DESCRI PTI ON | LLUM NATI ON OPTI CAL SYSTEM EXPOSURE APPARATUS, AND
DEVI CE MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The present
invention relates to an illum nation optical systemfor use in an
exposure apparatus that 10 nanufactures a device, such as a

sem conductor device, a liquid crystal display device, an inmaging
device, and a thin-filmmmagnetic head, in a photolithography process,
an exposure apparatus including sgedcmrpiidyum nation optical system
and a nethod for manufacturing a device with such an 15 exposure
appar atus. BACKGROUND ART In recent years, the integration of

patterns that afgr@@nirod ot RaTREkshaf, \?}gg ARATIMS, 1O

accurately transfer a fine pattern onto a’ a mask pattérn nust

be illunmnated with theABBtDﬁﬁICEIMANHE&Qﬂﬁ@L@CBMEEH@Dlon

Accordi ngly, a technique that has drawn attention perforns nodified

illumpation at a pupil position of an illumnation 25 optical system

for an exposure apparatus to forECENMIGKINMIATLDshaped or

nmul ti pol e-shaped (e.g., quadrupole) light intensity distribution and

varies the light intensity distribution on a secondary |ight source,

whi ch is fornmedhenpaeseat iﬂ@aht:bd)mrheebsfte?s rAcC - fily umiayeibens. This

technlque 0 i ncrea ses the focal gth and resolution of a prOjectlon

opti cal sys em for use 1n an exposure apparatus tha

10 manufactures a device, such as a semiconductor device, a

liquid crystal display device, an imaging device, and a
thin-film magnetic head, in a photolithography process, an
exposure apparatus including such an illumination optical
system, and a method for manufacturing a device with such an

15 exposure apparatus.
BACKGROUND ART

In recent years, the integration of patterns that are
20 formed on a mask has become higher. Thus, to accurately
transfer a fine pattern onto a wafer, a mask pattern must be
illuminated with the optimal illuminance distribution.
Accordingly, a technique that has drawn attention performs
modified illumination at a pupil position of an illumination
25 optical system for an exposure apparatus to form an annular-—
shaped or multipole-shaped (e.g., guadrupole) light
intensity distribution and varies the light intensity
distribution on a secondary light source, which is formed on
a rear focal plane of a micro-fly’s eye lens. This technique
30 increases the focal depth and resolution of a projection

optical system.

To transform light from a light source to light having



To transformlight froma light source to light having an

annul ar-shaped or multipol e-shaped light intensity distribution at a
pupi| position, for exanple, Japanese Laid-Qut Patent Publication No.
2002- 353105 di scl oses an exposure apparatus including a novable
multi-mrror (e.g., 5 digital mcromrror device (DVD), which

i ncl udes many m croscopic elenents mrrors that are arranged in an
array. Theniaehi et eyl andtipelénghaped difaot ion Hfsiegch of the
element m rrors are varied to forma predetermned light intensity
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| i ght source position fornmed at a rear focal plane of a mcro-fly's
eye | ens)SXPesylf SRBGES e iapgpudandgsa oy lemulrtingicaclr fer gor

el emenrt i3 ; - filect.Lon f . hy } rrqr._el ement,
15 de?|eé§%%§%§93&§9% éfgfﬁfﬁggggﬁgf%ﬁﬁL’gﬁ%F%géfggﬁg%§39‘P ection,
and transtbrpescamid iglamendsi ngraops edederaraedc ddrgied iimt enskbtyay.
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the cross-section of the laser |ight enmitted fromthe laser |ight
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annul ar - shapret«id BY & rReh8cshapedut it dntensindi AirSthiuhEon at
t he pupi
15 deflected by a predetermined angle in a predetermined
direction, and transformed to light having a predetermined
light intensity distribution at the pupil position of the
illumination optical system. Exposure is performed by
setting the inclination angle and inclination direction of
20 each mirror element in the movable multi-mirror so that a
secondary light source image formed on a rear focal plane of
the micro-£fly’s eye lens has the optimal light intensity
distribution that corresponds to the pattern or the like of
the mask during exposure.

25
DISCLOSURE OF THE INVENTION

In the above-described exposure apparatus, a laser
light source is used as the light source. However, the light
30  intensity is not uniform in the cross-section of the laser
light emitted from the laser light source. Accordingly, when
using such laser light tc form an annular-shaped or multi-

pole shaped light intensity distribution at the pupil



position of the illum nation optical system non-uniformty of |ight
intensity occurs in a light distribution shape (cross-section of
light bean). 51t is an object of the present invention to provide an
illum nation optical system an exposure apparatus including such an
illum nation optical system and a method for manufacturing a device
w th such an exposure apparatus that easily forns the desired |ight

intensitypdbstioDubf otheM 1 uhQ nidhiibar Bpkkbym 8ati On aford-Neh e
position of the il]um nation optical systemor a position conjugagéd
with the PlptidposiRidhisidueradves ABnauAlebE niliytoewiron Fhare

cross-sectipds9isddreidd ¢t .1ikpthecshfucture of an embodi ment of the
present invention will now be di scussed using reference characters.

However, the present invention is not limted to this enbodinent.
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source to the spatial [|ight nmodulator. A control “unit (20) controls
t he spati@F°%3 giictivdulodt dhebadabteon the |ight intensity distribution
detected by the detection unit.

15 The structure of an embodiment of the present
invention will now be discussed using reference characters.
However, the present invention is not limited to this

embodiment.

20 An illumination optical system according to one
embodiment of the present invention illuminates an
irradiated plane (M) with illumiﬂation light provided from a
light source (1). The illumination optical system includes a
spatial light modulator (S1) which is arranged in an optical

25 path of the illumination optical system and cooperates with
part of the illumination optical system to form a desired
light intensity distribution at a pupil position of the
illumination optical system or a position optically
conjugated with the pupil position. A detection unit (30 to

30 33) including a light receiving surface (32a, 33a) receiving

- some of the illumination light detects the light intensity
distribution of the illumination light at a position in an

optical path extending from the light source to the spatial



SAn exposure apparatus according to one embodi nent of the present
invention transfers a. predeterm ned pattern onto a photosensitive

substrate (W. The exposure apparatus includes the illum nation
optical system according to the present invention which illum nates
the pattern that is 10 arranged on an irradi ated pl ane. A

met hod for manufacturing a device according to one enbodi nent of the

present i pygnt iRederPases A BHRALLEN A NEd AL &SR A0 tRe spatial
phot osensitive substrate using the exposure 15 apparatus according to

t he presehtIphvReRY Rt qBLpseddeneltbpsLitiot photoseiir tdiat milvdtioat e
onto whi chthe Datierandageen transterred to forma mask |ayer

shaped in corresporidence wth the pattern on a surface of the
phot osensitive substrate (S46), and processes the surface of the 20

phot osensitive b t hrough, t he_nmsk.l ayer (548). . Th
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Thus, basegenmddeciteti@aiindnatesdl bptibel sPpiial ddiaimdulatae can
be controlled to formthe desired_light intensity distribution at the

pupi | posPEIFHP oA R uMPASR dhLoBERRESS SR8 diRtdrems0 thagodst i on

opti aal | yagemsgatad aM tih ke apURi b1RRSi tion. Further, the exposure
apparatus according to one enbodi nent of the present invention

illum nates a mask using
A method for manufacturing a device according to one

embodiment of the present invention exposes a predetermined
pattern onto a photosensitive substrate using the exposure

15 apparatus according to the present invention (S44), develops
the photosensitive substrate onto which the pattern has been
transferred to form a mask layer shaped in correspondence
with the pattern on a surface of the photosensitive
substrate (S46), and processes the surface of the

20 photosensitive substrate through the mask layer (S48).

The exposure apparatus according to one embodiment of
the present invention includes a detection unit which
detects the light intensity distribution of the illumination

25 light at a position in an optical path extending from the
light source to the spatial light modulator. Thus, based on
the detection result, the spatial light modulator can be
controlled to form the desired light intensity distribution
at the pupil position of the illumination optical system or

30 a position optically conjugated with the pupil position.

Further, the exposure apparatus according to one

embodiment of the present invention illuminates a mask using



an illumnation optical system according to the present invention.
Thus, the pattern of a mask can be exposed onto a photosensitive
substrate with a high resolution and high throughput. 5 The
nmet hod for manufacturing a device according to one enbodi nent of the
present invention perfolLnms exposure with an exposure appar at us
including an illumnation optical systemaccording to the present

i nvention,, ﬂ;?l S d
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Fig. 3 |Sth¢¢hgnpuanlshomnng t he structure of a spatlal | i ght '
nodul ator in the spatial light nodulation unit of the 20 enbodi nent;
Fig. is a schematic di agram show ng the structure of a conical

axi con system lmxealﬁlelthlodmfﬂﬂt m@ﬁu@@cﬁmﬁmgsyastcaarvl@@c@h@b@alhg tbeone
enbodi nment ; is adagramillustrating the

operati or %ﬁoqu§“§5OébﬁP@aPrﬁﬁﬁﬁBnl%V%QQ&ﬁ%uRQ¥ﬁQ§§Eb@%P96uées@é%%dary
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system according to the present invention. Thus, devices can

10 be manufactured with a high resolution and high throughput.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing an exposure
15 apparatus according to an embodiment;
Fig. 2 is a diagram showing the structure of a spatial
light modﬁlation unit in the embodiment;
Fig. 3 i1s a diagram showing the structure of a spatial
light modulator in the spatial light modulation unit of the
20 embodiment;
Fig. 4 is a schematic diagram showing the structure of
a conical axicon system in an illumination optical system
according to the embodiment;
Fig. 5 is a diagram illustrating the operation of the
25 conical axicon system with respect to a secondary light
source formed through annular illumination according to the
embodiment;
Fig. 6 is a schematic diagram showing a first
cylindrical lens pair and a second cylindrical lens pair in
30 the illumination optical system according to the embodiment;
Fig. 7 is a diagram illustrating the operation of a
zoom lens with respect to a secondary light source formed

through the annular illumination according to the



enbodi nment ; Fig. 6 is a schematic diagram showing a first
cylindrical lens pair and a second cylindrical lens pair in 30 the

i1 lum nation optical system according to the enbodi nent; Fig.
7 is adiagramillustrating the operation of a zoomlens with respect
to a secondary |ight source fornmed through the annular illum nation
according to the enbodinent; Fig. 8 is a diagram show ng the
structurec@bo@iharit;her illumnation optical systemaccording to the
enbodinment; Fig. 9 is a flowhart illustrating a nethod for 5

manuf act uri ng aFlébm%d{M@ctdéla%‘éml eBovwinhy cthe evtuasctarea off & cfuthece

acoor di ng;  9uf heerodimny agds Fighg 10,15,8 Jhovehart
I 11 ust ratllng ﬁh or manu ctur iaﬁao ?n%w d crys spr)]l éy
devi ce, which s‘féJrG/eé? ds a IﬁlOIWOhdeVI n:bluatmjrmgﬁga tne tthoel éotrodi nent .
10 BE T I\{% Q} B{YI N %{I %N\/ENT An ex osure
appar at us acc%r i ng g a%eem%) FNSNEE of SYhES pridbilt SHVER #6n 2wi | |
now be distussetewidd) raefoerelite to the embodiment; and
Fig. 10 is a flowchart illustrating a method for
manufacturing a liquid crystal display device, which serves
as a micro-device, according to the embodiment.

10
BEST MODE FOR CARRYING OUT THE INVENTION

An exposure apparatus according to an embodiment of

the present invention will now be discussed with reference

15 to the drawings. Fig. 1 is a schematic diagram showing the
structure of an exposure apparatus according to the
embodiment. 1In the description hereafter, an XYZ orthogonal
coordinate system is set as shown in Fig. 1, and the
positional relationship of each member will be described

20 with reference to the XYZ orthogonal coordinate system. The
XYZ2 orthogonal coordinate system is set so that the X axis
and the Y axis are parallel to a wafer W, and the Z axis is

orthogonal to the wafer W.

25 With reference to Fig. 1, exposure light (illumination
light) is supplied from a laser light source 1 to the
exposure apparatus of the present embodiment. The laser
light source 1 may be, for example, an ArF excimer laser
light source, which generates light having a wavelength of

30 193 nm, or a KrF excimer laser light source, which generates
light having a wavelength of 248 nm. The laser light source
1 emits generally parallel light in the Z direction. The

light, which has a rectangular cross-section that is



15 to the drawings. Fig. 1 is a schematic diagram show ng the
structure of an exposure apparatus according to the enbodinent. In
the description hereafter, an XYZ orthogonal coordi nate systemis set
as shown in Fig. 1, and the positional relationship of each nmenber

wi |l be described 20 with reference to the XYZ orthogonal coordinate
system The XYZ orthogonal coordinate systemis set so that the X

axi s and gfenyatxdsidrenda dil@ettiend watersW sodhtdeh i o,is
orthogonal to the wafer W 25Wth reference to Fi g. 1, exposure light
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el ongated,in the X direction, enters a beam expander 2, which is
f or med byljaglbiéi%a%ﬂ‘nq e%spésed:%e&ﬁ'&n?a TeHETY FPSHFFion. The

respecti vedyahbwe BidlegadHate haef baskbder RA¥EREh atkk HROSiddptider 2,
refractive power in a YZ plane as viewed in Fig. 1. 5 Accordingly,
the |i ghtw?ﬁ%kf WS Fhé FEFR-BLpIREEF2D $¥stRiyni I DR #S¥2 pl ane
as viiewedspnittgr 3. and shaped into light having a predeterm ned
rectangul ar cross-section. The parallel |ight that has passed through
t he beam expander 2, which serves as a shaping optical system enters

a beam 10 spli ter Bight that has passed through the beam splitter 3

enters a detection unit, which includes a beam splitter 30,
a lens 31, a first CCD imaging unit 32, and a second imaging

15 unit 33. In the detection unit (30 to 33), the lens 31
converges the parallel light that has passed through the
beam splitter 30 onto a light receiving surface, or
detection surface 32a, of the first CCD imaging unit 32.
Further parallel light reflected by the beam splitter 30

20 falls on a light receiving surface, or detection surface

33a, of the second CCD imaging unit 33.

In accordance with the inclination of the parallel

light from the beam splitter 30, the lens 31 directs the

25 parallel light to a position on the detection surface 32a of
the first CCD imaging unit 32. Thus, by detecting the
position at which light converges on the detection surface
32a of the first CCD imaging unit 32, the inclination angle
of the parallel light from the beam splitter 30 and,

30 consequently, the inclination angle of the light reflected
by the beam splitter 3 and directed toward a spatial light
modulator S1, which will be described later, can be

determined. The first CCD imaging unit 32 is one example of



The |ight that has passed through the beamsplitter 3 enters a
detection unit, which includes a beamsplitter 30, a lens 31, a first
CCD imaging unit 32, and a second imaging 15 unit 33. In the
detection unit (30 to 33), the lens 31 converges the parallel Iight

t hat has passed through the beamsplitter 30 onto a |ight receiving
surface, or detection surface 32a, of the first CCD inmaging unit 32.

Further painalinelidegbt anglbeatesedion e e amaspbickbet s30n201 42l s o0
a light receiV|n% surface, or detection surface 33a, of the second
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paral | el Iicghtl sftoem t he beam splitter 30, the lens 31 directs the 25
parallel light to a position on the detection surface 32a of the
first CCD imaging unit 32. Thus, by detecting the position at which
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reflected b splitter and directed.toward a spatial |ight
nodul at or d%i)é,e tc\%%ldcﬁ%%I ?}‘%e&%%%%lioﬁle§ qrg.fia&e, géﬁn\ol\%egla%t%gﬁ‘?rf@oqwr he
first CCDimmgghggunntt332 iBy obeaexanpl ehefcedfed NEf dence 1an@i®ance
detecti on ,unit %Qgt detects. the iHcidence angle_at which illumnation

li ght ent &F8CFABUEPART oL PR LS %4t &7 BRRelifl ukiglhcerom the
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i | Tum nanceghtsholibubton, sOi s ae@bipbgt he parallel light fromthe
10 beam splitter 30 and consequently, displacenent of the |ight

reflected by the beamsplitter 3 and directed to the spatial |ight
nmodul ator Si caphderpht@iNRA-second ccp imaging units 32 and 33 can

15 receive a plurality of light pulses from the light source 1
and can output a detection signal every receiving one or

more light pulses.

To attenuate the illuminance of the light directed

20 toward the first and second CCD iﬁaging units 32 and 33 when
necessary, a detachable light attenuation filter formed by a
neutral density (ND) filter having a predetermined
transmittance may be arranged between the beam splitter 3
and the first and second CCD imaging units 32 and 33.

25 Attachment and detachment of the light attenuation filter
and gain adjustment of the first and second CCD imaging
units 32 and 33 enable the detection signal level of each

CCD imaging unit to be kept within an appropriate range.

30 The detection signals from the first and second CCD
imaging units 32 and 33 that include information on light
angle deviation and light position deviation are sent to a

control unit 20. The light reflected by the beam splitter 3



The first and second CCD imaging units 32 and 33 can 15 receive a
plurality of light pulses fromthe Iight source 1 and can output a
detection signal every receiving one or nore |light pulses. To
attenuate the illum nance of the light directed 20 toward the first
and second CCD imaging units 32 and 33 when necessary, a detachable
light attenuation filter formed by a neutral density (ND) filter

having a predelegircned Lnathel {tancsdimn Retdisangedspgt veen 1 e: beam
splitter 3 %ﬁg the first and second CCD i maging units 32 and 33. 25
At t achment™sHd2dePachieht S¥t- the 1ight attenuation filter and gain
adjustnment of the first and second CCD i maging units 32 and 33 enabl e
the detection signal |evel of each CCD imaging unit to be kept within
an appropri ate PANGBOWBOTReFHet bt ithe sbgtdpd fiohtthedfilatstoranthit

seconds COQw1i TRENNGUNL! 5 82n 3pfl A Lhalalknehudehof ormmtion. on |1 ght
angl e deviation and lI'ight position deviation are’sen t 6 a-tonttol
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attached tgithePﬁr'sn1Pl._Theéggisg%? . Which is a rectangul ar
paral | el eBrp&l, Fhal?d 3i Gt SIRTRARER drERIaPY- EHapRinsR dyel 131k
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Pl a, whi chhexhesglseabongléhg ohdsd 2x330WRoLA Fhor: 2. Eheﬁ%a%gakia%
i ght nodulator Si is attached to the prism 21 on a side surface that

i s opposi téIbhemeAekaped $btich. atitmsdedsit@eshefprism P1 on a side

surface that is opposite the V-shaped notch. Inner sides of
15 the two planes PS1 and PS2 function as first and second

reflection surfaces R11 and R12.

The prism Pl is arranged so that the side surface to

which the spatial light modulator S1 is attached is parallel

20 to the optical axis AX and so that the first reflection
surface R11l is located at the side closer to the beam
splitter 3 and the second reflection surface R12 is located
at the side closer to an afocal lens, which will be
described later. The first reflection surface R1l of the

25 prism Pl reflects incident light in the direction of the
spatial light modulator S1 (parallel to the optical axis
AX). The spatial light modulator S1, which is arranged in an
optical path between the first reflection surface R11l and
the second reflection surface R12, reflects the light

30 ‘reflected by the first reflection surface R11l toward the
second reflection surface R12. The reflection surface R12 of
the prism Pl reflects and emits the light reflected by the
spatial light modulator 81 toward the afocal lens 5.



15 the two planes PS1 and P32 function as first and second reflection
surfaces R11 and R12. The prism 21 is arranged so that the
side surface to which the spatial |ight nodulator Si is attached is
parallel 20 to the optical axis AX and so that the first reflection
surface R11 is |located at the side closer to the beamsplitter 3 and
the second reflection surface R12 is |located at the side closer to an

afocal |ens, whirghawkblabecaeseri L R84 o ghstfkﬁﬁg?r@ﬁéﬁle&h%

surface Rl of the 25 grlsm 21 reflects incident
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the spati aiodhugbbrnp@lpl atorgr xsaq;ﬁtﬂlalflaM%DQH' at ﬁﬁ%&'ﬁ éi&#@nt Axia,
shown in Fi theSSpatlaI | ight nodul ator Si includes a

t wo- di nenwlgﬁal 1array of EhoIRiE@s lgliYonmnéFé%o@l%I@@?ff o¥Ele|cefiméites
SEl . for %@H@b@ 11<}5:b»& heodJ&hte @élt SRLeLES 1k ﬁt %%% %Sséglg om AL i

nodul ator Si, a li Li falls'on a mrr ' .
one of théllﬁPfGFaﬂ‘Ff?e%’ff ¥ 0whdlclma st QHSEQfothEhElurallty of mirror

elements SEl of the spatial light converter S1 differing
from the mirror element SEla. The mirror elements SEla and
SElb respectively perform spatial modulation on the light

15 rays Ll and L2 in accordance with their positions.

The prism Pl is arranged so that the air-equivalent
length from incident positions IP1 and IP2 at which the
light rays Ll and L2 enter the prism Pl to the mirror

20 elements SEla and SElb and then to emission positions OP1
and OP2 from which light is emitted is equal to the air-
equivalent length from positions corresponding to the
incident positions IP1 and IP2 to positions corresponding to
the emission positions OP1 and OP2 when the optical path of

25 exposure light does not include the prism P1l. The air-
equivalent length is the optical path length when an optical
path length in an optical system is converted to air having
a refractive index of one. The air-equivalent length of a
medium having refractive index n is obtained by multiplying

30 the physical or actual optical path length of the medium by
1/n.

As shown in Fig. 3(a), the spatial light modulator S1

10



10 spatial light converter Si, and a light ray L2 falls on a mrror

el ement SEl b, which is one of the plurality of mrror elenents SE1 of
the spatial light converter Si differing fromthe mrror el enent

SEla. The mirror elenents SEla and SEl b respectively perform spati al
nodul ation on the light 15 rays Li and L2 in accordance with their
positions. The prism 21 is arranged so that the air-equivalent |ength

frominci denta peshblensul2l-andrd22 Al M) & Be L bgbt rays bl apd L2
enter the prismPi to tﬁe_nirrof ZGLeIeneﬁ%gasgﬁgr§%2E§E§% %%%r en
to enissi GHSPESIEi 573, 0Phighdape micumariich Hefgkttioneai ehents s

equal to thenak- efui r Si ti corresponding to

t he incident pos(?i%n§§%g§£a%§&%%€t%éﬂﬁ%§%iFgﬁg%égr?ggpﬁﬁaiﬁg to the
em ssi on gedilecsthsnOPuraade 02 2Znwveercht mé reptri e hbmeat hsEf, 25eexposur e

l'i ght ¢oe Lheludet pri Pl. The air-equivalent |ength is the
optica? ngﬁgﬁgﬁgthmﬁgnpgﬁ %%f?%%.l%ﬁnﬁ?ﬁ%ﬁﬁ&vh%bﬁgaﬁSOpF?%al system
i s convertiedltivationhaughg and eft@kidatd dmndexeet i6A€of ThHRe
air-equiv§%%gg %ength o% a nmedi um having refractive index n is
obt ai ned by mif tiBFyrRH30° the LIS YaBrd Zpn op e capnipee e @ iRyt h
of the nedi spubyal/Dighs sb@Wetdr Fistm)3@ivet N818PAET ahn]dghis
nodul at or _Si a novable multi-mrror including a pfurallty of

i
mrror eISﬁﬁﬁfgf%ﬁﬁ,b%h?c?P%ﬁ%P#ﬁ%ﬂiﬁs@@piCE@@#ImﬁﬁﬁQﬁ1Qﬂagm@ﬁt§E1Eé§h
of theom koatighed®nySrSEdLis) oY Qie%q(}e_@a?:o@aﬁtf{z‘lll ea%té ' 124 SW 2680

In each mrror elenment SE1, the orientation of e ectlon
surface, TREETFST RS Hedh et asybendicuilacl tnataon oirectdrah of

t he parallel to the reflection surface. That is, the mirror
elements SEl are each controllable so as to inline two-
dimensionally along the reflection surface.

15

As shown in Fig. 3(b), one example of a drive

mechanism for a mirror element SE1 includes a rod member 41,
which supports the mirror element SEl in a manner enabling
inclination about two perpendicular axes in the reflection

20 surface, a suppoft substrate 42, which supports the rod
member 41, four electrodes 43, which are arranged on the
support substrate 42 so as to surround the rod member 41,
and four electrodes (not shown), which are arranged on the
rear surface of the mirror element SEl facing toward the

25 four electrodes 43. 1In this example, the spatial light
modulator (SLM) drivg unit 26 controls the potential
difference between each of the four electrodes 43 and the
corresponding electrode on the rear surface of the mirror
element SEl to control the electrostatic force that acts

30 between the electrodes so as to swing and incline mirror
element SEl. This continuously controls the inclination
angle of the mirror element SE1l about the two perpendicular

axes of the reflection surface within a predetermined

11



reflection surface is independently driven and controlled by a
spatial light nodulator (SLM drive unit 26, which is controlled by a
control unit 20. Each mrror elenent SE1 is 10 continuously rotatable
by a desired rotation angle about two rotation axes that extend

per pendi cul ar to each other and parallel to the reflection surface.
That is, the mrror elenments SE1 are each controllable so as to

inline twordhinens onalgey atwagsthetsld eet ian %BBHQE- 1idht moduldfiSr

shown in Fig. 3(h), one exanple of a drive mechanismfor a mrror
el ement SEI ific[Udsd o5 efod TRENBERNEYS , vkl cTrpansser e itdhepenr Patent

el enent SN & LTRANGK, . 0abbLAG: 1 pE! | BaL per pendi cyl.ar
axes in the reflection 20 surfag%%@g'sgg%oggeggggé?%rQB4%?8ﬁhf€h%Hg'
supports thd)r édenamsandad, atobhe ehpetende 4@ rswhioth tace ract angetkon

t he sugpord; SUhstH 2 t rround the rod, nmenber 41, and,
four el ectrodes %%%F%Sﬁo§§?,8§Ei@%§§%%fiHF%ﬁﬁ%hlSRtFﬁng%a? RO+ et
of the m rarespemdingSEd £achngidevef dHN&iZTorowl epkbaet spdes 43. In
this exanple, the spatial |ight nodulator (SLM drive unit 26

controls the potential difference between each of the four electrodes

43 and the correrpodding eéegifise @ e meakosukliamenef skhe; drifdior

el ement SEL L ogtrgk the electrostatic force that acts 30 between
the el ect r&alégeéo 8508 SFngturd 9hdhenereisensr esbedinensmnd amy s

cont i b@oUsItyeeombERRA1 BAemh b Naddon angl e of the mirror el ement SE1
about the two perpendi cul ar axes of the reflection surface within a

pr edet er m ned
Here, the mirror elements SE1 have square outlines and

are flat but are not limited in such a manner. However, from
the viewpoint of light utilization efficiency, it is

15 preferable that the mirror elements SEl1 have outlines
enabling an arrangement that eliminates gaps. It is also
preferable that the gap between adjacent mirror elements SE1
be minimized. Further, it is preferable that the mirror
elements SEl be as small as possible so that fine changes

20 can be made to the illumination conditions. Moreover, the
reflection surfaces of the mirror elements SE1 do not have
to be planar surfaces and may be curved surfaces such as

concave surfaces and convex surfaces.

25 The spatial light modulator S1 is capable of
performing modified illumination, which forms a desired
light intensity distribution that is circular, annular,
dipole-shaped, quadrupole-shaped, or the like at a pupil
position (pupil surface) of an illumination optical system.

30 Specifically, a storage unit 22, which is accessible by the
control unit 20, stores information, for example, in the
form of a lookup table, on the inclination angle and

inclination direction of the mirror elements SE1 in the

12



vari abl e range. The structure of the spatial |ight nodulator Si is

di scl osed, for exanple, in Japanese Laid-Open Patent Publication No.
2002- 353105. The el ectrodes 43 shown in Fig. 3(b) are arranged at the
apexes (corners) of the rectangular 5 mrror elenment SE1 but may be
arranged instead at a position corresponding to each side of the
mrror elenment SEl. The drive nmechanismfor the mrror

el ement SEbaits anot i khei ﬁ@dul@téﬁ%ﬁtH&WaOflle% Efl%ﬁﬁé'it mbodi ment
and any 10 ot her mechani sm may be used. ror

el ements SEFTRAPELIRNaFRABULT | PircHRE ar@nilar, bdupale slotpédmited in
such a ”aQﬂ@Hrumeﬁygﬁapéﬁon5fr%h%:fa OlRt +qf thp&nég%1{%§%}c¥]the

ef ficiency, I's 15 preferable’t e mrro have
outlines éﬁéymﬂﬁgtaﬂna@PﬁwﬁﬁﬂnﬁuSﬁdnuwhﬂm theatlesidaps. 11¢ht shed sm

prefergblqlég@t ngnggpyggpre réﬁ% acent mrror elenents SE1 be

mnimzed urt ‘e that the mirror elenents SE1l be
as small as possible so that fine changes 20 can be nade to the
illum nation cop |t| gechbre ver,, .t.he reflection surfaces of the

mrror elenents o HoT HAVE 16 tHERS| éHSP B0+ FOERLt ¥ d hdy e

cur ved suﬂtghésmtlehsﬂ’Sy C@flclﬂllee iSuriraees iand 1€ gAY eXt SHrdeeas oI e
d

spati al dul at or i s capable of performng nodifie
|Ilun1nat|g gﬁ?%ﬂ f%?m% SR ed freghthpnd éalb t oWFeR 1} Bt itd® t hat

is Cll@ulapataﬂﬂulﬂ@htChéﬂﬂf&@ﬂ@@ﬁdba@%@dBHthg §bapeds o1 dha o idee
at a pupil %o§|t|on (pupi] surface) of an illunination optica
system 36" %F??E%?Wyun%fsﬁ%ﬂ%%$e3@ﬁvtt22f0ﬁﬁléhghE derlesidiudionsy

the cont r@haﬂnéfe 28; r&t d€S ARt 49Ro1E0LL ¢form of
a | ookup table on the |ncI|nat|Sh anng and ?éégpn tlonléﬁgectlon of

the mrrof %P%ﬁen?% ¥ Jikg/h&he control unit 20 performs an

optimization calculation to uniform the light distribution
15 and calculates a corrected inclination angle and corrected
inclination direction of each mirror element SE1. Based on
the corrected inclination angle and inclination direction,
the control unit 20 sends a control signal to the SIM drive
unit 26, and the SILM drive unit 26 controls the inclination
20 angle and inclination direction of each mirror element- SE1
to form the desired light intensity distribution at the
pupil position of the illumination optical system or a

position optically conjugated with the pupil position.

25 The correction operation will now be discussed in more
detail. For each of the'plurality of mirror elements SEl in
the spatial light modulator S1 of the spatial light
modulation unit SM1l, the control unit 20 obtains the
intensity of the light entering the mirror element SE1 from

30 the light intensity distribution in the cross-section of the
illumination light detected by the detection unit (30 to
33). Then, the control unit 20 calculates the light

intensity distribution in the light distribution shape

13



spatial light nmodulator Si to forma light intensity distribution
that is circular, annular, dipole-shaped, quadrupol e-shaped, or the
| i ke at the pupil position of the illum nation optical system when
the incident light has no 5 light intensity variations. When
detecting variations (non-uniformty) in the light intensity of the
illTumnation light at a position in the optical path extending from

the |ight rspregent it thgih0 ppatiiah bigbhe MoUlat ol 3, baRadaan the
detection result of the detection unit (30 to 33), to formlight

di stri but PBRHSCTR HE1 G &hS rdefiogmatanpupapredi pol Ehsheippaige unit 22
quadr upol g; shapethc0mdiiRd 11 o BRACPALT PhatNl e

optim zati %n cal cuﬁ atr} on toau ilfeorg% tEgEI ?g%?{'%‘? s(tfl?ﬁ%ﬁ{llog]ng%Sggﬁg
cal cul at eBiareorelanat iS¥dl iamat tbe angbemanior areledtast tondlhienat i on
di rectd on; P | nt_SE . Ba on. the correcte
incIié%ti%%{%ﬁ%ﬁglgﬁ%t?%Eﬁﬁ'a igﬁ§ F%Bgtégg? T%ﬁf%%n%fgpnﬁn% 120
sends a control signal to the SLMdrive unit 26, and the SLMdrive

unit 26 controls_ the inclination 20 anglge. and inclination direction

of each nirrorﬁ?ﬁg Sty SEf F8ng59ﬁ1Pﬂ%gd€%i$éﬁﬁﬁ4%ﬂﬁhq FREREFEF

di stri butiwel atatien pugile posi tbereoteihendl {1 N8t i 2pticeabrsyst em
or a positiaqgn optically c%%iu%ated with the pupil position. 25The
correcti o‘?‘la‘%bé‘?]d’cl?od:n S onEbe GPECHERBRILEn TR @dr PPropEiagdch

of the plaidiniiatfondligrcdessl, eBBBhSaSELL H: t e s I Jri@hbiation
modul ator_Si of the spatial |ight nodulation unit SML, the control
unit 20 obtANSIREGNUSAESt FhEf 1nfeinahen et ®s g d Hackippsion

el ement SEL-dH0MBQ A ke dni ght-rbit eDshiy: dést r;isb§ | ilaB1ENSna the
cross-section of the illumination |ight detected by the detect i on

uni t (30 tER)Lntementvt Hdskghbusionnie Do chighul dindsnsiayl i ght

I nt ensi tydﬂ@irﬂlﬁ'-itdnogﬂa?et gk 9ot digtr Qﬂﬁéc?%ts%a%% iﬁoé%gt%nt he
pupi|l position of the illum nation optical sys en1u3|n8 th

i nf orlypat | h Wioridd uminglid oat opadgealinsys2@n oas tehednyelti vatliuen dftgg e

.and i ncl '&?}.Iﬂe iQJinr %%te'r%@lgk 888? rq%£r\9£eea|¢ eEngaunrtie%EJtr%rr]l%fto% that
information related to the
would require time for calculation. Thus, the inclination
angle and inclination direction of each mirror element SE1
is quickly calculated.
20
Further, when the light entering the spatial 1light
modulation unit SM1 inclines from a predétermined initial
state, displacement of the light distribution shaped formed
at the pupil position of the illumination optical system
25 would occur in the pupil plane. Therefore, in the present
embodiment, the control unit 20 corrects the inclination
angles of the plurality of mirror elements SE1l in the
spatial light modulator S1 of the spatial light modulation
unit SM1 based on information on angle deviations of the
30  illumination light detected by the detection unit (30 to
33).

Specifically, the control unit 20 uses the information
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5 intensity of the light entering each mrror el enment 3EL.

Further, the control unit 20 obtains the corrected inclination angle
and corrected inclination direction of each mrror elenment SE1, for
exanpl e, though an appropriate 10 m ninization process, such as | east
squares or attenuation | east squares using the inclination angle and
inclination direction of each mrror elenent SE1 as a variable and

the |ight dnnteeskhy16i 86+iHuid o4 r\:ﬂeﬁ%l'lhﬁﬁha'tﬁ!%ﬁn?i%%gt da%éé@el&

shape that is to be forned at a pupil position 1 um nat 1"on
opti cal sﬁ@?eﬁﬁ5§05195r@%%tvé$®é13fﬁ@ ¢or cecicoh bper an¢chimaloes not

use a Fourj.gf ot Lagst ir cal cul atio

Thus, thealﬁcﬁlnatloﬁég%% dyﬁ ({lna F%ngglrecﬁfﬁﬁro te :grror
el enent SEfoirsdqgénckhy @@@Iﬂgeuunit 22 in the Eurmhef awtmwkdﬁutébkﬁu
enteriag L dulatlon unl nes. froma
predetgrnkﬁgdag%%%?%f %%% Qi gﬁgﬁﬁ Pntﬁ£ f#ﬁh% WA on
shaped foﬂngdtaist&e pm©|éngmﬁﬂdevmmuﬂbntbecbhbunzeawhéﬁlEﬂglrﬁﬁht is
system 25 occur in the pl ane. Therefore, in the present
enbodinenfMgg t%%n?¥cﬁ ?ﬁuqléﬁﬁj Shegers £hé- |rRHQrﬁQQ%%¥a§ﬁ8Pe§naﬁe
the pl urabitt yaoh mifrer ¢lemmnt SESEECN cbheespahiatnd i ghyidrodul ator
Si of the s ht modul ation unit SML based on information on

atjal
angl e devﬁﬁ??%ﬁ%o%fzgﬁ§fﬁﬁuﬁIWQF%%9§EP6anBBHtlaer%cté@u§y the

det ectd oncyAttol 36hi® B8)addSReE fdoci%lelcfn_ohhgn&_@é‘t-[@lté’rﬁﬁ 20 uses
t he |nfornat|on on the angle deviation of the il |'um hation l'i ght

det ect ed B)fpHBABEPR R} dhaudinclizatdion3snole ewdrbeelitatiancl i nation
angl e andai bt a1 0N AldiPGhlb b Ob18ACHE ThES 0L SLEEN SR alared Ln

the storage unit 22 in the formof a | ookup ta exanp
when the angker deatvkr iton Aftaime tibel gpirmatted inghinatsidy aﬂgieaa@be

deViatiOncpﬁﬁgﬁﬁﬁ%%grﬂnﬂ&ifgil&f@@%t nrg%lggted by eacqtg%é%o%g}

el enent SE I nat1on angle o 8ach nirror el €met

corr ekt i n§hihecammpget duyicpereti28 ehabhesr ehé eeliramdtiight dfs an0.
Thus, theoptical axis inclination correction mechanism that would be
arranged between the light source and the main body of the

exposure apparatus.

20 In the present embodiment, the spatial light modulator
S1 1s controlled so that the light distribution shape of
incident light is transformed from a rectangular shape to an
annular shape. The light that passes through the spatial
light modulation unit SM1 enters the afocal lens 5 (relay

25 optical system) and forms an annular light intensity
distribution near a pupil position of the afocal lens 5 (and
consequently the illumination optical system) or near the
pupil position. The afocal lens 5 is an afocal system (non-~
focal optical system) in which its front focal point is

30 located at the same position as the spatial light modulator
S1 and its rear focal point is located at the same position
as a predetermined plane 6, which is indicated by broken

lines in the drawing. Accordingly, the light entering the
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10 control unit 20 adds the correction angle -0 to the information on
the inclination angle and inclination direction of each mrror

el ement SE1 stored in the formof a | ookup table to obtain the
corrected inclination angle and corrected inclination direction of
each mrror element SE'. 15 This correction operation enables the
elimnation of an optical axis inclination correction nmechani smthat

woul d be aprangedl bghversadherdd gt SRULCanaRANLDS, ”fié‘h@%}‘teﬁ{s e
exposure apparatus, 20ln the present enbodinment, the spatia |glht
nodul at or 9SPEFEPRBHER R T eth e Pumiah poisd tipghefdiBer abecabnletmfe asfd

i nci dent  kisgPheh Sehi @ASH OF P éﬂ@@f%crag(:&eﬂg%%sfggﬁfl%a@a@w' ar

shape. The |ight that passes through the spatia Ion
unit SML enters the afocal lens 5 (relay 25 optical system) and forns

an anngl ar |ight_ intensity -di [ i.gn_near_a pupil positiqn of the
af ocalyl ens 5 (ia%dé}ﬁ:o selqé/uaelntqsa;trq %égttlwg ﬁmanéf?%ﬁ ‘gepl?si cgaﬁouspyg’taer?)ndor
near the paprlleosigrom Shefaftdealfbeas Sehs B af eoalcslysis@Mon
(non-foca iC syste inwhich its front foc point is 30

| ocat ed a%ygﬁ%ms%n’e leofsjﬁrqtoncyags”’tdcﬁé%éatl?ﬁ? P?bﬁté’j‘%boacﬂ%taors%onéjnd
its rear tptahdpbiall lend quaitredBtarkher$afBefOst tdPMESr &he pupil
predet erm ned plane_6, which is indicated by broken |lines in_the

dr awi ng. R85%‘F£‘?%g‘?’§/,t}i%elj1jiwa§ﬁf’é‘r PHBlFﬁé S¥peRT af 1 gihte Ad@litat or
Si farors asuat@uside) i ght intensity distribution at the pupi

position of the afocal lens 5 and is then emtted fromthe afocal
lens 5 as parallel light. 5In an optical path between a front |ens

group 5a and reargl ens IL0URHaR A9 ot Q?a@i&ﬁaéhév&ggg The £LAiGal

axi con system 87, a first cylindrical léens pair and a second
cyl i ndri c3¥1F¥hsSYHiam &Y ard ighr 48gedranged aleser thempupid puedilti on
o e b emL o, i Sk aCRLEIY BADE, 1 vcd 1 i
g 15 axicon system S%Jincludes fgom the light source side a first
prism 87a and a second prism 87b. The first prism 87a
includes a concave, conical refraction surface {concave
refraction surface). The second prism 87b includes a convex,
conical refraction surface (convex refraction surface) that
20 is formed to be complement so as to enable contact with the
concave, conical refraction surface of the first prism 87a.
The first prism 87a is arranged so that its planar surface
faces toward the light source side and its concave, conical
refraction surface faces toward a mask M. The second prism
25 87b is arranged so that its convex, conical refraction

surface faces toward the light source and its planar surface

faces toward the mask M.

At least either one of the first prism 87a and the
30 second prism 87b is movable along the optical axis AX so
that the interval between the concave, conical refraction
surface of the first prism 87a and the convex, conical

refraction surface of the second prism 87b (hereinafter,

16



axi con system 87, which is arranged at or near the pupil position of
the illum nation optical system The conical 15 axicon system 87
includes fromthe light source side a first prism87a and a second
prism 87b. The first prism 87a includes a concave, conical refraction
surface (concave refraction surface). The second prism 87b includes a
convex, conical refraction surface (convex refraction surface) that

20 is formedetrecheteonpl eRENInEOr-AS 0F emablengentagk; whhhsyhem 87)
concave, conical refraction surface of the first prism87a.” The first

prism 87asVAFFaRgEd SO tha&tt4tes 1pl Hharhstike aeentaices qwviaad t he
light souncersidecAnduiiscCoNeame: QUNCRl-1LGf Bagt 5@8 SHLT agg d.aces
e

toward a mask M The second prism 25 87b"is arrang so that 1ts
convex, cGRPEGRLr epfaeEt ben st fodcédet smerddt heibinghib soug cier and

its plana gurtacgifRCESH O t M., AL_ Least _either,.one of
the first C|8ri sm 87%'1 and Ct;]{l1e éi{s’er(}glneg%%?ﬁslglrahlB%#?ggn% AbTe E?’;{fong t he
optical aXiscakoss ahat Pplend masraldlelbefiatenahbedcescave, a tfuuican

refractio c e fjrst prism8 nd the convex, conical
refracti o%négﬁ gcgeg{m%%%ysielc%ntd s %gﬁg( ﬁﬁrgf’ﬁﬁ?%e}w A T Yed to
as the inflengahroiyt he, comnicalwiddl Gen deysir-emed7)atsrvarakher, | fhan
state in which the concave, conical refraction surface of the first

pri sm 87a°5RA* Fhe % ohlV xSt BhiTalCPerrdc FRERASHI PACERIHFA¢h e TS ddnd

prism@7bfarsti prbsaoslAcindv e ereRetl hebnithe coni st SXi KL Lstem
87 functions ﬁs a pl ane paral|el plate and does not affect an annul ar
secondar y°Fi Gt SBurPRe RAA™M & Hrolthed CBpigaki BrbCPRNBYFS®YB 0, whi ch

will be desnetbefls|as ef . sdiavemely pahen28RABEL N dE-LQRG]Yeyhen
conical refraction surface of the 10 first prism 87a and "t he convex,

coni cal rEFFALEY PSR! HrhdDgecondcpli a1 8Th, sysiesre dHi c 4lhe
axi con sysghemédt fangtd as @as qi@@ﬁtcék’tggi}?g&m@ ?@@&E%L,éﬁ%gf dpngly,
ax fem 87, the

when varying the interval in the“conica con sys

i nci deht  &ngVeieh inelndignteshierithg bhekpnetiéter i neth pllane sl5 6,
which is ygdigated by the broken line in Fig. 1, is varied. Fig. 5
i ncludes draw ngs illustrating the operation of

Fig. 5 includes drawings illustrating the operation of

the conical axicon system 87 with respect to a secondary

20 light source formed through annular illumination. Fig. 5(a)
is a drawing showing an annular secondary light source 130a
that is in the smallest state in which the interval in the
conical axicon system 87 is zero and the focal length of a
zoom lens 7, which will be described later, is set to a

25 minimum value (hereinafter, referred to as the “standard
state”). Fig. 5(b) is a drawing showing an annular secondary
light source 130b formed in a state in which the interval in
the conical axicon system 87 is increased to a predetermined
value (the focal length of the zoom lens 7 is invariable).

30 The width of the secondary light source 130b in the radial
direction (a value that is 1/2 the difference between the
outer diameter and inner diameter, indicated by the double-

headed arrows in the drawings) is the same as the width of
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t he conical axicon system 87 with respect to a secondary 20 |ight
source fornmed through annular illumnation. Fig. 5(a) is a draw ng
showi ng an annul ar secondary |ight source 130a that is in the
smal |l est state in which the interval in the conical axicon system 87
is zero and the focal length of a zoomlens 7, which will be
described later, is set to a 25 m ninmumvalue (hereinafter, referred

to as the thet aadaﬁdasyale Bt Sh@rcdPod Sna tdeavhAgaSheM-EG: fh .
annul ar secondary ght source 130b fornmed in a state in which the

interval i ePhénE‘éﬁF &9 ke ohnsSiStadmigy the icreieasedxieon system 87
predet er meReg %@EQetétQS%féﬁé%efﬁ¥HHJ1ﬁyiu%het%@oghkggsdgéééﬁsr an

invariable). 30 The wid of the secondary |ight source
radi al di rl@élleﬂfoﬁlfﬂaevgr uef tHeg dnpuljex Seeodidpiyr dhglt b@@m aare be

outer gi a%ﬁ?@a@@@ EPOGrclh a%z?c{ard ndigat %ﬂlg%{;h}nginggﬁr?ine eaded o

arrows in the drawings) 1Is sane as the w condar
| i ght souﬂ’@élagoaldhht@n@ tiali aminuliare ceicomdavfie i ightr sasiog ddeche

interval it grgom:g@ a>&|ha n, sys%ﬁm 5%%%‘??051{??0@{ g%/a pre%gterm’ ned

val ue, the outer di aneter "an rhne econdary
| i ght soufcectaonbetd vancy etasaedarfmﬂmﬁ ratsbandandrsasimetdr | £ outer

mai nt ai ni r&g thg ﬂme radj al %Nll%ﬁ t he annul ar. secondary lig

source as FTRECSERhAATY %Jt%ete OUfTAt C%lémettﬁé cBhi E&f %@(?%‘H??@&ét%%?
functions sbarvaryitheuanthdmgind@tdhe aanan dhanet 8f {nOUWSluidianet er)
and si ze %out er,_di ter) of the secondary light 10 source w thout

changi ng CRECPIAFAI L 4F Rt I‘F’Qﬁrocehe annul ar secondary |ight source. Fig.
6 is a schematic diagram showi ng the first cylindrical |ens pair 88
and the second cylindrical lens 15 pair 89 arranged in an optical
path between th&*%rchtig ®§C§W@§l§adaﬁﬁrﬁ@aﬁh@@¥m g‘ﬂtmpfl%?tof t he

af ocal |e@?l§ndf§céﬁ“@@hé'béﬂﬁ3886anhh%hg'Eé&oﬁ A& cd1engRai 1 88

includes fromthe |ight source side a first cy rical negative |ens
88a, Wwhi cR2hEsS faFrangamlisy aregatiieelr efatlacbev@emmw ifrant20 eYiE

pl ane andg?@uﬁegé aghd iR NOWRIL J 1,30 X¥),P @ng eaggoc%lflle% %yll dri cal

positive ens 88b, which has positive re rac I on power plane
and no refhaeriie Diowverd.i riben XY spl amélnafhecsbcbsmls qyalmmd?ra QaJJcllueLQS

pair 89 i f10 ht ur.c rTgease ond cylindr.i
negati ve gé\%ed@g Ivér;H hhseofg Sl% of g)%a | 8Y LR T Ve &8’“ \}(?ns
power in &&aXWlpicaindlaamd froor reedam@(iél,vaegamEvel fefrath plapdweandnaa

seco cy |caI S|tiv ens_89b, ch has_posjtive refraction
powe?jol n g% B&A"pef ane 5h°dr gfrragftrlé{f?t Peﬁeﬁo{hﬁra? nxg REANGpf8d @ first

cylindrical positive lens 88b, which has positive refraction
power in a YZ plane and no refractive power in an XY plane.
The second cylindrical lens pair 89 includes from the light
source side a second cylindrical negative lens 8%a, which

25 has, for example, negative refractive power in an XY plane
and no refractive power in a YZ plane, and a second
cylindrical positive lens 89b, which has positive refraction

power in an XY plane and no refractive power in a YZ plane.

30 The first cylindrical negative lens 88a and the first
cylindrical positive lens 88b are formed so as to rotate
integrally about the optical axis AX. 1In the same manner,

the second cylindrical negative lens 89a and the second
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30The first cylindrical negative |lens 88a and the first cylindrical
positive lens 88b are forned so as to rotate integrally about the
optical axis AX. In the sane manner, the second cylindrical negative
| ens 89a and the second cylindrical positive |lens 89b are fornmed so
as to rotate integrally about the optical axis AX. The first
cylindrical lens pair 88 functions as a beam expander having power in

the Z direstiiediriaad bbeisesontegy!dardcalsdrers Bai hs88.5r-E4pet i ons
as a beam ,expandﬁr hayi ng Eower in the X direction. Further, in the
present enPSEIFEnty eReUFi FRe epticalr idls Pérs Pae rfBsstamy tindsisednd
cylindricalersepaipabt 89nateos8tad & havs: $a dingly,
the Iight ter?ast lij)pz;sses.t hIrlougcr)l thae first c%ﬁdr?@apgl\/}g% Qg‘l&% 818{'10
and the séd6nd E}FpA8iPRal an@nshpaigcssl ioyldubirécaédlensapair 89

i Tecton Sid X dbr 8t Fone “He 1O (i DESEETt AP obgh The af ocal

direction and X direction. The a ses t hroug
| ens 5 entddrsctionhe Bwdrhdmnsin? thehpechseati esbodianentyaltte fihet

pr edet er mi ¢ 6..s.located, at or .near the front .foc oi nt of
t he zoon1f§ﬁgn$%§§%é %%%Sn$c%%f%%ﬁ¥“§F¥§ySf6? Fgﬂlﬁ?F+C%L Tribed
| ater, ispairafi§edratset neatiatdeleasancopalepl. amec@rdiigyizgomheens

7. Thus, the,zo ens 7 arranges the 20 predeterm ned_plane 6 and

t he incidgﬁgg%sgg%gcga%?e?h%hﬁgﬁﬁbjﬂﬁh§1§FFa§yi6n961§®55%%ﬁﬁiEﬂ%%/88
sati sl amndptheakeEondi €yl it@nsd-Or mangl %%iiQnSbi Ps aggb%@@@@&uﬁﬁtal y
arranges the ggg%l gositign of the afocal lens 5 and the incjidence
surface of*®fh FOOT efst et AP sip e & rtgBnEREI FHNDSPWRT TiGER dedhaniZ h
each ot hegirlecordi aglyx dirddei ssane manner as the pupil position of
the afocal lens 5, for exanple, an annular illumnation field is

formed about the optical axis AX on the incidence surface of the
micro- Lgplsegr Ir ﬁ'Yhé-Oli&m? talH [ s2RaPenebub e AONMEAL 1 [ 4HE NAtd QL o

15 the zoom lens 7, which varies the o value. The predetermined
plane 6 is located at or near the front focal point of the
zoom lens 7, and the micro-lens array 10, which will be
described later, is arranged at or near the rear focal plane
of the zoom lens 7. Thus, the zoom lens 7 arranges the

20 predetermined plane 6 and the incidence surface of the
micro-lens array 10 to substantially satisfy an optical
Fourier transform relationship and consequently arranges the
pupil position of the afocal lens 5 and the incidence
surface of the micro-lens array 10 to be generally

25 conjugated with each other. Accordingly, in the same manner
as the pupil position of the afocal lens 5, for example, an
annular illumination field is formed about the optical axis
AX on the incidence surface of the micro-lens array 10. The
entire shape of the annular illumination field varies in

30 similarity in a manner dependent on the focal length of the
zoom lens 7. That 1s, the size of the secondary light source
(planar light source) formed at a position optically

conjugated to the pupil position of the illumination optical
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30 simlarity in a manner dependent on the focal |ength of the zoom
lens 7. That is, the size of the secondary |ight source (planar |ight
source) forned at a position optically conjugated to the pupi
position of the illum nation optical systemby the mcro-lens array
10 is varied in simlarity in a manner dependent on the focal |ength
of the zoomlens 7 while keeping the anount of the illumnation Iight

emtted fg@mdingy agRr milcgbt-18a4r £erdy sSUPStaARtd@ldd 160RSHANLriBy in
Fig. 7 includes drawings illustrating the operation of the zoom|lens

7 W th resgeanal deperseasngar fhei §pgak otirE R Grinddrehyzorre 1aRAUY ar
T um natjpn.e Ede%pl%a)ch'es aﬁoghé%f‘gtﬁé‘%ﬂgmtxﬁ} %”li' Elts%ﬁ?eféé&y

| i ght source 130a‘that is orned 1n the st and Fig.
7(b) is afzhmaviheg lsisewi Agohlh aanotarl mﬁmahlg/htcom@ané 130c t hat
is foymed in a state in which the focal |length of the zoomlens 7 is
increased to a predeterm ned value (the interval of the conical

axi con systen1$igis7inmaﬂhdbbedraﬁ&ﬂggrjkkpsurdﬁumg thé apa;aandn7éb)
when i ncreasin e focal th of the oon1|ens he m

Val e Lo SR dFmeda Lo TP Ret sy Assconag, F P SeBtrte
130a is tf@m@]‘d)wyedhteOahhalsecmmdmynétm s@tgce713Pcidya gty ng
the entir shape t he annul ar secondary |ight source 130a in
simlari tﬁ(}%%ﬂ REBPIAG PRECATRTMLIBING 19HFath @ﬁ‘ thght 3

substiant i ddneCamstart sthRakrisstahe, zoamiens 7dungt koagakonyary
the width and size (outer dianeter) of the annul ar secondary |1 ght

source W THOUL REn gAY 1BRe SERATAAFY rut Il cfoutse diG &Pakeddndary

light soufGenedhe i @hbrkhah pASSES:KS fé&ﬁug&r{&% Ze0mnkensod EoLers
a beamsplitter 8. The |ight reflectedelc%f| the beamsplitter 8 enters

a CCD i mabiify imsivcagefdépredt Popdeke ¥inctherada® i (FGi ﬁ@tﬁﬁi\’ﬁl90§e’ﬁ1@|%
an i mge signal tagltc%% g%rtg@etwnié ariihRgam §8Eé£ Wi gh s

arranged 1 n an optlca pat h ween the spatial |1ght dulator
and ilor adi @ledndl ar®) /i whahsoncetesingl the dcai dpmigtal O§athe zoom

b anchl ORI LS AORIES- e ST O DR WEIGRAGD, LA
acqui si t iamulaizt secondary llght source 130a is transformed to the
secondary light source 130c by magnifying the entire shape
of the annular secondary light source 130a in similarity
20 while keeping the amount of illumination light substantially
constant. That is, the zoom lens 7 functions to vary the
width and size (outer diameter) of the annular secondary
light source without changing the annular ratio of the
annular secondary light source. The light that passes
25 through the zoom lens 7 enters a beam splitter 8. The light
reflected by the beam splitter 8 enters a CCD imaging unit 9
(detection unit). The CCD imaging unit 9 sends an image
signal to the control unit 20. The beam splitter 8, which is
arranged in an optical path between the spatial light
30 modulator and irradiated plane, is also referred to as an
optical path branching member, which branches off some of
the illumination light from the optical path and guides the

branched light to an information acquisition unit.
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The light that passes through the beamsplitter 8 enters the
mcro-lens array 10, which serves as an optical integrator. The

i ncidence_angle of the Iight entering the mcro-lens array 10 varies
in accordance with changes in the 5 interval in the conical axicon
system 87 in the same manner as the angle of the Iight entering the
predeterm ned plane 6. The micro-lens array 10 is an optical device
formed by a matrIbe ofighplun=al idayset d8psehY ﬁ;é a@%erg %El%rlt%elre%ses
having positive refractive power. Each micio [ens of tte _ o
mi cro- | ens®BFFEY 4R iFiRIdens raerandll avhicbssesest jam, anvipticag i n

imlarityim sh : L1 um nat | fiel.d that is.to pe
fS :);nmegr Ionyi'L ﬁgé%ﬁ(&M (@&pl:% gg?aggrﬁ%gnﬁ%@b&e@incrhreaglé’lh%d egFeannY Ehe
i rradi at ed®pFareleng cHzeq Udhtviay L eshénshaperddndd ey exp agisgeseghORhe

i S to; f.er .1 ._The light_ entering the
ﬁn’hgﬁ ol- %engllg%%‘?félrlrglq} g&de? vc%%%é%a V\K%?%\IL?T%HEY%JH%ﬁ%p by tHhe Fedearrayesf
micro | ensagothss angifeorah dthea ligat éﬁ’cai:i@@atﬂﬁe (I?Mg{‘lgl:elﬂglpgage
i i nati i) secondary | ight, source having gen
Islalml;n} ] Sh't S &R %F?Sﬁfsgstﬁﬁ}!ﬂ |ﬂ£ﬁ?~aﬁrbr?9rtiléﬁa ferree Byruerd 2o a
|i ght ent enatgimict @ lpAnsaatitgy otOdeh bdly i Srrdh %@&}%ng%t

sour ce, ich is forned by a substantially annul ar planar
sour ce elivmeanV i1y POt VEn & S pRFEAY S aRPée X, Bach micgpnkens mof hghe

presend exaindce-lidhes magleyMibogatedios An-dLyadiated cgloggesi?%tion,
i1lum nated by Kohler illumnation, the 25 plane on V\A‘_llCh ChI's®
secondary "Yqu(jﬁ’[ Sodfc &M A5t hgavish ati aﬂi@mmmg@eelmumlaatl?zlu |
apertur e stioq obftohe 18 hesL 25D Gl Ay SEap BL and can be called,
an illumnation pupil plane of the illum nation apparatus TLT—™

Typi cal | y,°& HéTediadrd: ea pRaher{dirr ey ariene) -whi cdm:té@eﬂﬁ(ﬁj]l@,g/lﬂr@nes
arranged a6 biethur bagsson WiLeld NS, aler Wi arranged) becopr:
an optical Fourier transform plane w th respect _ _ at

pupi | 1pl affe.- THee plipght i enttersingy tdiesticbut-lonsi sreay i ghtid rtiensicdy

diStribUtE%%“a@mgﬁgibhgyf}n@§iéﬁg[%ﬂﬂéality of micro lens so as to

form at a rear focal plane (consequently, an illumination

pupil) a secondary light source having generally the same
light distribution as the illumination field formed by the
20 light entering micro-lens array 10, that is, a secondary
light source, which is formed by a substantially annular
planar light source extending about the optical axis AX.
Since in the present example the mask M located on an
irradiated plane is illuminated by K&hler iliumination, the
25 plane on which this secondary light source is formed is a
plane conjugate with an aperture stop of the projection
optical system PL and can be called an illumination pupil
plane of the illumination apparatus IL. Typically, the
irradiated plane (the plane on which the mask M is arranged
30 or the surface on which the wafer W is arranged) becomes an
optical Fourier transform plane with respect to the
illumination pupil plane. The pupil intensity distribution

is a light intensity distribution on the illumination pupil
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pl ane of the illum nation apparatus IL or on a .plane conjugate with
the illum nation pupil plane. However, when the nunber of wavefront
divisions by the mcro-lens array 10 is |arge, an overall |um nance
distribution formed on the 5 entrance surface of the mcro-lens array
10 shows a high correlation with the overall intensity distribution
of the entire secondary light source (pupil intensity distribution),
and, themdfamee oft keel néhpmm@bmm t3PRAE TS JLi efs oBnat héakat r ance

surface %ongﬁgﬁg%c E9thehfe 1919%15@/&1{:-[00@%&& d18hane Igﬁmx}é%t Qndnt h

t he entranc ace can also be called pupil "I ntensi

di st ri butihensumBemc efnivage Sucht ndivisians bar thy tdcrpelenenzerzant be
made to U . S.. Pat. No. 6,913,373,.and U S._.Pa | i Lon

2008/ 007i€3f.ar'?ﬁé rarllncf)?)f§3 %]2% Jgffmrl%lri/arlcbe cagtns)CB‘heltbtu g@%dkgg}&égr%wtfvs eye
15| ens. B rdangbt shirdacehef atinel micsedendarae daiyghd sbhuwseaflotgied on
the rear focal plane of the mcro-]Jens array 10.passes,through .an
aperture%&ﬁlf }Oﬁh?’&%hcg eb‘é"%ﬁ?]la]ng]é'&eﬁs% gﬁsﬁéégu{:ﬁgnr r“F%cal
pl ane (erdnksiren sléb@ﬂ@)ar?fliﬁﬁt g Sukcd efsuAr ayntddsithe aperture stop
12 is formed, for exanple, by an iris stop or the like that limts
the size OB-fSttrH@u§é€8hdaF‘9driéh?r%@flﬁ%'e 46t tddhén 1RRENEEEY focal pl ane

of the mproiens idhta%nlink Ocf PLEACIRIMENRA oF 28e HHBrbLObhs beans
25 that pass through the aperture stop 12 passes through a beam

spl i &Per argazndOaapenaensePlrascaATRE MUtNIChEL BBTEABSKSBT T3P MB
|0 8 SuPRATRAsed ARRAgieg e 11 O e LRl BE AL I phReohgam Rl ddi gl

passes through a lens 15 and enters a photodi ode 16. e phot odi ode
16 sends smaletéctricodesisgaarayolB0 tekexsymea ¢lanuiet made ThelpRanyat.

splitter 14, Lgh.ks a nged i h t.d cal. pa b

spati al Il\ll%ghtGV'\,{r%gtﬁIBZt%brgéﬁdgigia%éa’t gA%lac;agc,lolplshgl'sgbpg?g(r)?%;?%b as
an opti cahepatiltrbr-drcki agragnbercamtbe b cmarclresiofd Sopesoéye he
illugination Iight fromthe optical path and gui des the branched

| i ght->t 0 &A"5i'nf or mati on acquisition unit.

The light from the annular secondary light source
formed on the rear focal plane of the micro-lens array 10
passes through an aperture stop 12, which can be arranged at
20 or near the rear focal plane (emission plane) of the micro-
lens array 10. The aperture stop 12 is formed, for example,
by an iris stop or the like that limits the size of the
secondary light source formed on the rear focal plane of the
‘ micro-lens array 10 to a predetermined size. The light beams
25 that pass through the aperture stop 12 passes through a beam
splitter 14 and a condenser lens 17a and illuminates a mask
blind MB in a superimposed manner. The light reflected by
the beam splitter 14 passes through a lens 15 and enters a
photodiode 16. The photodiode 16 sends a detection signal to
30 the control unit 20. The beam splitter 14, which is arranged
in the optical path between the spatial light modulator and
irradiated plane, is also referred to as an optical path

branching member, which branches off some of the
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A rectangular illumnation field, which is in 5 accordance with the
shape and focal l[ength of each mcro lens formng the mcro-Iens
array 10, is formed in the mask blind MB, which serves as an
illumnation field stop. The |ight beans that pass through a
rectangul ar aperture of the mask blind MBis subjected to a |ight
convergi ng operation 10 of an imaging optical system 17b and then
refl ect edibyunifefi@ctihyniadod the bptithumaet eald fiieRerin@osi ng
manner the mask M_on which a predeterni ned pattern i's fornmed. That
is, the | FEYPPRCOPtiEd ' Srednfrpresing andthebel BF UHeE r ect angul ar
aperture in the mask blind MB on the mask M 15 which is placed on a
mask stage MS. The laser |ight source 1 to reflection mrror 19, the
CCD i magi ng uni® srtanedlzy, idddmipetspat fieldi gitiagrod d4mi on unit
SML foym i ] i {i S e T- ightet S
througi tﬁgcgéééégﬂq%ﬂﬁﬁﬁgﬂhggébﬁl%ggngb%ggépgg%ﬁgpﬁaégg%#B?%%%nask M
on the walers \Joxingh tihe anighrot-dsensatiae BUbsty aftermdd inhithenmasér

the pattern, e S i.S _sequentia exposed ont.o, each exposure
regi on ing?ﬁgiﬁggk ycﬁé¥%gyﬁsngsb3PcﬁR%§% %%ﬁ%?QHé%§%ﬂ1s §pexp£§%re
whi | e t wol tjnte s aowea | ha td piawe- carbughl & ngettenywiifeetr Yot uadewaffehe

stage W5 in_a .plan at i s aqrthoqgonal to, the optical, axis AX of the
pro?ectidﬂa aniﬁérfgbgfﬁﬁnﬁﬁ?ﬁeFﬁegh oeipﬁﬁﬁﬁ% o T b GPeFﬁégon
presert esbogh Matgind) dpte caankkeketni tb 20hdedieat S-dM dpredeber gi ned
time intervals the light intensity distribution (information related
to light ¥ 543p &ngrfﬂrb&ﬁ &R) li%—u%%a*b%pw GRS TGHPOE ipFemanner
P hum natign il 0gl o3y sthenok BreestéifnaPtpLdlddh is formed. That

is, the imaging optical system 17b forms an image of the
rectangular aperture in the mask blind MB on the mask M,

15 which is placed on a mask stage MS. The laser light source 1
to reflection mirror 19, the CCD imaging units 32 and 33,
and the spatial light modulation unit SM1 form an

illumination optical system.

20 The light that passes through the pattern on the mask
M forms a pattern image of the mask M on the wafer W, which
is a photosensitive substrate. In this manner, the pattern
of the mask M is sequentially exposed onto each exposure
region in the mask by performing batch exposure or scan-

25 exposure while two-dimensionally drive~controlling the wafer
W on a wafer stage WS in a plane that i1s orthogonal to the

optical axis AX of the projection optical system PL.

In the exposure apparatus of the present embodiment,
30 the control unit 20 detects in predetermined time intervals
the light intensity distribution (information related to
light intensity distribution) at the pupil position of the

illumination optical system or a position optically

23



conjugated with the pupil position based on the detection signal from
the CCD imaging unit 9. Wen the desired light intensity distribution
is not forned at the pupil position of the illum nation optical
system or when variations (non- 5 uniformty) in the light intensity
is detected in the light distribution shape; the control unit 20
corrects the optim zation cal culation, which is perfornmed by the
control wurdjwRatddmwittdhe thec bupal i e6s ainighre rukd Gl ithat demedttent i on
of each mrror. el enent SE1 _based, on the qiteﬁ ion resuylts qi fo t he

t i % %

CCD i magi T 582 it 5%, 1RBPLREpdet 't i tal MPeRbE8EdRH ight
det ect i oni et ittsy ofistha peERohMagi At Ui drfe B2 taRthe3Puptinepesnt £ 6h
unit 20 perfornms _an optim zation cal cul ati on so that phe,Fight

i nt ensi t yPhddtred JinGtHrrn oPheca} ghrSER® G BlnSrovaghabécBn (RN~
pupi | spl ang frrdihs)i lilumnaat i gnt 15, 0ptd ca) i%/%e%@ctléamg)ﬁeeheam%we
el apses, changes take place in the optical characteristics of the

i |1 um natdict ognitdan sypemn tiai comeyok agilt 30 adrgelcitghthent ensity

becom ng i min,_t ! i i but i ﬁggg i
position(ggﬁﬁﬁgaﬁﬁgﬁh?ﬁépﬁéﬁkgg%fg%ﬁféés#% ccorg%%gl§23288$E%Ol
control umiitt 20,cdoredths tihelopaimwzadnaie cald ulnatliion thasedipact hen
detection sresult af the i i unit 9. ,Then, .the.control . unit_ 20
20 st 5 tHe S FHEECon “AROrE atiL AT hat] S Aes et RRor eauthe o
mrrdo elwredcCiSEhddinaughitbe3zosn@€ci®d tptenspatidhcanl ¢ulsdds«ah on

based on the t ect.i on 25 sul ts,_of e CCD ., nmagi ng units 32_and 33.
Based on 1R CRHCAted FROPLEAL PEnE St AMPIE AL Eon 2dR et fon.
the cont ritle Wordtrdl e@ntr QbSpbhRto Sh £ | Mt iAo 4Gt @agenl kel ok hso
inclination angle_and inclination direction of each mrror_ el enent
SE1 and fd1ah tHhe deditedPFPAL Y REFIMRA i BH BT s HEp &Gt LERBE pupi |

posi ti on pifsthigutiloaMshabie0Bn0phé Calhp SY S 1RMO A thesiithani ARt Al | y
conjugated with the pupil_ position. The exposure apparatus of the
presé t SR SHemYSds8wn However, as time elapses, changes take place

in the optical characteristics of the illumination optical
system. This may result in the light intensity becoming non-
uniform in the light distribution shape at the pupil
position of the illumination optical system. Accordingly,

20 the control unit 20 corrects the optimization calculation
based on the detection result of the CCD imaging unit 9.
Then, the control unit 20 adjusts the inclination angle and
inclination direction of each mirror element SEl through the
corrected optimization calculation based on the detection

25 results of the CCD imaging units 32 and 33. Based on the
adjusted inclination angle and inclination direction, the
control unit 20 controls the SILM drive unit 26 to control
the inclination angle and inclination direction of each
mirror element SEl and form the desired light distribution

30 shape at the pupil position of the illumination optical
system or a position optically conjugated with the pupil

position.
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in Fig. 1 is arranged separately froma novabl e exposure stage (wafer
stage W5), which holds a processed substrate such as the wafer W A
CCD imaging unit 39 (detection unit) 5 is arranged on a neasurenent
stage, which supports various neasurenment menbers and sensors. Based
on light that passes through both of the illum nation optical system
and the projection optical system the CCD imaging unit 39 detects

the |ight lnte&%btﬁx§b§h£éb§§pé¥héﬁstJFEH%%Dp&eggﬁttbﬁﬁo@lmé&ktéﬁbwn
illumnation optical system(projection optical systen) and a

posi ti on igpthical ly i6oAFugase W@W@Wﬁp qm BoSOVRBACaREPRBAER  he
det ecti onresul bkt E%aé@”%é?' Mﬁ‘ié %'c%)égﬁ{it s%s*&P&t&CD

i magi ng unit 39 enabl es Correction uen es resulting from
opti cal Ghama@@eﬁhgtwefvarWatmoﬁ§D15m@bangounmt 38 {defeecingys emiitn

the pgojectign %%Sdc%h iyﬁégéﬁ‘ﬂfe%%l 'ét:]ao L Lonling | PBB&QQW&&&P&'CG"

system chfa magli ng uni | oseé
Pat ent Amdasmatem@nthbinbeasl and Noen 2008/ 098@@'67on Ahlcﬂxq:)dsha‘ce passes

apparatu |ncI urenent stage i§ disclosed 0 for
6. H R kaE” DS Hh e B By a0 AV RGN 1 104 35900,
The CCD lpmgjlewl@m bpalcamggy@teémwme a@ud Amalkahh ththe9pdan@w@lwde

16 and the ing unit 39 when 25 necessary, nay al so, be
referred ¥¢ é&géﬁ %Pﬁéf?tﬁﬂ%ﬁﬁﬁﬁ%ﬁ%QQn?QM%hF RHPLH EEEHY+%% of

i nfonpatiwgr rehakedatochheptight ipw@nsi (t@d:o%'e%ttribh%pemcai Ng § $em)
exposure apparatus of the present enbodi nent, 30 the inclination
angl e and@ich@ PRALILARNIPPEEERbHY FOBHIGR Ific Mdithe tBReREPE A PRRLEHAR i al

| i ght modylatehgswheha@btat isn thes desidedd ahchBiensity2o0. The
distribution at the pupil position of the illum nation optlcal system

or a posiemPdeynepti eal Fecorp u?gmw@mqmtt BE gogPlepospriontion of
adj ust ed ?&1}11%%% t'r%é@cm cgﬂ %%%%c‘agr&t;%lge%gfiéf’{bns
nlts 3 an h

results o I magi ng I'n conparison Wt
whenldet édwEitngcche ESgh@ménebaﬁsaw:dlﬁﬂmiMUKU@ntapnthethQllsEBtem

position ;of Ll Lun BéO{‘ rfaaél Srysﬁlaecmc%ﬂd al gyl atdn Jeh d ¢ h"ccn
I nc C

opti cal ihclfinatTon angle an F diTec on of each mrro
el enent Sﬁmgungthel$p39|ah 41 gitosmtiul atrorex8imphias ednot. shereemmtlon

result, e.i.ncli.nation,angle a i j natd. irection of each
o cibmaEeai iR BB S0St Sl ifo | M RINACT SR PR THHE T <
enabl es Tal@@ad&ilul’sednbﬂ.ghing n$edtsi 4 Yl Siddnufti eRabe be @ﬁ.§ci:lcyséd),r med
at t 03|t|on of _the |Ilunlqﬂt|on Q tlcalpgéitem

pOS|E$on Gﬁtl 2Py Ce onPugAR L IF tRY éxﬁﬁb aL5HE| lc?%%?%e¥° t he
| i ght inti@nsiskyodi.stribution at the pupi

The CCD imaging unit 9, together with one or both of
the photodiode 16 and the CCD imaging unit 39 when
25 necessary, may also be referred to as an information
acquisition unit which acquires information related to the

light intensity distribution.

In the exposure apparatus of the present embodiment,
30 the inclination angle and inclination direction of each
mirror element in the spatial light modulator, which obtains
the desired light inﬁensity distribution at the pupil

position of the illumination optical system or a position

25



15 position of the illum nation optical systemis detected at
predetermned tine intervals. Based on this detection result, the
optim zation cal cul ati on, which is based on the detection result of
the CCD imaging units 32 and 33, is corrected. This ensures accurate
optim zation calculations 20 that are based on the detection result
of the CCD imaging units 32 and 33. Accordingly, nmask patterns may be

exposed i api ¥l Bf Scomfuya i gh thesabubhpni apsk satdrsf add Q¥ usted by
throughput. 25The above-described enbodi nent uses a single spati al

| i ght nodbrat REiIMFRVER cRlsudpiippybased pait i Hhe |dgjirctoduirassis Smay
be used. Arnpgl fdEat s Reiaspkyr gt ysof (spatial, L | &t Qf S
w |l now be describéﬁ&%g;ﬁ? reﬁefeggeg#o Fig. ngéo : bﬂBgE?gQHS .
shows a spaed alleteghmaddg diligbi Gnkenshby adistwfdditdtont la¢ pbsi rupml

where £ h i i LB _unj i Q. 1-0is.
Iocaté%,e%ﬁ£$%i§%(+%g?ﬁ%qgg##gghegggthﬁggéﬁéé%ﬁgﬁgnﬁggﬁfgéfﬁgFg%ng
and t he atlbeabprtiersl Sndliigat8oshenglenhydt hecbiptdtcialn pdtdechebtweefl t he
beam split 3. and the afaoc | ens,. 5. 5The, spat.al,_ i nodul.at i on
unit SMV2 ?én% Joes % flﬁmse.n%ngfﬁh ?Bthﬁuf%%t%‘ﬁg&g%wo%aéit\%dé t he
i nci dent bagdd omtihd wetdoghba tgenttal tye mndulit=alidny s@kyllkl ghtis) and

then guides the first light to first spatial_I|ight nmodul ator 62 and
t he sgconjclmf#gr?ﬁtltoé1 a?llfé%&r’rﬁnsﬁgt Pafh| PHRECE R ta e 68n be I'n

the modi féoedisy GfivH Qesd calptlstidrs. WinGR kesabhapedhasdd@sired
triangul ar sm having a triangular cross- section along a YZ pl ane,

is used a%iigﬁa%ﬂRﬁQﬁﬁﬁﬁaﬁlﬁﬁﬁﬁPUESO@uF%eb?mﬁﬁﬁﬂlY'ﬁﬂ?ﬂ@ﬂi§ﬁ1PQe
i ncl udes Bwpi Sigles iSUlAeas tB331 aNdm PS4t 1 W Gt L SRl b Lo a
pl ane lylgggfﬂngJggyically conjugated with the pupil position.
Further, the light intensity distribution at the pupil
15 position of the illumination optical system is detected at
predetermined time intervals. Based on this detection
result, the optimization calculation, which is based on the
detection result of the CCD imaging units 32 and 33, is
corrected. This ensures accurate optimization calculations
20 that are based on the detection result of the CCD imaging
units 32 and 33. Accordingly, mask patterns may be exposed

into wafers with a high resolution and satisfactory

throughput.

25 The above-described embodiment uses a single spatial
light modulator. However, a plurality of spatial light
modulators may be used. A modification using a plurality of
spatial light modulators will now be described with
reference to Fig. 8.

30

Fig. 8 shows a spatial light modulation unit SM2
arranged at the position where the spatial light modulation

unit SM1 shown in Fig. 1 is located, that is, in the optical
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axi s and being parallel to a YZ plane. The side surface 233
s as a reflection surface R21 that reflects the incident
ward a plurality of mrror 20 elenents in the first spatial
dul ator 52. The side surface P34 functions as a reflection
R31 that reflects the incident Iight toward a plurality of

| ements in the second spatial |ight nodul ator 33. The prism
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thectihan,syrfiaces R 15 which deflects the incident |ight
he 30 first spati al Ilght nodul at or 52, and a defl ection
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light ppdulgl aﬁ%lqiya %%ful tta%nphhw @ﬁz dirYéﬂ?&eé me

| i ght |nto a |rst a second light along t
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In the modification of Fig. 8, a prism P2, which is
shaped as a triangular prism having a triangular cross-
section along a YZ plane, is used as the divisional light
guide member. The prism P2 includes two side surfaces PS3
and PS4, which are symmetric to a plane lying along the
optical axis and being parallel to a YZ plane. The side
surface PS3 functions as a reflection surface R21 that
reflects the incident light toward a plurality of mirror
elements in the first spatial light modulator S2. The side
surface PS4 functions as a reflection surface R31 that
reflects the incident light toward a plurality of mirror
elements in the second spatial light modulator S3. The prism
P2 divides incident light into two lights along the

ridgelines of the reflection surfaces R21 and R31.

In other words, the prism P2, which functions as the
divisional light guide member, includes a first deflection
surface R21, which deflects the incident light toward the
first spatial light modulator S2, and a deflection surface
R31, which deflects the incident light toward the second
spatial light modulator S3. Further, the prism P2 divides
the incident light into a first 1light and a second light
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10 nodul ation unit SM. The structures of the first and second
spatial light nodulators 32 and 33 are the sanme as the spatial |ight
nodul ator Si descri bed above and thus will not be described 15 here.
When using the divisional |ight guide nmenber P2, which divides
incident light into a plurality of lights and guides the divided
lights to the spatial |ight nodul ators S2 and 20 53, when the |ight
entering BheNQi Visitomdelingst oduithe fafrBerdoblect s Audese fRd and

i | Tum nanggeraddohdfadheddight sawirded k91t herepatiiak khabt -aRdyLat ors
52 and 33 changes. As a result, the light intensity distribution
formed at thaefbifh |SRRosial dd-gbt mREULREaA Bativrpiad@d Hystem may

not be 25.degllable. Mool N+t Bl Y i £ defeegtion
unit (30 fgg3 deté%ts i361gcgngnt30?8?%%&f?%%?ﬂg%fg%Vng t he

di vi sionaplingmhtrefiicds imentrdrr22 48 sodr esistéed ghtt iaft sl spatial
di stributi rrors, ich are us Y. & l.ght _displac n I
the Iight i%ﬁ%‘?r"ﬁ%%%ao%s‘héﬁgtf SFRLS OIS té%%i Fg%“%g??i EHE e
i 11 um nat spat gt | Kathts yetderhathy rc SBr ést kaflébeed gyt isnatdfdrcanghe and
inclination directj.on of ch mrror elenmept in the spatial |ight
nodul at orguﬁga%%§%§.(%ur%% deﬁﬁ#?@“eﬁﬂﬁgﬁ‘?@ appar %5 the
above- deseef besk estbadineit ps& spat eak tteghdbutosttll @icorsdatdtaienabhes
the orientation of two-di nmensionally arranged reflection surfaces to
be selfhr APl didd S -used as the spatial 5 |ight nodul at or
including a plurality of two-dinensionally arranged, separately

controlled refl ection el enents. Exarrg!ﬁes of such a spatial _|ight
nodul at or are distISSSREUFeFapantbe RafFbrand MR d sPdtdgénlbghent

EUB: ' Cat ' HBdLh\N%athiosr $O33R0 sand rlet $HEOLLRS PRI By aRaan jgakent
u | catl on .
modulator S1 described above and thus will not be described

15 here.

When using the divisional light guide member P2, which
divides incident light into a plurality of lights and guides
the divided lights to the spatial light modulators 52 and

20 S3, when the light entering the divisional light guide
member P2 is displaced, the illuminance ratio of the light
guided to the spatial light modulators S2 and 83 changes. As
a result, the light intensity distribution formed at the
pupil position of the illumination optical system may not be

25 desirable. However, in this modification, the detection unit
(30 to 33) detects displacement of the light entering the
divisional light guide member P2 and corrects light
intensity distribution errors, which are caused by the light
displacement, in the light distribution shape formed at the

30 pupil position of the illumination optical system by
correcting the inclination angle and inclination direction
of each mirror element in the spatial light modulators S2
and S3.
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10 779530, Japanese Lai d-Open Patent Publication No. 2004-78136 and
its corresponding U S. Patent No. 6,900,915, Japanese National Phase
Lai d- Open Patent Publication No. 2006-524349 and its correspondi ng

U. S. Patent No. 7,095,546, and Japanese Lai d- Open Patent Publication
No. 2006-113437. In 15 these spatial |ight nodulators, |ight that has
passed t hrough each reflection surface of the spatial |ight nodul ator
enters a di st dnbhieorxpbosnaei appapt iwal ol idce mboaveadgsedebed n ned

angl e andLONIA PLedetei nedohl Ao Lnkens s Jiatith Ut kg on an

i I Tum nat on pupi orres ondence with a control signal
sent to ctﬂ'nesrwama:ln toyE aﬁvoenﬁmeableﬂu@l@taranged refEdetchépn as the

chabl | ng T IR giR T “FROY =55 i TRNST ORI y PPRhgad FEFI BREFBRL

surf acesutghtb@noma&rt@txellylccmaiﬁ@l & esll ey 11y usedwobdanphesonalsych a
spatial 1ight rmdul ator are disclosed in Japanese a| d- Open Pat ent

Publ i cat3 TS0/ 6 SEPREEE CANdCPRETROI TS G99, §; eﬁ&?éﬁt No.

S5, 312, 513, ekARAN@SR HNAL b@ﬁ@hafhﬁﬁcﬁhﬂ—%@%@rpé&%nﬁlggleﬁbﬁ|S@tl on
No. 2004-520618 and its correspondi Pat ent No. 6,885 493 |n

Fig. ad. Japandasesdadgamad] PhﬁgﬁtL%@‘[‘fg%?rbr%at@c% Bubrigetaanolioa 10-
t wo- di W%@sﬁba'aﬂaﬁ'l%t c@'r%EbQH&iH& Bt S 'EQaQ:'e‘ilﬁmPuUlQBEth.Bné ﬂ@@

sane manner as a fraction p ane. he above-describ
spatlifal 77RO, rmmma@te(ﬂe LadHuapey Bapenir syl ceftiono Ngi-meASRondd 9

arranged, (o1l ectdan St ages. ovpbeadid | of dgb ageor dangaeukth the

di scl osures ‘o Tor panese ti1onal’ Phase Lal en Pat ent
Publ i catNainidxal 2@@%1@442031511 Peserorrusiparadiiog oS, ZP§6e524&I®9

6, 891, 655@1%1% a%%%t%oN%Ehongl Phgg,geriL%% QO7e 9lgat5ql%t P},{QI i cation

No. 2005- s cor gespondl ng tént App I'cation
Publ i catTaparNese 2000/-0p8nh728tent Publication No. 2006-113437. 1In

15 these spatial light modulators, light that has passed
through each reflection surface of the spatial light
modulator enters a distribution formation optical system at
a predetermined angle and forms a predetermined light
intensity distribution on an illumination pupil plane in

20 correspondence with a control signal sent to the plurality

of optical elements.

Further, as the spatial light modulator, for example,
a spatial light modulator enabling the height of two-

25 dimensionally arranged reflection surfaces to be separately
controlled may be used. Examples of such a spatial light
modulator are disclosed in Japanese Laid-Open Patent
Publication No. 6-281869 and its corresponding U.S. Patent
No. 5,312,513 and Japanese National Phase Laid-Open Patent

30 Publication No. 2004-520618 and its corresponding U.S.
Patent No. 6,885,493 in Fig. 1d. In these spatial light
modulators, the formation of a two-dimensional height

distribution affects incident light in the same manner as a
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In the exposure apparatus of the above-described enbodi nent, an ArF
excimer |aser light source or a KrF exciner |aser |ight source is
used. However, an F2 laser 15 |ight source nmay be used i nstead.

In the exposure apparatus of the above-described enbodi nent and

nodi fication, the spatial |ight nodul ator may be controlled as

descri bed bel ow. 20 A case in which the control is executed to
form a spetifdatidrghtlamet.ensity distribution (hereafter, referred to
as the first pupil intensity distribution) at the pupil position of
the illum nation optical systemor a position 25 optically conjugated
with the pupilrhHoSiHdveR delskch-iBeddbsgtssEd i gt lodiQ adetrtUahcBXPORYT €,
the correction procedures described bel ow are perfolned. First, the
first CCDRMHFRFLMAT Wo-diaeasdonal BCRBOPRFRYI G 1GNtH-C33, whi ch

Serve; asg@-AelactiAN B idod 131 eqUSRUat Qo PRASM 6y ite dHRCigdangesangke of
the light directed toward the spatial |ight nodulator Si (82 and 53)

and the ¢f4 ditthareardiost veparess Natioeatriassd@idn®wpsr FRESRFght .
Then, _t heydef 86 QN gy tzo%%ﬂ@%?lw Qﬁ&sg‘f§n&m‘rés%ﬂcfintgoUggg control

unit 20. Based on Information of the inclination angle  an

i ncl i nat Parerdi Mct it 93, 66achnai Fepanesenintidnel Mhasgailieald-Poght
nodul at i 1.S..T. 0 e it t he
first pﬁ%ﬁ%rﬁl{%}nbslﬁcyatg‘%gt er{OblrJT? Pgﬁ g%%j){%%r?ﬁe@tlltoszn?ﬁoﬁr% g%%&?‘ ?ghsof t he

i ncllitnaty oh. defentarppliclkitian enbilicationMof HHEY 0HAS7dL . el enent
SE1 that can be 10 calculated fromthe neasurenent result of the
detection unit, the control unit 20 sends a control signal to the SLM
drive unit 26.1nTh&reSlkMpdisiire dpphr2buseds i dbncle—datsicenbandgl e and

inclinati n(?jrection of each mrror ele t based on the_cantrol
si gnal f‘?rg‘?ﬁ e Ay FE GRCET96E. gi%er ﬂag t Source or & KiP
excimer laser light source is used. However, an F; laser

15 light source may be used instead.

In the exposure apparatus of the above-described
embodiment and modification, the spatial light modulator may
be controlled as described below.

20

A case in which the control is executed to form a
specific light intensity distribution (hereafter, referred
to as the first pupil intensity distribution) at the pupil
position of the illumination optical system or a position

25 optically conjugated with the pupil position will be
discussed. Prior to actual exposure, the correction

procedures described below are performed.

First, the first CCD imaging unit 32 and second CCD
30 imaging unit 33, which serve as a detection unit, are used
to measure the incidence angle of the light directed toward
the spatial light modulator S1 (S2 and 83) and the

illuminance distribution in the cross-section of the light.
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After the setting, the CCD inmaging unit 39 neasures the |ight
intensity distribution at a position conjugated with the pupi
position of the projection optical system and sends the neasurenent
results to the control unit 20. At the 20 sane tine, the CCD inaging
unit 9 neasures the light intensity distribution fornmed on the

i nci dence surface of the optical integrator 10 and sends the

measur enEneny eslig tdeteqthierc omtitolsendist the. meusurepatie yasasir dwefihe

t he i magi jt s as the mask Ma light transm ssive substrate
25 havin%Q%%y%%1¥%$hgﬁﬁ The control unit 20 conpares the |ight
intensity distribution neasured by the imaging unit 39 and the first

pupil intensity distrihution that i o be formed. Wen.the 30
intensity distgé% i Bhs PaPE™ éogaﬂi %?%el%ﬁ#%ég%ﬁﬂﬂaqﬂ%&ﬁeﬁg%WEen
bei ngs Wi iﬂ&llirgaﬁmzeroaih}egzﬂi@iiQﬁ)f, cbbh AEASHE edbatieriiesit ttief stphei@o:Dh
i magi ng unit is stored _in_ the storage_unit 22 in associati Wit
the firstigbiTod¢ifteisitly tdadt rliSbateﬁgn.fr%e"rP? He- 9 TREh S 22 ¥o

distri bu?w@ﬁa@é eciotr the s I Hh@eﬁlbi{?r@w@riﬁlﬁfﬁhﬁta&@en bei ng
outside the tolerable range), the control unit 20 perforns the
pr ocedur 8T FRFt I ettt aten 9dl Th&t LBAL BT RIS S A9 nat i on

direction,of ; gachoMd M Uctal oMt ogkni A1 LRy PRl |drht HIRdWsat gk
Si, and the CCD inmaging unit 39 repeats the nmeasurenent procedures.
I n addi t fehctbated Framtthsupicasiuyenastt yedist rebuthorletertsedn t here

2;6 ot heﬁniﬁp%é’fc&&p}& L L@ iotxeﬂhétéi%'r%w& ?jfe‘g%élortoa%ﬂéa's%m
posure, the correction procedures are pertorne or each of the
pupi | i ntiebge tyndi s2G. bGheoAsM(ergve wedordb papisl thet énsilipation
distribughg eagﬁhtfﬂéfid§ﬁﬁén hﬁ&%@%k%% Q%Séééﬁ“ﬁifggr é%%ment based
on the control signal from the SLM drive unit 26.
15
After the setting, the CCD imaging unit 39 measures
the light intensity distribution at a position conjugated
with the pupil position of the projection optical system and
sends the measurement results to the control unit 20. At the
20 same time, the CCD imaging unit 9 measures the light
intensity distribution formed on the incidence surface of
the optical integrator 10 and sends the measurement result
to the control unit 20. During the measurement, the imaging

unit 39 uses as the mask M a light transmissive substrate

25 having no pattern.

The control unit 20 compares the light intensity
distribution measured by the imaging unit 39 and the first
pupil intensity distribution that is to be formed. When the

30 intensity distributions are the same (the difference
therebetween being within a tolerable range), the
measurement result of the CCD imaging unit 9 is stored in

the storage unit 22 in association with the first pupil
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During the actual exposure, the first and second CCD i maging units 32
and 33 neasure the incidence angle of the Iight entering the SLM and
the illum nance distribution in the cross-section of the light just
before exposing a single 20 | ot of wafers. Based on the nmeasurenent
result, the control unit 20 sets the inclination angle and
inclination direction of each mrror elenment SE1 in the spatial |ight
modul at oinSenwith dhetSiididrve Gnen @6 dntandigystddtséribheiood are

i magi ng t nmeasur i n i an h 5

cr oss-seB?i: F\g%fs‘—tuﬁe g%tcﬁt# e@ﬁfee%ﬁ %%g%‘g‘%u caﬂfeb%r# eogurear]Ldte %8% The
measur en’eatefe}sydatrérsg@)o,rrttareed:owttcblt heitreagupentmtms eshid t associ at ed
wth the first g intensity distribution stored jn the storage
unit 22. PYRERd 1t"tE‘)l‘:e MEXS Ur et NP £BF 4RGP EHECR ATRIYE 'Y £ f er ence 30

t her ebet weeniRet NEn Wit Fé dx 1die dfole@icabhng reange) emexposuriar itheact ual Iy
performed. Wien the neasurenent results are not,K the sane ”}t
di f f er enéBaEhat ebbthedredetatproftisi gadt ket %@Br%ﬁbﬁ‘%“r%ﬁﬁ@) “he

i ncli nat i.gpapg! @h@r&geégtg_lénr@ltﬂ %@ocgrdrleggl_on of the mirror elenents
SE1l in the spatial light nodulator Si are adjusted with the SLMdrive

unit 26. In these procedures, neasurenents are taken with the 5 CCD

i mging unit 9p,whieh {5, aly yays %Bég' svgtlpﬂt g JRASYLRIBRLS -

Thus, the throughput 'S not ecrease en per orm ng measurenents
W t h1@ hewltED thage ngreindthad tvples OCDpupagi hytemsit B imistikyd doscat ed
at the 1,90k e8] SsLon, o' &g, Qlulhe (RILOLBELLED: OB Lale AV LD ThUS,
during a 0 neasuf enent , “the vvaf’er stage cannot Pe hoved to the Ilght
em ssi onpsrﬂermédtfl@r pasa&;teoiﬁ Grneo pluipd.al 1ayenentyT¢111$tﬂé:urtea3@s

t hr oughpgt durin manu n

devi ce sefvPny ﬁg?(ﬁ t%‘épi]gr Sgltfﬁrtg ggﬁg ﬁgl%? ?lﬁéat llcj)r\r/epglé)scrl bed

enbodi nemhtéhbitpommmmmed With reference to the flowhart of
Fig..9. As shown in the flowhart, in a sem conductor manufacturing
step%5a metal filmis vapor-deposited onto a wafer W which becones a

substrate for Busend comsucdifa1dexkipeeul sl eph848) xs2tared G quteicoIesi St ,
which is a photosensitive material, is ag@lled to the netal film

(step ngagm@nunht%aﬁ A%f F35r MEd SURCatRBt FBFLIFRERIGNILE (Faddeer r ed

onto each; shet «£E8k PRy | $hd NEralher Wew i luhiBafXPOSLE € BRPRAIGH Us Of
the enbodi ment (step 544: exposure step). The wafer Wthat has

under gonghgscrpasteapsier o theydlighédjushabefere t rePphgtbrie$idt916n
whi C{bthﬁe eatter@feg% begn Ay eﬂstﬁérﬁgaéérét@ér@é oRed;6St @Re34Bntrol

devel opnent step bsequently, a resist pattern for med on a surface
of the wahét ¥0iseusethasinclhiasiics pagfer angr beebsiagl such restion

etching 3 gachSH££§8§ 5&eﬁ4§%\@%ﬁe nm%he spatial light modulator S1

with the SILM drive unit 26. In this state, the CCD imaging
unit 9 measures the light intensity distribution in the

25 cross-section of the light that enters the optical
integrator 10. The measurement result is compared with the
measurement result associated with the first pupil intensity
distribution stored in the storage unit 22. When the
measurement results are the same (the difference

30 therebetween being within the tolerable range), exposure is
actually performed. When the measurement results are not the
same (the difference therebetween being outside the

tolerable range), the inclination angle and inclination
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30(step 548: processing step). The resist pattern is a

phot oresi st | ayer including recesses and projections having shapes
corresponding to the pattern transferred by the exposure apparatus of
the enbodinment. The recesses extend through the photoresist |ayer.
In step 548, the surface of the wafer Wis processed through the
resist pattern. The processing perforned on the surface of the wafer
Win steglsaetrQE|eﬁe%hefmwrnp@uﬁﬂaaenée §ELednt thet fratbne 199Nt chi ng

e o ranp bl LbET ERAA0 o) AP Al chBEsRHPGEIGE ARDATAI S Of the

enbodi mefit Uses the ma phot or esi st as a
phot osensi tive substrate or plate P, to transfer the pattern. 10.

Fig. 10is a f hart show t he nanufactu in ryst al
devi ce such asTh VIR & TISRIEHS it SRRy AavT Ee. a8 v Tih e
f 1 owchar cept OmaghuG ach 1i e9,a whigtH d scraysbgk dapiabee @fgaézt@mmlng

formation ste ste 5 , a_col filter fornatro step (st S52) ,
a cel | a¥SefRBr§ Eg 3&Qﬁ'l§%§5g¥r°aﬂap%Frﬁﬁhﬂ?? %ﬁﬁﬁﬁ%ﬁﬁ e‘)Eh?rstep
556) arep%%@@@ﬂih@'ﬂté!awétﬂéﬁ@ wildh the pabt @ﬁtﬂgiﬂ@n‘@ﬁi’@m%t efheof
step 550, the exposure, apparatus of _the enbodi nent_forns

pr edet er FCRedm201 Rat Yot 2qdHiss ke diocatrs pht FBFnlLHRE aertmeﬁ%étrt ode
pattern gﬁdéhgfptﬁéepfg%éﬁﬁfgh'6bﬁid¥la§?s§gﬁstr?ﬂd%t(HdMﬂn%hathe

photoresist is applied {or the wafer W whi ch the photoresist is
appl 1@d) meTherpaerr nthorvakebre i ceneptides BAVeR pbd uFke stight or

transf ef Lj.90.3,pall &L, 0. 3 25 PRALON B3ksLah Yok h i exposur e

apparatus 0 odrnent evel opne t step Tor devel oping the
plate P dﬁbmeaheehthheugkmmtnduﬂwng béenmepanserentd, that is, for
devel opi ng the photoresist |ayer on the gl ass substrate, and a
processing step for processing the surface of the glass 30 substrate
t hrough t he dekehopeod phot arasifstetuayey. a device serving using the

15 exposure apparatus of the above-described embodiment will
now be discussed with reference to the flowchart of Fig. 9.
As shown in the flowchart, in a semiconductor manufacturing
step, a metal film is vapor-deposited onto a wafer W, which
becomes a substrate for a semiconductor device (step 540),

20 and photoresist, which is a photosensitive material, is
applied to the metal film (step S42). Then, a pattern formed
on a reticle (mask) is transferred onto each shot region in
the wafer W with the exposure apparatus of the embodiment
(step S44: exposure step). The wafer W that has undergone

25 the transfer is developed, that is, the photoresist on which
the pattern has been transferred is developed (step S46:
development step). Subsequently, a resist pattern formed on
a surface of the wafer W is used as a mask to perform
processing such as etching on the surface of the wafer W

30 (step S48: processing step).

The resist pattern is a photoresist layer including
recesses and projections having shapes corresponding to the

pattern transferred by the exposure apparatus of the
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In the color filter foLmation step of step 552, a color filter is
formed in which a plurality of sets of three dots corresponding to R
(Red), G (Geen), and B (Blue) are arranged in a matrix or in which a
plurality of sets of three stripe filters of R G and B are arranged
extending in a horizontal scanning line direction. 5 In the
cell assenbling step of step S54, a liquid crystal panel (liquid
crystal embbgiimsn’assé“ﬂnbl edcasbRg theenyd agsrsadistuhat ehbaviragishe

pr edet er m ned tern o in e 5 nd t cal or I

obt ai nedTFH §te nsﬁepr\/gflg gggpﬁgr’%lg%l pt&h "% ditd crysEJ f)Epaneﬁi
maguf ﬁCt uh?du@? tig esdsing Igatedncr ysniealpﬂmiemmg he rdoassdsabsthat e
and the color filter. In a npdul e asse I n t of _step S5§,
conponenf8Ti8Ce eh e diaddh it 18 SEEPt g?gnhg%f‘ﬁg%d i pgﬁablaitng
a di spl ayepper at t19ér aind her assenblednti ﬂéi:éjl ct yuh afoPanelomar exaount ed
on the liquid crystal panel. t he above-descri bed CCD

i magi ng GAFP, Sthr SRS é‘r?ﬂaﬁﬁﬁPﬁgoénF?ev@W%lmqsﬁégghe

sensor, @a?@?tﬁdtgdﬁhfﬁﬂEﬁhoﬂﬁké%l%%”ﬁ%aa%ﬂ@ﬁeﬂays b sdbitthee
foregO|ng enbodi nents, it is also possible to apply 'a techni que of

filling shbstnakei oor aflatire %ptﬁ%élransfer the pattern-

10 _ Fig. 10 is a flowchart showing the manufacturing of a
liquid crystal device such as a liquid crystal display
device. As shown in the flowchart, to manufacture a liquid
crystal device, a pattern formation step (step S50), a color
filter formation step (step S52), a cell assembly step (step

15 S54), and a module assembly step (step S56) are sequentially

performed.

In the pattern formation step of step S50, the

exposure apparatus of the embodiment forms a predetermined

20 pattern such as a circuit pattern and an electrode pattern
on the plate P, which is a glass substrate to which the
photoresist is applied (or the wafer W to which the
photoresist is applied). The pattern formation step includes
an exposure step for transferring a pattern onto a

25 photoresist layer with the exposure apparatus of the ’
embodiment, a development step for developing the plate P
onto which the pattern has been transferred, that is, for
developing the photoresist layer on the glass substrate, and
a processing step for processing the surface of the glass

30 substrate through the developed photoresist layer.

In the color filter formation step of step S52, a

color filter is formed in which a plurality of sets of three
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25 path between the projection optical system and the photosensitive
substrate with a nmedium having the refractive index larger than 1.1
(typically, aliquid), whichis so called a liquid inmersion nethod.
In this case, it is possible to adopt one of the follow ng techni ques
as a 30 technique of filing the interior of the optical path between
the projection optical systemand the photosensitive substrate with
the |iquiddtst berteghmdirey dfo IRoqakhly, f Gl KEngethe apt ik alBlpat h awet h
the liquid as disclosed . in International Publication W99149504; the
t echni quBTERPABYI HY 3 Qg RSl &Pna}‘%ﬁg 3ub Itufaafjgt:’f oonfbese%fpg}?ed, in a
li qui d bahBeasselissd osertdrs daEpanese RatieBt aAppdicatdaan cxaiettdipegn No.
6- 124873, the technique of formng a liquid 5 bath of a predeterm ned
depth onlB &t Bgel2eRHol THalgitFe 1408sPH A€ PRrei n as di scl osed in
Japanese Patent Application Laid-open No. 10-303114, and so on. In

the foregoing enbodinment, it is also gossible to 10 apply the
so-cal | ed pol aFt Z&we i99dnmiaseemba inat ReEP dPEctee it B Jimydd

Publ i she ' i Sy 4 2145120086/
2007] 0145598~ e Sop | €Tt on O ‘Cha B seont-i ventT o o met T
linmited gbaan sxpostatee dppamragt dhef prefdanafatred | PRt tewemiGides ép
device. The p ent .inventi-Q S .Lspplie iﬁﬁpos
apparatu?ggpfégéagw?qg?%<%¥§§igﬁxggép?gggéggﬁcéﬁfofﬁg on aM5§e

r ectahgukpeciif bssl b ate drguiicr cayditspl pyndevi s enaucifaasirzedlbysnma

di spl ay device, The, present 20.invention y also b i del y appl.ied
to exposﬁ?%eaBb%9aﬁﬂ§%% t?ﬁﬁga%&n§F§8F8Pet5§r9%%%5t?%é%1%&*%&%@%5@?
such as aslbpagingedevi ce (CCD and the like), a mcro-machine, a
thin-filmnmagnetic head, and a DNA chip. Further, the present
invention may be applied to an exposure process (exposure 25

appar at us) useth WeRbdEIfaGubl AggVattPUSEt ¥PeS SB6,dessmehenesf orm a

mask (photonask, reticle, etc.) including a pask Pattern duri ng

it raﬁH?h as electric circuits and a backlight for enabling a
display operation of the assembled liquid crystal panel are

mounted on the liquid crystal panel.

As the above-described CCD imaging unit, for example,
20 an imaging unit with a CMOS image sensor, a photodiode

array, or a camera tube may be used.

. In the foregoing embodiments, it is also possible to

apply a technique of filling the interior of the optical

25 path between the projection optical system and the
photosensitive substrate with a 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
possible to adopt one of the following techniques as a

30 technique of filing the interior of the optical path between
the projection optical system and the photosensitive
substrate with the liquid: the technique of locally filling
the optical path with the liquid as disclosed in
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CLAI M5 1. An illum nation optical systemwhich illum nates an
irradiated plane with illumnation Iight provided froma I|ight
source, the illum nation optical system conprising: a spati al
| i ght nodul ator which is arranged in an optical path of the

illum nation optical system and cooperates with part of the
illumnation optical systemto forma desired light intensity

di stri buthefrmadt i@neipiPubldcpesbhi BOSDf 423 ;i IHhemtrabhindquepbiEcal
systemor a, position optically, conj ted wiith. the pupil, pesition;

a det ectTORTthid %%%&P&%@ﬁéﬁ%ﬁ%w&&w |°ssterdi’b§ i%n of
the illupfatd padh el dlscaopesi Lhofapanede apiteral Apatiticextendi ng
fromthe Iight source to the spatial 15 |ight nodul gtor, w.th.the
det ect i o?ﬁ%f%‘iqpqqﬁéq%di%&zé 87Bght e cbRFR IS Y dCETWHICR ﬁné@}éilges
some of Lhe, 1d4 UMHAJQR gkl d@?gh on a staged sRNMcAliiwgi thwhi ch
controls the spatial Iight nodul ator based on the |light intensity

di st ri busilest nhteedthetr <A@ By Checdesedtibriapanese Patent 5 The

i1l um naf i on i cal 5 1 ageor dhngot o £ aldn Lo Weer ei n:
the ill u%#%(?agénqu} &hat%)éilﬁr?g)%deg'a plurality of | ioght 25 pul ses;
the light receiving surface of the detection unit receives the |ight

intensity distrihuti of the i ] L on, J i.ght, farnedhasedy.gn the

| i ght pul ses, %\/B:ﬁ? %gjéregrmn rg%?g}lﬁ%ﬁl gleﬂs;l%gr?&sgogﬁe Scont rol wunit

contrml sapbey spad isal-ddightd podardted babeuimat omplnatddd yistlored

light intensity distrihutions. of _the illum nat] ' etected for

every ond™ o} - Svor 1i%ﬁﬁiﬁﬁﬂe eéppllcatlonuﬁgs. iéHk)déﬂyéf%,
2006/0170901, and 2007/0146676.

The application of the present invention is not

15 limited to an exposure apparatus for manufacturing a
semiconductor device. The present invention may also be
applied to exposure apparatuses for a liquid crystal display
device formed on a rectangular glass plate or for a display
device such as a plasma display device. The present

20 invention may also be widely applied to exposure apparatuses
that manufacture various types of devices, such as an
imaging device (CCD and the like), a micro-machine, a thin-
film magnetic head, and a DNA chip. Further, the present
invention may be applied to an exposure process (exposure

25 apparatus)-used when manufacturing various types of devices
to form a mask (photomask, reticle, etc.) including a mask

pattern during lithography.
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3. The illum nation optical systemaccording to claiml or 2, further
conpri si ng: an information acquisition unit which acquires
information on the light intensity distribution at the pupil 5
position of the illum nation optical systemor the position optically
conjugated with the pupil position; and wherein the control
unit corrects the controlling executed by the control unit based on
the light intensity distribution atCitfé&Spupil position of the
illumnation 10 optical systemor the position optically conjugated
with the pupil position that is acquired by the information
acquisition unit. An illuminatdonTbptiddlnsystienowhdpin dallusysteas

according to 15 ¢l ai ,_further . risjpng: .. an optjcal path
br anchi N nERBE LT EIP TRt ddd SPREBAE bR | Eeb R He e ad °The
spatiml hight s®etdat athand e nakiadi apedcnl aggst avh tdoridid sapigi:cal
pat h branchi ng menber branching off sone of the illum nation |ight

fromthe 20 opditRAtisdt 98¢ FOAULAGOE NELEFRNChFFATI99 ¢ft 2 the

i nformat hop; @SHUSSER IO Y tilluminatidn dp€iédl Wjdadn ahoptical
system according to claim3, wherein_the 1nformation acquisition unit
acqui r escoSPERA e freit tdh ATt 1o [thght L vnénat9n dPRE F¢HutI ey it tohe

pupi | pogithon @fsihe ilidHe Nakian; ept heal r Syst £5R ofr the,pasi tion

optically conjugated mnfh the pupi| position based on the

i |1 U nappontioghef tHe Hdsmgassdent hpbughl t frestem aelf &t apsiltans.
optically conjugated with the pupil position;

a detection unit which detects the light intensity
distribution of the illumination light at a position in an
optical path extending from the light source to the spatial

15 1light modulator, with the_detection unit including a light
receiving surface which receives some of the illumination
light; and

a control unit which controls the spatial light

modulator based on the light intensity distribution detected

20 by the detection unit.

2. The illumination optical system according to
claim 1, wherein: ‘
the illumination light includes a plurality of light
25 pulses;
the light receiving surface of the detection unit
receives the light intensity distribution of the
illumination light formed based on the light pulses, every
one or more light pulses; and
30 the control unit controls the spatial light modulator
based on a plurality of the light intensity distributions of
the illumination light detected for every one or more light

pulses.
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30 6. The illum nation optical system according to any one of

claims 1 to 5 wherein the spatial |ight nmodul ator includes:
a first spatial |ight nmodul ator which cooperates with the part of the
iIlum nation optical systemto forma first light intensity
distribution at the pupil position of the illum nation optical system

or the position optically 5 conjugated with the pupil position; and
?hsepfrd ;paigal | i ght ?bﬂumbmaniQWﬂQHtMﬁ@dpéNﬁFé@ AFERATERRI PRt of

he illunination o ti stem1to. a second light intensit
dlstrltnﬁ%iﬁfe% Yh fp%%FFﬁ%5sF??%ﬁlofﬁ$%e i1lumnation optical Zysten1
gr tT Ee p|0|8| ti @rmt apificeakky ofOacqn] sigat@d wiitth wiehpapialhipesi ti on.

. e illumnation optical system according.t | ai t ;
conprl$|¥EEOQP%ﬂ%ﬂQﬁQFn§PeIQ@Hg%gﬁggﬁnﬁ%%%é%gaﬁﬁ%§QQi$g;?Fa%§%dB?%l%5
an opti Galspatdh ket ween it hemh hgBiososiseEcaN tdtens pat ital bPghtion
nmodul ator, wth the divisional Iightugui e nmenher dividing the

R g h

i | 1 umi naeptoredilghtcoowatre Fight $ig %Re di vi ded
light to the fifst.;andrsecondrspathdt toGRcidiNealonsro2Qing 8.
The illum nation optical systemaccording to

executed by the control unit based on the light intensity
distribution at the pupil position of the illumination

10 optical system or the position optically conjugated with the
pupil position that is acquired by the information

acquisition unit.

4. The illumination optical system according to
15 claim 3, further comprising:
an optical path branching member which is arranged in
an optical path between the spatial light modulator and the
irradiated plane, with the optical path branching member
branching off some of the illumination light from the
20 optical path and gulding the branched off light to the

information acquisition unit.

5. The illumination optical system according to
claim 3, wherein the information acquisition unit acgquires
25 information on the light intensity distribution at the pupil
position of the illumination optical system or the position
optically conjugated with the pupil position based on the
illumination light that has passed through the irradiated
plane.

30

6. The illumination optical system according to any
one of claims 1 to 5, wherein the spatial light modulator

includes:
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claim7, wherein the detection unit detects the light intensity

distribution of the illumnation light at a position in an optical
path extending fromthe Iight source 25 to the divisional |ight guide
menber . 9. The illum nation optical system according to any

one of clains 1 to 8, wherein: the detection unit detects a position
on the |ight 30 r ce|V|n surface atgl\f,?wf]i}lih the i|llum nation |.ight

falls; and that comet ! dhiabte PEOFhER Spat PePPFTIfS With
nmodul at or thaspdrenofheh@0§11mﬁhé9dlotnh% kheht E?Q@éﬁ('f‘& B 8§efl%tst
which the_illumnnation Ii alls The| um nation opti cal
syst em acééfBFngntenahly ‘gbs%lflwta% at tHegpuphérep@ition of tthﬁ?e

detecti 0”ﬂ@hﬁuhQEhHHeép@Dcéﬁcéﬁe&%eo‘i‘n%é B?E?ﬁ%bﬁno#@ié a Myl ch

detects incidence an | 1'um nati on ent'eri ng the
spatiad | pghﬂugréﬁaﬁat’bth Birel pupil poshéiocont ami unit controls the

spatial |ight npdulato %g&dﬁlo (ﬂ]‘ ngl,e det ec by ;t.he

I nci dence angl e det ectclﬁo uni rif % #ﬁghggﬁéﬁ %é?l on” Of efrf:gl syéft (E‘m

accordi ngthe paytong viheclhiusirbttionlOptwhelesnstem to form a second
light intensity distribution at the pupil position of the
illumination optical system or the position optically

10 conjugated with the pupil position.

7. The illumination optical system according to
claim 6, further comprising:

a divisional light guide member which is arranged in

15 an optical path between the light source and the spatial
light modulator, with the divisional light guide member
dividing the illumination light from the light source and
guiding the divided light to the first and second spatial
light modulators.

20 _

8. The illumination optical system according to
claim 7, wherein the detection unit detects the light
intensity distribution of the illumination light at a
position in an optical path extending from the light source

25 to the divisional light guide member.

9. The illumination optical system according to any
one of claims 1 to 8, wherein:
the detection unit detects a position on the light
30 receiving surface at which the illumination light falls; and
the control unit controls the spatial light modulator
based on the position on the light receiving surface at

which the illumination light falls.
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the spatial |ight nodulator includes a plurality of two-dinensionally
arranged el enents; and the plurality of two-dinensionally arranged

el ements 15 are controll abl e i ndependently from each other to perform
spatial optical nodulation on incident |light before emtting the

| i ght. 12. The illum nation optical systemaccording to
20 claim 11, wherein: the plurality of elenents each include a
reflection surflce; Fhd illumingtien efitdceilonysbehagesopdintheo any

plurality of eng re cgntrollahle independently from each ot her
to perfororﬁe2§%spat P%r% gp?locgf %%?ﬁaiar%’i on on incident |ight before
emtting the | itiplet detection unili3.indieiddd am datidenopt auale syst em

according to ¢ erein orientati,ons of th; refl lgé{eion
r.

l.aim 12,
surf aces 8055 el%I@?HPELBI \PIV\IEE)F}Q e peh daHt P Y0 APgAEh 5t

14. As exjpositieaappar at yatWehedriiangierspat iprnedegarnnoadl padt erand
onto a photosensitive substrate, the  exposure agga(iat us conﬁi si ng:
the illuninati &RSoFPPERPLSYReMARISd AdSt §PaY 2oné18RE PATHE 1% o

1|3 whi Cg ddddimopates the: RahterihdhatadieAdangednen:ianibenadi aigre
ane.
P detection unit.

10 11. The illumination optical system according to any
one of claims 1 to 10, wherein:
the spatial light modulator includes a plurality of
two~dimensionally arranged elements; and
the plurality of two-dimensionally arranged elements
15 are controllable independently from each other to perform
spatial optical modulation on incident light before emitting

the light.

12. The illumination optical system according to
20 claim 11, wherein:
the plurality of elements each include a reflection
surface; and
the reflection surfaces of the plurality of elements
are controllable independently from each other to perform
25 spatial optical modulation on incident light before emitting

the light.

13. The illumination optical system according to
claim 12, wherein orientations of the reflection surfaces

30 are controllable independently from each other.

14. An exposure apparatus which transfers a

predetermihed pattern onto a photosensitive substrate, the
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15. A nethod for manufacturing a device conpri sing: exposing a
predeterm ned pattern onto a photosensitive substrate using the
exposure apparatus according to claim14; 10devel opi ng the

phot osensitive substrate onto which the pattern has been transferred
to forma nmask | ayer shaped in correspondence with the pattern on a

surface of the photosensitive substrate; and processi ng
the surfaB8PBFUf Rl DSENSTIIRE @St rate 15 t hrough the mask
| ayer. the illumination optical system according to any one

of claims 1 to 13 which illuminates the pattern that is

arranged on an irradiated plane.

5
15. A method for manufacturing a device comprising:
exposing a predetermined pattern onto a photosensitive
substrate using the exposure apparatus according to claim
14;
10 developing the photosensitive substrate onto which the

pattern has been transferred to form a mask layer shaped in
correspondence with the pattern on a surface of the
photosensitive substrate; and

processing the surface of the photosensitive substrate

15 through the mask layer.
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