one spatial light modulator out of the first
spatial light modulator and the second spatial light modulator includes a

15 plurality of optical elements arranged two-dimensionally and controlled

individually; and

wherein the incident light path on the light splitter side and the
exiting light path on the light combiner side extend in the same
direction.

20 2. The optical unit according to claim 1, wherein said at least
one spatial light modulator includes a plurality of mirror elements
arranged two-dimensionally, and a drive unit to individually control and
drive postures of the plurality of mirror elements.

3. The optical unit according to claim 2, wherein the drive unit

25 continuously changes orientations of the plurality of mirror elements.

4. The optical unit according to any one of claims 1 to 3,
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wherein the second spatial |ight nodul ator can be arranged in

space different fromthe first space out of the pl urali'?y of sgaigg.ongo

24. The opovi2e@losusait according to claim 22, wherein thepCiriBoosp@tosal |ight
nodul ator and the second spatial |ight nodul ator can be arranged at
opposite positions on both sides of the predeterm ned optical axis. 25. An
optical unit to be used together with an optical system 25having a .
predeterm ned optical axis, the optical unit conprising; a first reflecting
surface tphéein fisd libhobpliitecinbindes applariation séparativgiilm.

2009/ 054541PCT/ JP20081069704 the optical axis of the opti cai system

a first spatials.|ight opdcalatnit addartingiobanyronthddciamspt iart path of
the light reflected on the first reflecting s_urfacgl;f P asgcond0

refl ect i nghetein doelicht cefribiner Inicldesapplayizaitrpserarating sy r st spati al

| i ght nodul ator, and emt the reflected light into the opti
6. The optical unit according togany one of claims falo %YSt em

5 further comprising;:
a first folding surface to fold the second beam having passed via
the light splitter, toward the second spatial light modulator; and
a second folding surface to fold the second beam having passed
via the second spatial light modulator, toward the light combiner.

10 7. The optical unit according to any one of claims 1 to 6,
wherein a light splitting surface of the light splitter and a light
combining sﬁrface of the light combiner are provided at different
positions.

8. The optical unit according to any one of claims 1 to 7,

15 wherein the first spatial light modulator can be arranged in a first space
out of a plurality of spaces made by division by a plane including an
axis connecting the incident light path and the exiting light path, and

wherein the second spatial light modulator can be arranged in a
second space different from the first space out of the plurality of spaces.

20 9. The optical unit according to claim 8, wherein the first
spatial light modulator and the second spatial light modulator can be
arranged at opposite positions on both sides of the axis.

10. The optical unit according to any one of claims 1 to 9,
wherein a traveling direction of the incident beam incident to the light

25 splitter is parallel to a traveling direction in a standard state of the

exiting beam exiting from the light combiner.
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athird reflecting surface to reflect light incident in parallel with the
optical axis of the optical system a second spatial |ight nodul ator which
can be arwengedsisrian 10optical path of the Iight refl eecedprmosbéveos hird
reflecting surface; and a fourth reflecting surface to reflect |ight
havi ng passed via the second spatial |ight nodulator, and emt the
reflected light into the optical system wherein at |east one spatial |ight
modul ator out of the first 15 spatial |ight nodul ator, and the second
spatial |ight npdul Theropticdludeit acqordirg fe yclaim ol s2id epéeaink8itar r anged

t wo- di mensi onal |y and controlled individually. ) 26. The opti cal
uni t accopeihpy vsedcimi an 2Hlumimatiom optcali appardusole t Hlymate: ARy surf aces
are obliquely arranged with respect tao the 20predeterpm ned optical axis of
the opti cAluraisition target surfae. ormtie bmlsﬁlhg}mfmmﬁgg} RQUESS> ¢l ai m 25 or

26, wherein the first spatial |ight nodul ator, can dul ate light in such a
manner that thewhergin the |teevedingrdireriondsnthe eﬁmﬁaﬁﬂné%%tﬁrf’gc%‘eto be

emtted into the optical system beconmes p llel to t.he, light +pcident to
the firstegking beami ig cointigdent vsih %@aéﬁipalt% aé'e@Bh&a]sﬁégﬁ of ﬁ?ﬁ%ght

modul ator can_nodul ate light in such a manner that the light reflected on
the four t Hluminastan eptieal-annasatls- pe enitted into the optical system becomes

parallel to the_ light incident to the third reflecti a 8.
The optical uni izaca&fdm&wﬁ%&aeﬁ%f 8 dPaf e toggﬁléﬂhg f 5,

wherein the light splitter and the light combiner include a common
polarization beam splitter.
10 13. The optical unit according to any one of claims 1 to 3,
wherein the light splitter includes a diffractive optical element.
14. The optical unit according to any one of claims 1 to 3,
wherein the light splitter includes at least one prism.
15. The optical unit according to claim 13 or 14, further
15 comprising a polarizer or an optical rotator which can be arranged in at
Jeast one of the optical path of the first beam and the optical path of the
second beam between the light splitter and the light combiner.
16. The optical unit accdrding to any one of claims 13 to 15,
wherein the light combiner includes an optical system to superimpose
20 the beam having passed via the first spatial light modulator, and the
beam having passed via the second spatial light modulator, on a
predetermined surface.
17. The optical unit according to any one of claims 1 to 16,
wherein an angle of incidence of the incident beam to the light splitter is
25 the Brewster's angle.

18. The optical unit according to any one of claims 1 to 17,
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Swherein the first reflecting surface is |ocated on a first plane, wherein
the second reflecting surface is |ocated on a second plane intersecting
with the worse/gshsme, wherein the third reflecting surfaceJpzoboaeed on a
third plane, and 1lOwherein the fourth reflecting surface is located on a
fourth plane intersecting with the third plane. 29. The optical unit
according to claim28, wherein a ridge |ine made by the first and second
planes is provided on the first spatial |ight nodul ator sid i.th respect
to the fiwhereinc patiobehgthf didfarenge isqnowixgeeisbetween Ligiht o e\gﬁfﬁtdge li ne
made by the third and f.ourthfg‘l anes is provided on the second_.spatial |ight
modul at orbedmetraveling edpethie forst ispatial dighinmadslatos ard light qf tg‘&r faces,

and wherein an angl e between the first and second reflectin
203urfac&mdomddmeamt[aiy@llagg\rl@thﬂ@eﬁﬂnéﬁga‘éa]b]ég{\b@? OThird and fourtﬁ

reflecting surfaces is an obtuse angle. 30. The optical unit
according to anl9.ondmwepidcali yrit comPr/INGsai d optical unit being used in an

UL O OP gl RBaLaL U5 S AT R MR BFebhaet ourface
in mutually different polarization states;
a first spatial light modulator which can be arranged in an
optical path of a first beam out of the plurality of beams;
a second spatial light modulator which can be arranged in an
10 optical path of a second beam out of the plurality of beams; and
a light combiner to combine a beam having passed via the first
spatial light modulator, with a beam having passed via the second
spatial light modulator;
wherein at least one spatial light modulator out of the first
15 spatial light modulator and the second spatial light modulator includes a
plurality of optical elements arranged two-dimensionally and controlled
individually.
20. The optical unit according to any one of claims 1 to 19,
wherein the incident beam has such a sectional shape that a length along
20 a first direction in a cross section of the incident beam is smaller than a
length along a second direction perpendicular to the first direction, and
wherein the light splitter splits the incident beam along the first
direction.
21. An optical unit comprising:
25 a light splitter to split an incident beam into a plurality of beams;

a first spatial light modulator which can be arranged in an
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25l i ght source, the optical unit guiding light to a distribution form ng
optical systemin the illum nation optical apparatus in order to forma WO
2009/ 05454 0RWB/3PRAD081069704 predeterm ned |ight i ntensipCy/Ja2m®8/n690wk i on on
an illumnation pupil of the illumnation optical apparatus. 31.
An illumnation optical apparatus to illum nate an illum nation target
surface on the basis of light froma |Iight source, the 5illumnation
optical apparatus conprising: the optical unit as set forth in any one of
clai ms 1 gpticipadndf a first beami cutr obikte pluralsinohlgeapsi cal systemto forma
pr edet er m ned Ipight intensity distribution on_an illum natiqn, pupil of the
i |1 unination opt iseadndyspatial light raedulagar twhicbe 6 bﬁ‘a@ﬂﬁ&gﬁas@e via the
first and 10second spatial 1ight nodul ators. .. 32. An exposure

appar at uopticglpath of at secontl hearm vt o the piwality ghbeamss a8¢ set forth in
claim31, for illumnating a predetermned pattern, the expQsufie apparatus
perforni ng expas light sombisepte gonabimena pegut g@YW%)H%? %‘@o@l@n i ve
substrate. 1533. A devi ce manufacturing t hod corrgri S n%,;l' an

exposur e spagial olight meedwlaton Hwithy gober@ daviRg RASSEd: ¥idn] '%Oseﬁgp{ier n on the

phot osensitive substrate, using the exposure apparatus as set forth in
claim 32;smtwé\l@15m@ﬂla§%p of devel opi ng the photosensitive substrate 20

"ayer in a shapehesnnoabdmatnbe cratielpencaneHPREH hicer b8, BT Aoe o
the phot Oéspear‘ltfeiltl.{ it é%ﬁﬁfa{t&t fhd %rl]g second spatial light modulator includes a
plurality of optical elements arranged two-dimensionally and controlled
10 individually;

wherein the incident beam has such a sectional shape that a
length along a first direction in a cross section of the incident beam 1is
smaller than a length along a second direction perpendicular to the first
direction, and

15 wherein the light splitter splits the incident beam along the first
direction.

22.  An optical unit to be used together with an optical system
having a predetermined optical axis, the optical unit comprising:

a light splitter which can be arranged in an optical path of the

20 optical system and which splits an incident beam into a plurality of
beams;

a first spatial light modulator which can be arranged at a first
position being a position in an optical path of a first beam out of the
plurality of beams and position different from the predetermined optical

25 axis;

a second spatial light modulator which can be arranged at a
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a processing step of processing the surface of the photosensiti
t hrough the mask |ayer. P ive substrate

WO 2009/054541 PCT/JP2008/069704

second position being a position in an optical path of a second beam out
of the plurality of beams and position different from the predetermined
optical axis; and
a light combiner which can be arranged in the optical path of the
5 optical system and which combines a beam having passed via the first
spatial light modulator, with a beam having passed via the second
spatial light modulator;
wherein at least one spatial light modulator out of the first
spatial light modulator and the second spatial light modulator includes a
10 plurality of optical elements arranged two-dimensionally and controlled
individually; and
wherein the first position and the second position are positions
off the predetermined optical axis of the optical system.
23. The optical unit according to claim 22, wherein the first
15 spatial light modulator can be arranged in a first space out of a plurality
of spaces made by division by a plane including the predetermined
optical axis, and
wherein the second spatial light modulator can be arranged in a
second space different from the first space out of the plurality of spaces.
20 24. The optical unit according to claim 22, wherein the first
spatial light modulator and the second spatial light modulator can be
arranged at opposite positions on both sides of the predetermined optical
axis.
25. An optical unit to be used together with an optical system
25 having a predetermined optical axis, the optical unit comprising:

a first reflecting surface to reflect light incident in parallel with
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the optical axis of the optical system;

a first spatial light modulator which can be arranged in optical
path of the light reflected on the first reflecting surface;

a second reflecting surface to reflect light having passed via the
first spatial light modulator, and emit the reflected light into the optical
system,;

a third reflecting surface to reflect light incident in parallel with
the optical axis of the optical system;

a second spatial light modulator which can be arranged in an
optical path of the light reflected on the third reflecting surface; and

a fourth reflecting surface to reflect light having passed via the
second spatial light modulator, and emit the reflected light into the
optical system;

wherein at least one spatial light modulator out of the first
spatial light modulator and the second spatial light modulator includes a
plurality of optical elements arranged two-dimensionally and controlled
individually.

26. The optical unit according to claim 25, wherein the first to
fourth reflecting surfaces are obliquely arranged with respect to the
predetermined optical axis of the optical system.

27. The optical unit according to claim 25 or 26, wherein the
first spatial light modulator can modulate light in such a manner that the
light reflected on the second reflecting surface to be emitted into the
optical system becomes parallel to the light incident to the first
reflecting surface, and

wherein the second spatial light modulator can modulate light in
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such a manner that the light reflected on the fourth reflecting surface to
be emitted into the optical system becomes parallel to the light incident
to the third reflecting surface.

28. The optical unit according to any one of claims 25 to 27,

wherein the first reflecting surface is located on a first plane,

wherein the second reflecting surface is located on a second
plane intersecting with the first plane,

wherein the third reflecting surface is located on a third plane,
and

wherein the fourth reflecting surface is located on a fourth plane
intersecting with the third plane.

29. The optical unit according to claim 28, wherein a ridge
line made by the first and second planes is provided on the first spatial
light modulator side with respect to the first and second reflecting
surfaces,

wherein a ridge line made by the third and fourth planes is
provided on the second spatial light modulator side with respect to the
third and fourth reflecting surfaces, and

wherein an angle between the first and second reflecting
surfaces is an obtuse angle and an angle between the third and fourth
reflecting surfaces is an obtuse angle.

30. The optical unit according to any one of claims 1 to 29,
said optical unit being used in an illumination optical apparatus to
illuminate an illumination target surface on the basis of light from a
light source, the optical unit guiding light to a distribution forming

optical system in the illumination optical apparatus in order to form a
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predetermined light intensity distribution on an illumination pupil of the
illumination optical apparatus.

31.  An illumination optical apparatus to illuminate an
illumination target surface on the basis of light from a light source, the

5 illumination optical apparatus comprising:

the optical unit as set forth in any one of claims 1 to 30; and

a distribution forming optical system to form a predetermined
light intensity distribution on an illumination pupil of the illumination
optical apparatus, based on the beams having passed via the first and

10 second spatial light modulators.

32. An exposure apparatus comprising the illumination optical
apparatus as set forth in claim 31, for illuminating a predetermined
pattern, the exposure apparatus performing exposure of the
predetermined pattern on a photosensitive substrate.

15 33. A device manufacturing method comprising:

an exposure step of effecting the exposure of the predetermined
pattern on the photosensitive substrate, using the exposure apparatus as
set forth in claim 32;

a development step of developing the photosensitive substrate

20 onto which the predetermined pattern has been transferred, to form a
mask layer in a shape corresponding to the predetermined pattern on a
surface of the photosensitive substrate; and

a processing step of processing the surface of the photosensitive

substrate through the mask layer.
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