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| DESCRIPTION OPTICAL PROPERTY MEASUREMENT APPARATUS
AND OPTICAL PROPERTY MEASUREMENT METHOD, EXPOSURE
APPARATUS AND 5 EXPOSURE METHOD, AND DEVICE
MANUFACTURING METHOD TECHNICAL FIELD The present invention
relates to optical property measuremert apparatuses and optical property
measurement 10 methods, exposure apparatuses and exposure

methods, and device manufactlﬁ'ﬁgé%\efigpldgoﬁd more particularly to an
optical property measurement apparatus and an optical eroce..ty

measurement method that. measures optical properties of an optical

S e examined, an exposure ratus_15 that is equipped with
O SRR ESUTENT e i e i car
WBRO EROPHQAE SRABMERAS WRIDEIB I Recbd 466t AP PAIEXiFEs AND
manufacturing method in which the exposure method is used. 20
BERERGHUIRIN MRRHGD nvéion MEVA G HtHIGHPRAGITERING METHOD
manufacturing electron devices such as semiconductor devices

'integrated ci-c'uits) and liquid crystal d-splay devices, a projection
eXIRSHIGIAPRAr afussing transfers an image of a 25 pattern of a mask or a
reticle (hereinafter generally referred to as a ‘reticle’) to each shot area on

a photoséiisitive sststraiegach asa wafet o a glassplate ebatecbresisty
(pﬂbotosensit{i_}veC agent% gg%reinafter Yggferred. to as a 'substrate’ or 'wafer’)

VIAA projection optical'systern s 2 sed A fhis §petotcrejeltion | rement

expRasive Apparatus, conyeptienallysa reduction;projection £XpesHE  ang

apparatus by
device manufacturing methods, and more particularly to an
optical property measurement apparatus and an optical
property measurement method that measures optical properties
of an optical system to be examined, an exposure apparatus
that is equipped with the optical property measurement
apparatus and an exposure method in which the optical property

measurement method 1s used, and a device manufacturing method

in which the exposure method is used.

BACKGROUND ART

Conventionally, in a lithography process for
manufacturing electron devices such as semiconductor devices
(integrated circuits) and liguid crystal display devices, a
projection exposure apparatus that transfers an image of a
pattern of amask or a reticle (hereinafter generally referred
to as a ‘reticle’) to each shot area on a photosensitive
substrate such as a wafer or a glass plate coated with resist
(photosensitive agent) (hereinafter referred to as a

'substrate’ or ‘wafer’) wvia a projection optical system is



10

15

20

25

a step-and-repeat method (the so-called stepper) has been mainly used,
however, recently, a projection exposure 5 apparatus by a step-_and-scan
method (the so-called scanning stepper) that performs exposure while
synchronously scanning a reticle and a wafer is gathering attention. In

such a projection exposure apparatus,%.t is required to transfer a finer
pattern with a high resolution to cope 10 with higher integratior. of
semigondustor ideyicegrandthedlike; As-a methog ta achieypthiszains the
so-called super-resolution technology such as annular (ring-shaped)
ifAiERibhC Higdidr Alurfination AhdPX BT tpeeIGHATRIONT atitthes fiks, by

which Jppiowe the feselfion,pyseitng andnedeqtangle s of fluminaten..
light to a reticle t-(.) a predetermine ang?e, as come into practical Use.
Furtheryan attemptda dmprgverthediesolytion anc-a depthyof dagussby e
optimizing a polarization state of um ration light in accordance withan
AFERAditectidr 8t Paftefis 6 20%Craticle has Beehdlsd propeséd THignning

Is @ method | ' trast of a tfransferred jmage and 1----e .
G 8 Tmprouad by Makig & palarizaton decton of & cay boiaral
ikuminationdicht be @ diseetioni erthegonat ie@ pe-tedie idirection of the
patterns (a direction parallel to a 25 -"longitudinal direction of the pattern)
(e.g. Ncr-patent! I6ctrfeht At LAR 0> AR btRer Aktk6d Uifvanfuley required

lyminglipa-an attampLio improve.the tesolution senisast pl.a prgiected. ..
image and the 'like by making a polarization direction of 3 illumination ?lght

i anharea whererthedluminatiart light iis listributed withinca s upibplareiafke .
%&Jgggwggg%&fggﬁgévethisetUm the so-called super-resolution
technology such as annular (ring-shaped) illumination,
bipolar illumination and quadrupole illumination, and the
like, which improve the resolution by setting an incident angle
of illumination light to a reticle to a predetermined angle,
has come into practical use.

Further, an attempt to improve the resolution and a depth
of focus by optimizing a polarization state of illumination
light in accordance with an array direction of patterns on
a reticle has been also proposed. This method is a method in
which contrast of a transferred image and the like are improved
by making a polarization direction of a linearly polarized
illumination light be a direction orthogonal to a periodic
direction of the patterns (a direction parallel to a
longitudinal direction of the pattern) (e.g. Non-patent
Document 1).

Also, as another method, in annular illumination, an

attempt to improve the resolution, contrast of a projected

image and the like by making a polarization direction of
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system coincide with a circumferential direction ,D-' & circle having an

optical axis as its center has been made (e.g. refer 5 to Patent Document

1). In this manner, in the case the resolution and contrast of a projected
image and the like are improved by optimizing a polarization state of
illumination light, it is preferable to confirm the polarization state of the
illumination light. 10 In this case, a method for measuring the polarization
statéuofithetlleminationtlight oma plane eorgugatehwiti alpupiln gplane of ight
an illumination optical Sés.tem can be considered. However, in this

metHod VaHOUS Thiical properies of the ANGmihation bptEasy/stém and acal
projection opfical; system 15 such.as asize, a shapg and.a pasition of -5 .1 o

illumination need to be measured, and therefore a proposal of a
comprehbensive tmeasurement smethod snexpected. Farthers iethe caserafer
polarization direction of illumination light is set so as to be different at
differBAt Y0 p&SIEHAE Wirhin <nn- pupil plane cf the illumination optical

system, the propagating.velocity.of the jllumination light, is different .« 45+

depending on the polarization direction due to anisotropic nature of an
opfical elementtcohstitatirg arpart hef thekre ectonoprby s$tPy ropanidizing
the - = ke, Accordingly, even when the illumination light passes through

the RAhiE projectioh oplcal System: AWAGERGRt fhetiiumindfioR - fight-aPle
viathe, project on optical system is different depending, on,the polarization .

direction of the illumination light. Thus, since some of various optical
pfoperties afahe illuminstiond fopticed systemmand ithe prdjection opticak tate
s%stem are not completely independent, a measurement method of

0

fical propertitsin which tHeLe dEBeAdENEES are takEifinfo w1 th a pupil

plane of an illumination optical system can be considered.
However, in this method, various optical properties of the
illumination optical system and a projection optical system
such as a size, a shape and a position of illumination need
to be measured, and therefore a proposal of a comprehensive
measurement method is expected.

Further, in the case a polarization direction of
illumination light is set so as to be different at different
positions within the pupil plane of the illumination optical
system, the propagating velocity of the illumination light
is different depending on the polarization direction due to
anisotropic nature of an optical element constituting a part
of the projection optical system, and the like. Accordingly,
even when the illumination light passes through the same
projection optical system, a wavefront of the illumination
light via the projectionoptical systemis different depending
on the polarizationdirection of the illumination light. Thus,

since some of various optical properties of the illumination
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consideration s expected he offered. Non-patent Document: ~hirno-"y A.
Brunner, et al. : "High NA Lithographic imaging at Brev.ster's a;g-e", SPIT
(USA? Vol.4691, pp.1-24 (2002) Patent Document: Koka-. (Japanese
Unexamined Patent Application Publication) No. 6-0537-20
DISCLOSURE OF INVENTION MEANS FOR SOLVING THE

PROBLEMS The present invention has been made jr consideration of the
situation desgribech-abeve; andmaccoeding 40 adbastaspestsisof the: not
present invention, there is provided a first optical properrty measurement

AppBrattS thalt meask fésGptical préjsetties Bf an opticalsyster torde! ©2 !
%EH#Q%%QS%RP%@H& comprising: an, Incidence optical, system.on.
which a light via the optical system to be examined is incident; an optical
unitr20 that hasafirst opigeal systenethat converts the light incident. on
the incidence optical system into first measurement light in order to

measure"efirst opEEAl PRopErty’ %’m’?)hé%ﬁé bpticalpropeties 6f e optical gh
system {¢, B§ £xamined, and a second opfical system that.converts the s »

light 25 incident on the incidence optical system into a second
mredsurémient tightlinzarder @ measure a second optical property among

tree optical properties of the optical system to he examined; and a
photodetBeidr thatieceiesthe i< meastirémBAEligHtGrtRe SetoRa tent

gz% gsurement light, of poih-,a With this gpparatus, the first and second

ical properties can be measured separately or in parallel from

light-receiving results at the photodetector that receives the first
measurement ..ight. or the second measurement light,
DISCLOSURE OF INVENTION
MEANS FOR SOLVING THE PROBLEMS

The present invention has been made in consideration of
the situation described above, and according to a first aspect
of the present invention, there is provided a first optical
property measurement apparatus that measures optical
properties of an optical system to be examined, the apparatus
comprising: an incidence optical system on which a light via
the optical system to be examined is incident; an optical unit
that has a first optical system that converts the light
incident on the incidence optical system into a first
measurement light in order to measure a first optical property
among the optical properties of the optical system to be
examined, and a second optical system that converts the light
incident on the incidence optical system into a second
measurement light in order tomeasure a second optical property
among the optical properties of the optical system to be

examined; and a photodetector that receives the first

measurement light or the second measurement light, or both.
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5 or both. Further, since the common photodetector can be used to
measure the first and second oot.'-cal properties, the apparatus
conf:_guration can he reduced _n size and weight. According to a second
aspec- of the present invention, there is provided a second optical.-
property measurement 10 apparatus that measures optical properties of
an optical system to be examined, the apparatus comprising: a

polarizatipnineasuremgidnstrursentchatmeasures @ polasizatiopstate;

of a light vi.a the optical system to be examined; and an optical property
NiEEEUPEMEnt instiuntentthac 13 arbastipes at cdastoneloptical prapartyf rom
among the optical properties of the optical system to be examjned. With |
(1S Appalatas, the BolarZtior sthte SRR ViAThE ot loal Sy stam 152>

berexamined and at least one (.pthea property-ouof theopticakent 1ight,
properties of the optical system 20 to be examined can be measured.

ArEdrdinl to & 'tH-Fi aspett bEthé presemtrinvention, o thvdre 4 providedanised

exposure apparais thal projccls animage of ajpredetermined cattern, on
a photosensitive 0_o;:ec t;h,e” apparatus comprising: anillami nation

optigal:systemdbatr2 ojiuminates the predetermingd pattera withhanye i ght .
illumination light; a projection optical system that projects the.

illuminatiéf igheviathepredexrimihéd pacern brithe proesensitivention,
oblect: 2 stage, hat comptises any one of the  fis - and,second optical
props;-rty measurement apparatuses e pPese%ef Invention; and an

adjpistment mechanism thatradjuststan-aptigal preperty of the Blumination 1
optical system or an optical property of the projection optical system, or
bbth: baBelOrPa nigastireffent FEsultdithgatus comprising: a

polarization measurement instrument that measures a
polarization state of a light via the optical system to be
examined; and an optical property measurement instrument that
measures at least one optical property among the optical
properties of the optical system to be examined.

With this apparatus, the polarization state of the 1ight
via the optical system to be examined and at least one optical
property out of the optical properties of the optical system
to be examined can be measured.

According to a third aspect of the present invention,
there is provided an exposure apparatus that projects an image
of a predetermined pattern on a photosensitive object, the
apparatus comprising: an illumination optical system that
illuminates the predetermined pattern with an illumination
light; a projection optical system that projects the
illumination light via the predetermined pattern on the
photosensitive object; a stage that comprises any one of the

first and second optical property measurement apparatuses of
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5 optical property measurement apparatus. Since this exposure apparatus
comprises the adjustment mechanism that adjusts an optical property of
the illumination optical system or the projection optical system, or both
using a measurement result of any one of 10 the first and second optical
property measurement apparatuses, the optical property can be adjusted
with good accuracy, and as a consequence, highly-accurate exposure
ttan be ashievednAecdrdivy toanfourth ashiees bigretpreéseheinvémtidmiats

28 ﬁ%\?spré’}{id&ﬂtairbgﬁti%?ﬂ?wp{?/ measyement.methad i high i cal
optical properties of an optical system to be examined are measured, the

smettod €omphsiAgta first FEEBSE nvwhith & firsP BRHEH bHoPerRPatohy
dbeaptical, preparties phiheopticak systeautadeaxaminedlis 20f the
measured; a second process in which the first optical property of the

BPticar sy RERPRIE eREAMLETE QUfustER Watkd dn a result of the
measyrement;and adkind processpioa whichsa sespnd sptical jsopettyistment

among the optical properties of the optical system to be examined is
RS A (R THEY GO o ol GOl Sy B be
iexamingd i3 adjustedi Y¥ith this method, thedirst:optiealtproperty of de
optical system to he examined is measured in the first, process,.an e
%ﬁ§%§§’opﬁﬁg%8%%eﬁ§%§ gdj’:f]sﬁeecfi 30 base r%n%er%%ﬁﬁo%tiegn§ A8
trheastiresten il theesecondqrocess, thecsecohd optiealpreperny that

e R e P
accuracy, and as a consequence, highly-accurate exposure
can be achieved.

According to a fourth aspect of the present invention,
there is provided an optical property measurement method in
which optical properties of an optical system to be
examined are measured, the method comprising: a first
process in which a first optical property among the optical
properties of the optical system to be examined is
measured; a second process in which the first optical
property of the optical system to be examined is adjusted
based on a result of the measurement; and a third process
in which a second optical property among the optical
properties of the optical system to be examined is measured
after the first optical property of the optical system to
be examined is adjusted.

With this method, the first optical property of the
optical system to be examined is measured in the first
process, and after the first optical property is adjusted
based on a result of the measurement in the second process,
the second optical property that changes in accordance with
the first optical property is measured in the third process.

In this manner, even when the second optical property is
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dependent on the first optical property, the second optical property can be
measured with good accuracy after the adjustment of the first optical

property. According to a fifth aspect of the present invention, 5 there is
provided an exposure method, comprising: a measurement process in

which an illumination optical system that illuminates a predetermined

pattern with an illumination light or a projection optical system that
Jerojectsthe iluminatioflight vietheprédetepminedyl0 paterpestpad optical
p%%gggﬁ%fgs'%vaenoli’is%ggQa&he@/%ﬁ made oy bgcaah@@t&a{al SYstem to;oe
examined, and an optical property of the illumination optical system or the
Fotdjection wptiedl systeni LersBothis/afe meastRRFGsing the optical

propefy. measurement method of theresenir 15 iaventionean adiusinentn,
process in which the optical property of the illumination optical system or
theoptieal PFSPEFEAST tAE prajeetor 8pheal systent ot id18re 2
rRdjustediusing 3 resultof the measuement; 1angham expesurepRrocess ¥y stem
which the photosensitive object is exposed with 20 an imaﬁg of the

rabetethifed faftn 2aft&r he WHilstent P Wit this Hetiod After an
‘opticak peopesty of agHeast:one eftbediuminatiopoptied! sygteramandithe

RS emat et B 78 prasent bt anh S ke Seed Hopty
of at deast oneaof phe tllusenationt opticatisystem @nddhépréjedtare optic to
sysiem iy atlisted ysingi tesultof e measurement, Ihe folosensitive

Ject is exposed with an image of a predetermined pattern, and
ghersfarey exposure withlhighn3o aesuraey can besactievedr the
projection optical system, or both is/are measured using
the optical property measurement method of the present
invention; an adjustment process in which the optical
property of the illumination optical system or the optical
property of the projection optical system, or both is/are
adjusted using a result of the measurement; and an exposure
process in which the photosensitive object is exposed with
an image of the predetermined pattern, after the adjustment.

With this method, after an optical property of at

least one of the illumination optical system and the
projection optical system is measured using the optical
property measurement method of the present invention and
the optical property of at least one of the illumination
optical system and the projection optical system is
adjusted using a result of the measurement, the
photosensitive object is exposed with an image of a
predetermined pattern, and therefore, exposure with high
accuracy can be achieved.

Further, in a lithography process, a fine pattern can

be formed on a photosensitive object with good accuracy by
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Further, in a lithography process, a fine pattern can be formed on a
photosensitive object with good accuracy by 8 forming the pattern on the
photosensitive object in the exposure method of the present invention,
which makes it possible to manufacture microdevices with higher
integration with good yield, Accordingl\g it can also be 5 said from another
aspect that the present invention is a device manufacturing method in
fwhigh:the exposuretmethodroftihe presentsavertioivis uselleThe devicke

manuiactiring. menod indudes a lihearaphy oesss WhRkeln e, s+
ﬁffﬁograpﬁy process, a pattern [s"formed on a 10 photosensitive object in
the eXpbsurecmethodfactordingnd cthedsresemtinverition) BRIEF

1%'%? &EIE%NVQECIIHFOQB VINGS Flfz- A3 & WEWShOWING an also be
schematic configuration of 15 an exposure apparatus 100 in an | .
srbodintent of e sresafb ARentidAT FIG 2 REE pRIvar VitWFofd o 15 2

JQalarization copyersion it E1G o3A is awigw shewing-a datim dirgetiond of
ina 20 polarization conversion member with annular illumination. FIG.
FEPisPE SRWShMARG A pOIAriz&tiotP Girection &t &fight ConVéned B thé 179
Rolarization conversien memmbey-withanmlardisminaten G MA isa

view showing a datum direction in a 25 polarization conversion member

Wit gaaarRpsIiGnftion® MG 4858 al\ﬁe\ﬁos%e\?vcﬁ]é) 4 polarization
slirectien 0 ia light conyerted by thepolatization eoneersion membed iwigh to

uadrupole illumination. ,
the present 1nvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing a schematic configuration of
an exposure apparatus 100 in an embodiment of the present
invention.

FIG. 2 is a planar view of a polarization conversion
unit.

FIG. 3A is a view showing a datum direction in a
polarization conversion member with annular illumination.

FIG. 3B is a view showing a polarization direction of
a light converted by the polarization conversion member
with annular illumination.

FIG. 4A is a view showing a datum direction in a
polarization conversion member with quadrupole illumination.

FIG. 4B is a view showing a polarization direction of
a light converted by the polarization conversion member
with gquadrupole illumination.

FIG. 5 is a planar view of an illumination system

aperture stop plate.
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FIG. 5 is a planar view of an illumination system 30 aperture stop plate. 9
FIC. 6 is a view showing a configuration of an optical property

measurement apparatus. FIG. 7 is a view showing a configuration of a
polarization detection sy.sttem. 5 FIG. 8 is a view used to explain a

principle of polarized illumination. F'G.9 is a flowchart showing

processing of a main controller 20 when exposure operations are

performedI cEIG. 16 -s arflewchan{Negleshowinggneasurement 40 optical
processing of an optical property. FIG. |_is a flowchart (No. 2) showing
rhé&siirement Sproeessifg lof ErFaptical property. FIG. 12 is a flowchart

(No. 3) showing measyrement processing.otan oPLERLYOREMYs FIC
13 is a view showing an example of a measurement reticle. FIG. 14A s a
viewl showing an opticalarrangementwhen wavefront aberration is

measured. FIG. 14D is a view showing an optical arrangement when 20 a
pupil imagEfs Mmedsardd S GS £5 i5 A Gigw Showingran exanfplefopglarized
measyrement result obtained when measuring a polarization state. FT™,

16 is a view showing an example of an imaging result of a pupil image. 25
FIG. 17 is moview showing eocenfiguratiomaefia sodified sexampleofanain
optical property measurement apparatus. FIG. 18 is a view showing an
e&aﬁﬁmg5$%qxﬁﬁgﬁﬁﬁﬁnpxposure operations are performed.

FIG. 10 is a flowchart (No. 1) showing measurement
processing of an optical property.

FIG. 11 is a flowchart (No. 2) showing measurement
processing of an optical property.

FIG. 12 is a flowchart (No. 3) showing measurement
processing of an optical property.

FIG. 13 is a view showing an example of a measurement
reticle.

FIG. 14A is a view showing an optical arrangement when
wavefront aberration is measured.

FIG. 14B is a view showing an coptical arrangement when
a pupil image is measured.

FIG. 15 is a view showing an example of a measurement
result obtained when measuring a polarization state.

FIG. 16 is a view showing an example of an imaging‘resulﬁ
of a pupil image.

FIG. 17 is a view showing a configuration of a modified
example of an optical property measurement apparatus.

FIG. 18 is a view showing an example of a configuration
of an optical property measurement apparatus in the case when

the present inventionis appliedtoa ligquid immersion exposure
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of an property meas remen apra u_ ~s ithe case when the present
invention is applied to a liquid immersion exposure 10 apparatus. BEST
MODE FOR CARRYING OUT THE INVENTION An embodiment of the
present invention wi :| he described 5 below, referring to F7%. | to 16.
FIG. 1 schematically shows the entire é8nfiguration of an exposure
apparatus 100 that is suitable for carrying cut an optical property
measurement method related to the embodiment of the present. nvention.
Exposure apparatus ?00 10 is a projection exposure apparatus by a
step-and-scan method (a scanning stepper (which is also called a

S r [ WA ILE] X r a i uipped
o8 e R v e o A
illumination eptical systemck2; aseticlesstage REInt that helds gdeticle Ripeq

a p ec:'~.-Cn optical system Pt, a wafer stage WST on which a wafer W is
motrted, & fridin controller D04hat Ras dvérfall control over the entire

apparatus,.and. the like. As light.source 1, in,this case, an ArE (argon, .
fluoride) %%%éx%irﬁecrh%rggrtﬁé%lslo}ﬁrts:g%&tgﬁe\/vg\?e éﬁSth?oig%*n?n%?s?w“ of
usede Atdight soutge: 1 -a laser bearn 4an illumination lighhavieg rging out
linearly polarized light as a main component is generated by narrowing
baRdwitth Gt SefectipRyd WalerhgHE 6 Bothe Bheds seitputeds ta athsal,

'i%%ﬁa%o&!{%%r%t‘%ﬁr@ﬂge 0. a.service rogm having a lower degree of, |\
ceanl_ness, which Is separate I]QLI’Om a clean room where a cha er (not
shewn)dnavhieh ilminationu optieahsystemsl 2 reticle stagenBSIcan method

projection optical
(2 scanning stepper (which is also called a scanner)).

As is shown in FIG. 1, exposure apparatus 100 is equipped
with an illumination system that includes a light source 1
and an illumination optical system 12, a reticle stage RST
that holds a reticle R; a projection optical system PL, a wafer
stage WST on which a wafer W is mounted, a main controller
20 that has overall control over the entire apparatus, and
the like.

As light source 1, in this case, an ArF (argon fluoride)
excimer laser light source (output wavelength: 193nm) is used.
At light source 1, a laser beam (an illumination light) having
a linearly polarized light as a main component is generated
by narrowing bandwidth or selecting a wavelength, or both,
and 1is output.

In actual, light source 1 is arranged in a service room
having a lower degree of cleanliness, which is separate from
a clean room where a chamber (not shown) in which 1llumination
optical system 12, reticle stage RST, projection optical

system PL, wafer stage WST, and the like are housed. Light
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system PL, wafer stage WST, and the like are housed. Light | 1. source 1

is connected to the chamber via a light transmitting optical system (not
shown), which includes at least an optical system for optical axis

adjustment called a beam, matching an _t (BMU) in a part of its system.
Light source 1 controls the 5 or./off of'the output of laser beam LB, the
energy of laser beam. LB per pulse, the oscillation frequency (the

repetition Ifrequency ) ctheccenterwavelength-andhe spectraklinenbalf tting

width, and the like t?/ an internal control ter, based on control information
ffgth hiain Egiftretfer 20 “10NRUMInation 6pticarsystemat least an optical

1260, mpr: sesauylinde;~lens, beam expander, g polarization conjr 9£§”& it

2,7a zoom optical system, a diffractio optical element unit, a cola:rization

inersioni unit 3pand ancoptical dntegeator (honmogenbz.etd 5, adfitrols the
'um_nazion system aoert'ure stop plate 6, af rstre'ay 15 lens 8A, a

SeR6Rd fefaf 16D s BB RifixetretieRFBIIMPOA antl a'mbvable Teticle i =~
9B, ap eptical path;, deflecting mirror 1%3%%0%‘%%’&%?&%@? 10, and,] h Cition

like. Of these components, the cylinder ler_s, the beam expander, the
zboayaptical )system andithe diffractiongpticat ¢lement puittare omitted e 1 £
FTC". 20 1. In this case, as optical integrator 5, a fly-eye lens, an internal

réfietion tisk iRtegralfSr 't i irteGrator-or the ke & aditf AEt e o pticHt 01
element.ar e like can be used,, In the embodiment, a fly-eye lens is

used, therefore, hereinafter it will also be referred to as 'fly-eye lens 5' 25

llluminatiohuopticarsystenp 12 s connecteditdp thenkightstransantiingoptidains,
system described above via a light cransmitt!ng window gn)t shown-). A
S@&ﬁaﬁgﬁ§ﬁa%EQﬁqa3@rpolarlzatlon control unit 2, a zoom optical

system, a diffraction optical element unit, a polarization
conversion unit 3, and an optical integrator (homogenizer)
5, an illumination system aperture stop plate 6, a first relay
lens BA, a second relay lens 8B, a fixed reticle blind 9A and
a movable reticle blind 9B, an optical path deflecting mirror
M, a condenser lens 10, and the like. Of these components,
the cylinder lens, the beam expander, the zoom optical system
and the diffraction optical element unit are omitted in FIG.
1. In this case, as optical integrator 5, a fly-eye lens, an
internal reflection type integrator (a rod integrator or the
like), a diffractive optical element or the like can be used.
In the embodiment, a fly-eye lens is used, therefore,
hereinafter it will also be referred to as ‘fly-eye lens 5'.
Illumination optical system 12 is connected to the light
transmitting optical system described above via a light
transmitting window (not shown). A sectional shape of laser
beam LB, which is the pulsed light that is emitted from light

source 1 and is incident via the light transmitting window,
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beam LB, which -tne pulsed light that is emitted from light source 1 and is
incident via the light transmitting window, 12 is shaped using, for
example, the cylinder lens or the beam expander. Polarization control unit
2 is equipped with a half wave plate that is rotatable around a rotation
axis that coincides 5 with, for examp’I&, an optical axis of illumination
optical system i2 (which is to coinc-de with an optical axis AX of the

pretection optica? syster) Whemnjaser beam LBishaped as (describede peam
above enters the half wave plate, the polarization direction of the laser
'lfedm thanges because a phase of a '0 component in a phase advance

axis dlre%tl advances a half walvelen%:? with respect etg a P{lgse of t?o

component i & difection ofthogonal {0 thée phasa advance axis direction”e 7

Snet=henshangeristdpetermined by adofation position of eachB-acoincides
polarization direction of incident laser'beamLB and the phase 15 ao.vance

axistéf thé halfwave pfate2polarization: cortiel unit Pldaméontidithecptical

polaritzgrgorf%jirﬁcﬁig)n of emig{ted laser be meleéJy adjustjn; tabf rotatiork
I

ing
prsagﬁion of the ha V%Qvelﬁla 8. C‘I’?%nacdﬁus(?t.men o?rleor%%a{tff)n pé’ls}?ﬁgn o? ot

the,batfwave plate isperranmedday:arivingyof &-driye anitbmat ShowRkped as
under 20 instructions of main controller_ 20. Incidentally, in the case
LaseFbearrl B etiftted fr6ims |ight sbaitde 148 arPeHiptically: pokarizedilight 1 on

p Iiarr!%zc%tll._gp1 contr Llénlg maybalso b%ﬁgggaé)%daN I':~h a quarter wav

plate that is rotatable around a rotation axis that 25 ¢. ncides Wi %Sc?ptﬁ):al .

axtsopXrof i duminationaepticsi system 12 i addition 1o the halfwave 5 hair
plate. In this case, the elliptically polari zed laser beam is converted into a
“Hégﬂgengthwithrespecttoeaphasecﬁfacomponentjjladirection
orthogonal to the phase advance axis direction. Since the
change 1is determined by a rotation position of each of a
polarization direction of incident laser beam LB and the phase
advance axis of the half wave plate, polarization control unit
2 can control the polarization direction of emitted laser beam
LB by adjusting the rotation position of the half wave plate.
The adjustment of the rotation position of the half wave plate
is performed by driving of a drive unit (not shown) under
instructions of main controller 20.

Incidentally, in the case laser beam LB emitted from
light source 1 1s an elliptically polarized light,
polarization control unit 2may also be equipped with a quarter
wave plate that is rotatable around a rotation axis that
coincides with optical axis AX of illumination optical system
12, in addition to the half wave plate. In this case, the
elliptically polarized laser beam is converted into a linearly
polarized light by the quarter wave plate, and then the

polarization direction thereof is adjusted by the half wave
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polarized light by the quarter wave plate, and then the polarization

direction thereof is adjusted by the half wave i3 plate. Further, at

polarization control unit 2, an element that removes the polar=-zed nature

of laser beam LB can be placed on an optical path of laser beam L3 so as

to be capable of being inserted to and'withdrawn from the optical path.

With 5 the element, in exosure apparatus 100, random polarized
ilRinminationsalse heepmes pessiblevhen lluminating reticle p Lasereiement
beam LB which polarization direction is adjusted at polarization control

upite pases e s| oug v the 2o 6RTopttalr $0systern (et shownm) andde mipaced
--he combinafion.o a concaye \ens and a convex lens, and then enter .
Lho diffraction optical element Rt (not showH) IR thé 3_"Fa Lion Gpticat® ©
element iunik a-Rluralty of phasenype:din firacliveopticad elemeptscn.  with
through which diffraction angles and directions of diffracted 15 lights are
different fiBATGNe aRotherare aerayedaora uirret fike member. Aeone ed

of the plurality of diffractive optical elements is selectively placed on
AT AT oYt TSy AR ARG Wt oRBRS o e
By.switching a diffractive optical element to be placed on 20 the optical

path of laser beam LB, the sectional shape cf laser beam LB can be a
desired shiaper NiGraFaly? irér- tHe Riehipoime 6 enefgy-efficieriey; @ adjusted
diffractive optical. element to he placed on the optical path -s determined,
ir?fg c%%/ afn%eav%ljfﬁnthceos tgé)e olf%ﬁeg s?oB?ﬁgte@ %e 8ct %%P ﬁluzrﬁ)i%%t%%tlcal
system 1 apertdre-stop plate-64yp o-be deserbead dater) oFr thisdnaaner,iens
most part of laser beam: LB is condensed to an opening section of
iiftRinatieA’system apeérturé Stop slates,twhightise diffraction optical

element unit (not shown). In the diffraction optical element

E%%icle

unit, a plurality of phase-type diffractive optical elements
through which diffraction angles and directions of diffracted
lights are different from one another are arrayed on a
turret-like member. Any one of the plurality of diffractive
optical elements is selectively placed on the optical path
of the laser beam under instructions of main controller 20.
By switching a diffractive optical element to be placed on
the optical path of laser beam LB, the sectional shape of laser
beam LB can be a desired shape. Normally, from the viewpoint
of energy efficlency, a diffractive optical element to be
placed on the optical path is determined in accordance with
the shape of the stop that is selected at illumination system
aperture stop plate 6 (to be described later). In thismanner,
most part of laser beam LB 1s condensed to an opening section
of illumination system aperture stop plate 6, which is
advantageous from the point of energy efficiency.

Laser beam LB which sectional shape is defined by a
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advantageous from the point of energy efficiency. Laser beam LB which
sectional shape is defined by a 14 diffractive- optical element placed on
the optical path enters polarization conversion unit 3. _1.0. 2 shows a
planar view of polarization conversion unit 3. As is shown in FIG. 2, in
polarization conversion unit 3, polarizatién conversion 5 members 3A and
3B, an opening member 3C and opening section 3D are placed

schstantiaily;eauiangularly. dn &G 2, @ light;shielding section is indicated .
by diagonal lines. Polarization conversion unit 3 is rotated by driving of a
diivel aunitz4 such ascarmrator that is:¢actfo'led by a conrtrehsigrald0from view

main con-roller 20, and polarization conversion members 3A or 313,

opening MEmEr 38 o UpLhing: SeLtibh 3D%is séléctiveR) pidced on'the 2+ 1n
opfical path, of laser beam. 1B Whim;af polarization copversion memhers,

3A and 3B, opening member 3C and opening section 3D is to be placed
on¢nd epticalil B isldétermimed ireadcordance withstheastopapfeheng section
illumination sg/stem aperture stop_plate (to be described later) that is

placed on the distital patt BIGS? AVt 3B HOW A Bkample §HC- 2/ @

polagzatian iconyersjon member 34 arranged in PAlarization .1 1:nes.
converslononit 20 <. Polarization conversion member 3A-'s a member

thiae isipliaedd on thenoptical pathrof taser heamdltE dnded instructions 2ofir i ve
main controlleézo when an annular (ring-shaped)_ illumination aperture

stop (to be' d&Schited Ayt ffdmination Sy<tem- Spetiré St6p plate 6 {onal
be degcribed 25 lateni_splaced onthegpt icalpa, o Rolanization: o members

conversion member 3)i, is made up of half wave plates 3Aa, 3Ab, 3Ac,

3'H; SAeR3Afp8AarandSRremadecof birefringestematerialssuchsas ectively
placed on the optical path of laser beam LB. Which of
polarization conversion members 3A and 3B, opening member 3C
and opening section 3D is to be placed on the optical path
is determined in accordance with the stop of the illumination
system aperture stop plate (to be described later) that is
placed on the optical path.

FIGS. 3A and 3B show an example of polarization
conversion member 3A arranged in polarization conversion unit
3. Polarization conversion member 3A 1s a member that is
placed on the optical path of laser beam LB under instructions
of main controller 20 when an annular (ring-shaped)
illumination aperture stop (to be described later) of
illumination system aperture stop plate 6 (to be described
later) is placedon the optical path. Polarization conversion
member 3A is made up of half wave plates 3RAa, 3Ab, 3Ac, 3Ad,

3Ae, 3Af, 3Ag and 3Ah made of birefringent materials such as

a uniaxial crystal. As is shown in FIG. 3A, these half wave

plates are placed adjacent to one another around optical axis
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a uniaxial crys-.al. As is shown in FIG. 3A, these half wave plates are
placed adjacent to one another around optical axis 15 AX of illumination,
opti.ra .. system 12 as the center. Half wave plates 3Aa to IAh are held by
a holding member that is placed outside the optical path of laser beam
LB. At half wave plates 3Aa to 3Aa, a difection, which makes 5 a phase
of a li.near_ly polarized light parallel to the direction be shifted by a half

wayelength wish.respect io aiphase of ;a linearly polarized light 111 ¢ yave

perpendicular to the direction, is to be a "datum direction’ . In FIG. 3A, the
datuai directionsoas@lindicatéd: byt dutlinerartaiis: Asidsnslrowniin <. BAaced
at 10 half wave planes 3Aa to 3Ah, each datum direction is -n a different

diPECtoH Hera® 1588r beam PB S alSurhizdtd BeeaMingarly polarized ;:aht
that has g palarization directionsinan X-axis,direc 3400 (which is referred. ..

to as an "H polarized light'). In this case, the polarization direction of laser
15 péarn<d Bfthat isreonveyted by hatfewalvegplates BAalte 13Ah beeomies:ction

the digggiti n as shown in FIG. 3B. In other words, the polarization
|

ditéctiohtof aSer Bedm T8 is EBHGertét? by polarizdtioEatversion Phase of

memher3A intoa ciscumierential, direction (atangent line direction). of a ; .,
circle having optical 20 axis AX as the center. FIGS. 4A and 4B show
polarizatienzconvérsion mmembep82 . arramddds on3golarizaticn: convce<esichons

unit 3. Polarization conversion member 3B is Placed on the opticalgpat:glA .
. , a

uAdér TRSErRtiShs of mAin'cohtratier 205 whefs qiadipble 25t

illyeination,apertdre-stopof illumination syster apgrture ,SteQn 3:e 64 9 o
be described later) is placed On the opti_ca oath. Polarization conversion

m@hﬂﬁgﬁ§gt;@@gﬁgﬁ¢pnnhfﬁﬂﬁe, laser beam LB is assumed to be a
linearly polarized light that has a polarization direction
in an X-axis direction (which is referred to as an ‘Hpolarized
light’). 1In this case, the polarization direction of laser
beam LB that is converted by half wave plates 3Aa to 3Ah becomes
the direction as shown in FIG. 3B. In other words, the
polarization direction of laser beam LB is converted by
polarization conversion member 3A into a circumferential
direction (a tangent line direction) of acircle having optical
axis AX as the center.

FIGS. 4A and 4B show polarization conversion member 3B
arranged on polarization conversion unit 3. Polarization
conversion member 3B 1s placed on the optical path under
instructions of main controller 20 when a quadrupole
illumination aperture stop of illumination system aperture
stop plate 6 (to be described later) is placed on the optical
path. Polarization conversionmember 3B is equipped withhalf
wave plates 3Ba, 3Bb, 3Bc and 3Bd made of birefringent

materials such as a uniaxial crystal. As is shown in FIG. 43,
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wave planes 3Ba, 3Bb, 33c and 3Bd made of birefr-ngent materials
such.. as a uniaxia__ crystal. As is sown in FIG. 4,6 these half wave
plates are placed at predetermined spacing around optical axis AX of
i]..].umination optical system 12 as -he center. Half wave plates 3Ba to
33d are held by a light-shielding memBér that is indicated by diagonal
lines. 3 LIG. 4A shows datum directions at half wave plates 3Ba to 3Bd.

In this case, when laser beam LB/ s assumed toibe,the; H polarized light - ; ¢
(a linearly polarized 'light which polarization direction is the X-axis

direction), ar {potarizatiorsdi&ctidn ot laser beanvbBdhat issConvesteeby 2 as
10 half wave plates 3Ba to 3Rd becomes the direction as shown In FIG.

4B 6fHEY Words tHe pBiaFizalidh iectdit of Jasetbesm LEEid by @
converted Ry polarization.eonversiop member; 3rd seiasfohe donat 11ines.

circumferential. direction (a tangent line direction) of a circle having

optical axX'd AX a8 thewenter 15Referrng back tetFlG 12 openinglates 3Ba
mem?er 3C has_two opening portions that correspond to a bipolar

illGi s‘”Tpa

illaination apertité SOpto bedeschbed fAter) offi. - Uminatibn syséih te
apeture-stop-plate; 6 (Lo be descobed Jater) and opening,member3C is
placed on the optical pat' of laser beam LB under 20 instructions of main
contreliar 20-inctheccasecthedipdlar tithemihation sapéiture stomis, placed on
the optical (g)ath of illumination light IL. Further, opening section 3D has a
réigtively farﬁéocrilrc%ﬁre&bcelrﬁﬁgogor%i%ﬁetﬁa E6/Pesponds to'g converted by

canventipnat ilyminal] og-Aperture stop (ohesdescribed 25 1aten) of s shown
illa-ninati_on system aperture stop plate 6 (to be described | ater) , and
openingSsectibn 3:}is plaeced onthe  optical pathecfilaser beamiliB enden of

infggggogg§£Wj?@s converted by polarization conversion member
3B so as to be a circumferential direction (a tangent line
direction) of a circle having optical axis AX as the center.
Referring back to FIG. 2, opening member 3C has two
opening portions that correspond to a bipolar illumination
aperture stop (to be described later) of illumination system
aperture stop plate 6 (to be described later), and opening
member 3C is placed on the optical path of laser beam LB under
instructions of main controller 20 in the case the bipolar
illumination aperture stop is placed on the optical path of
illumination light IL. Further, opening section 3D has a
relatively large circular opening portion that corresponds
to a conventional illumination aperture stop (to be described
later) of illumination system aperture stop plate 6 (to be
described later), and opening section 3D is placed on the
optical path of laser beam LB under instructions of main
controller 20 in the case the conventional illumination

aperture stop is placed on the optical path of illumination
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controller 2C in the case the conventional illumination aperture stop is
placed on the optical path of illumination 17 light IL. Referring hack to

FIG. 1, laser beam LB emitted from polarization conversion unit 3 enters
fly-eye lens 5. In order to illuminate reticle R with a uniform illuminance 5
distribution, du to incident laser beam LB, fly-eye lens 5 forms a surface

light source that is made up of multiple point light sources (light source
images) on a focusing plane on an exit s'_de of fly-eye lens 5 ,(which
substantially coincides with a pupil plane of illumination optical system

12). 10 Hierée nydftes, &dasertisedm thatlis ehs tted fromnthisisecondapy! from
light source will be referred to as "Il umination light IL'. In the vicinity of the
fggésﬁ Ag plane on e &xit Sida of fiy-aye Ieen%tﬁ%iﬁu minatiohsystemn - "
apedtere stop plate. :6.cerstituted-hy agiscoidrshaped maember is plaged.
As is 15 shown in FIG. 5, on illumination system aperture stop plate 6,

fer example; apranribiar Apefture Stoptfol apauldrdkamiration. (a=amsulaens 5
i_llumination aperture stop 6A) , and a modified aperture stop for, ,
rﬁgéﬁ}gﬁlﬁ%ggﬁgn?cbﬁ%%ogg ‘ofa b%}tfrglifys o?%%%n?ﬁg%%%g%géé) e int
eccentricsarrangement 40 {a gpadrupole - Jum?. ration apertdrestopBe on
and bipolar illumination aperture stop 6C) , ar_ aperture stop composed
ofnaseohivett, Gha&i £ neriay opening {a conventionat ilundinatidry apértgredes

stop 6D) and the like are placed substantially equiangularly. 25 lllumina
igﬁ%s}sstgen?.ua?vjé?-. r?ea&%pomatlsdlg %mrlo?éjttéa%ri/ %ﬁ!\%ﬁfga%lf d r¥vsetl€f Ait j72s>ut:h

asea materthat js gonirol ledebyn a-eontrolsignatfrem main eontroller20,qary
shown in FIG. 1,
light source will be referred to as ‘Illumination light IL’.

In the vicinity of the focusing plane on the exit side
of fly-eye lens 5, illumination system aperture stop plate
6 constituted by a discoid-shaped member is placed. As is
shown in FIG. 5, on illumination system aperture stop plate
6, for example, an annular aperture stop for annular
illumination (an annular illumination aperture stop 6A), and
a modified aperture stop for modified illumination composed
of aplurality of openings disposed in an eccentric arrangement
(a quadrupole illumination aperture stop 6B, and bipolar
illumination aperture stop 6C), an aperture stop composed of
a conventional circular opening (a conventional illumination
aperture stop 6D) and the like are placed substantially
equiangularly.

Illumination system aperture stop plate 6 is rotated by
driving of drive unit 7 such as a motor that 1is controlled
by a control signal from main controller 20 shown in FIG. 1,
and any one of the aperture stops is selectively set on the

optical path of illumination light IL, so that the shape and
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and any one of the aperture. stops is selective y set on the optical path of
illumination light IL, so that the shape and 18 size of the secondary light
source (the light ouanti y distribution of illumination light) on the pupil

plane is limited to a ring, a large circle, four eyes or the like. Incidentally,

in the embodiment, using I'-lumi.ation system 5 aperture stop plate 6, the

light quantity distribution of illumination ‘ight IL on the pupil plane of
illymination -opticaksystem-12 (thgishape and-size of the sgeondary light,
source) is changed, that is, an illumination condition of reticle R is :
changed.ttisiprefarablel however, torsuppeess) 10 fightguantity lossldue 1is
to the,cha ge of the illumination condition to the minimum by making _
intéAsity distributioh St illuhinatiohlight of &fvinéideht GRGR GFr.Ehe Like.
ilumination dight, on the E@Qd%ﬂwé@%é’ﬁﬁ’l}’“%@ﬂﬂ?gﬂtﬂﬁﬂkﬂ’% olens) B en
variable. Therefore, instead of, or combined with 15 illumination system
aperureistopplate 6 lfer exampi-eca Léarfigunatior: can beéierhpldyediinn of
which an ootical unit --hall includes at least pne of a plurality of diffractive
oﬁt@; mélne?n%n?g ;}r& %%sv%ilfchearbléc o thebpticlFath dfitlumni HgtdH ©+on
optical-systens 12y at least pnesprisim. (Such:as a eane PHsIE 20,053 11gnt
polyhedral prism) movable along an optical axis of illumination opticaY
SYstencE2, drfd alvoons Opticalsystem i placedibétwdemiightsduricech of

argcégo(t:igal gwte rator (fI\é— ye lens) 5. efe}g.-:r g?t back to Flét;. 1, on the
optical path of 25 iliimination Tight TLOUIGSIAG Trom illihation §ystetRPress

apedure stoprlate6,1a kelay eptica) systeraicomposed ofia firstrelaylens,

8A and a second relay lens 8B-s placed, with
condition to the minimum by making intensity distribution of
illumination light or an incident angle of the illumination
light on the incident plane of optical integrator (fly-eye
lens) 5 variable. Therefore, instead of, or combined with
illumination system aperture stop plate 6, for example, a
configuration can be employed in which an optical unit that
includes at least one of a plurality of diffractive optical
elements placed switchable on the optical path of illumination
optical system 12, at least one prism (such as a cone prism
or a polyhedral prism) movable along an optical axis of
illumination optical system 12, and a zoom optical system is
placed between light source 1 and optical integrator (fly-eye
lens) 5.

Referring back to FIG. 1, on the optical path of
illumination light IL outgoing from illumination system
aperture stop plate 6, a relay optical system composed of a
first relay lens 8A and a second relay lens 8B is placed, with
a fixed reticle blind 92 and amovable reticle blind 9B disposed

in between.
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a fixed reticle blind 9A and a movable reticle blind 9B disposed in
between. 1.9 Fixed reticle blind 9A. is placed on a plane slightly
defocused _rom.a plane conjugate with the pattern surface of reticle R,
and a rectangular opening is formed thereon that defines an illumination
area on reticle R. In addition, in 5 :ne vicinity of fixed reticle blind 9A (a
plane conjugate with the. pattern surface of reti.cle R), movable reticle

blind 9B is placeddiamving ap ppeningrpariopwhich pesitionand widthi gne1y
are variable in directions respectively corresponding to a scanning
difectioh e ¥-axistire ctioh in this'case) tend a0 hbA-scanniig direcfiene of

(30, Xcaxis diection When scanning exposuie starts and ends, exposure,
on an unnecessary part Is prevente by urther-restricting the ililumination

argaram efeticleiR vismmavablereticleblind O8hy-centrol ofrmaiRidition, in
controller 20. 15 on the optical path of illumination light IL in the rear of

sécond telsy 1eks 8B Corstittiting therétay optical Sy stéai edefledting te with
mier o )faced et eeflects lymination ight It that hos passed throuah,; o
d f g ? in F M on the”

$$v S
secon relay ens towards reticle B, an the rear of mirro

optical loath ©fh20;H ey mmatier: ightd L, cendensenlens 1 isip'aseddn theqdth
configuration described so far, the incident surface of fly-eye lens 5, the
plahe o whith fovabfe feticlel diifid O3S Ptadsty Bndihe satterh Sbrfacko a

Ofs@ilglglﬁgarg i%%t C&H%%"Yé: OQLU E% Wclitp r%rc]:?t ?g%thf"rg’ V‘ggiiestheaég) and a
diffractive optical efement of the diffraction optical element unit Z:not
shewn)scthenpolarization coaversiandneniber of polarizalion ehaversimning
unit ?, the focus- plane on the
exposure starts and ends, exposure on an unnecessary part is
prevented by further restricting the illumination area on
reticle R via movable reticle blind 9B by control of main
controller 20.

On the optical path of illumination light IL in the rear
of second relay lens 8B constituting the relay optical system,
deflectingmirror M is placed that reflects illumination light
IL that has passed through second relay lens 8B towards reticle
R, and in the rear of mirror M on the ocptical path of
illumination light IL, condenser lens 10 is placed.

In the configuration described so far, the incident
surface of fly~eye lens 5, the plane on which movable reticle
blind 9B is placed, and the pattern surface of reticle R are
set optically conjugate with one another, while the
diffractive optical element of the diffraction optical
element unit (not shown), the polarization conversion member
of polarization conversion unit 3, the focusing plane on the
exit side of fly-eye lens 5 (the pupil plane of illumination

optical system 12) and the pupil plane of projection optical
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ex_L side of fly-eye lens 5 (the pupil plane of illumination optical system

12) and the pupil plane of projection optical 20 system FL are set

optically conjugate with one another. Further, the pattern surface of reticle

R and the pupil plane of projection optical system FL have a. relatior of

the Fourier transform. 5 The operatiorf Bf illumination optical system 12
having such-a configuration will now be briefly described. Laser beam

LBy shieh s therpulsed light emitted, fremvlight source: drentees fly-eyger .
lens 5 while the sectional shape of the beam; is shaped, in a state where

tHe' polatizatioredire cicH Withirt TH-the $etfidr slcefiopddotafesied plane

d(i)rg iﬁg j@lctgénaéggglég s‘é‘?é‘%ré’:'a%itﬁ%?‘é’ P OrI%riéaglloonncg V%[xsél.okmounrlg_er
3. With L."_-is operation, the secondary light source described previously
i formetlamthe focusing plane on the exit side of fly-eye lens 5. i5

lllumination light IL emitted from the secondary light source described

above pas3esCiPaugh afyone of tHelagerigre top<can ButiRfiflat-2 deving
syst pert late 6 then ses through the rectangular
o%%(r?i}?:ggofgf?x% %g%g f?l%d ’@E%ncri] ?ﬁqo?/ga Ie% Felt?c%eH %in%eg B {/lla% fi rgs't re aaySer
lens=@ALEhen, 26hi, i lwnih aation fight 1- passesithrewgh seeondrelay leasrce
8B and the optical path of illumination light IL is deflected perpendicularly
dOVW&reShY THirfoY By L&A thel HiukRindtre sight ANMUnfinates e the bean

rectanguliar fllumination.area,on r@t%%';gx@d%dﬁ’} %ec“i%% sfage RSTwith a, ;
uniform itluminance 25 distribution via condenser lens 10."On reticle stage
RSE ret«cle Ris fixed by, fof examplesired direction by polarization
control unit 2 and polarization conversion unit 3. With this
operation, the secondary light source described previously
is formed on the focusing plane on the exit side of fly-eye
lens 5.

Illumination light IL emitted from the secondary light
source described above passes through any one of the aperture
stops on illumination system aperture stop plate 6, and then
passes through the rectangular opening of fixed reticle blind
9A and movable reticle blind 9B via first relay lens 8A. Then,
illumination light IL passes through second relay lens 8B and
the optical path of illumination light IL is deflected
perpendicularly downward by mirror M, and then illumination
light IL illuminates the rectangular illumination area on
reticle R held on reticle stage RST with a uniform illuminance
distribution via condenser lens 10.

On reticle stage RST, reticle R is fixed by, for example,
vacuum suction. In this case, reticle stage RST is finely
drivable within an XY plane perpendicular to optical axis AX

of projection optical system PL by a reticle drive system (not
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vacuum suction. In this case, reticle stage 5ST_s drivable within an Xv
plane perpendicular to optical axis LX of projection optica- system PT" by
a ret e drive system (not 21 shown) made up of a linear motor or the like
and is also drivable a a designated scanning velocity in a predetermined
scanning direction (the Y-axis direction} The position of reticle .stage RST
within a stage-moving 5 plane i s constantly detected at a resolution of,

famexampled areunrd &5t e iwith a seticledasex énterferemeter drivable
(hereinafter referred to as a reticle interferometer’) 16 via a movable

ndifrér 15 SPeSiti6R Inforriatioha(orovedecityy informatiealcseratitlesstageanning
RdSl'E gg{q (r)eticl(%gger@rg}gi%ter %Qeg tis sent. to main controller 20, and
main controller 20 moves reti&e ;tapellf§ Via reticle stage drive system

(drawingramitied) based on the: pesitondafarmation (8MVeloLity: age~moving
information) Projection optical system PL is placed below reticle 15 stage
RSTPIFHE.3a5d e direeficn of optichl axis AXLof projetiionfopticalample,

system ézd'sg %‘ax' direction,, Projection Qpt¢al system PLis, for_
examprfe, a bCiti-Side teTecentr_c reduction system, and includesa

pluralityiofdens elements otishown) having-aptical axissAXdp the Zeaxis 16
20 direction. in common. Further, as p-ojectior.: optical system PL, a .
prdjeclioROptiedr systeht thatthas Hie projection magrifiéation (iofvforocity

CXAMAIG. 1/, 15 .ot the ke is ised,T herefore, when the liumpination, .,
area onreticle R s'it urlnatedeW|ﬁ1 ifurnrnation flngﬁt ?exposureﬁlgf]t L5
asd_s<escribed above, eopattemifermed, onrteticleRds rprejacted omanoves
slit-shaped exposure area on wafer W which
reticle stage RST via reticle stage drive system (drawing
omitted) based on the position information (or velocity
information).

Projection optical system PL is placed below reticle
stage RST in FIG. 1, and the direction of optical axis AX of
projection optical system PL is a Z-axis direction.
Projection optical system PL is, for example, a both-side
telecentric reduction system, and includes a plurality of lens
elements (not shown) having optical axis AX in the Z-axis
direction in common. Further, as projection optical system
PL, a projection optical system that has the projection
magnification P of, for example, 1/4, 1/5, 1/6 or the like
is used. Therefore, when the illumination area on reticle R
is illuminated with illumination light (exposure light) IL
as 1s described above, a pattern formed on reticle R is
projected on a slit-shaped exposure area on wafer W which
surface 1s coated with resist (photosensitive agent), as an

image (partially inverted image) reduced by projection

magnification B by projection optical system PL.
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surface is coated with re _st (ohotosonsitive agent) , as an image
(partia]ly inverted image-) reduced by projection magnification [3 by
projection optical system PL. 22 Incidentally, in the embodiment, of the
plurality of lens elements described above, specific lens elements ‘for
example, predetermined five lens eleméhts) are individually movable.
Such movement of specific lens elements is performed 5 by drive

elementSI%m%%w?@p,ieziqle@m&e@ﬁ@é@ﬂ%gﬁero@a%ép%@ﬁgAqqscy of

element. That is, by separately driving these drive elements, the specific
lelsnelemientscan indivddualiobe moved inparallel aldrgepti¢alraxis AX (for
in accordance with a displacement amount of each drive element, 10 and

adedirRt it WATESFES 1B % planeperpeRdic g™ Sot taFaxisAX Te4if L 1Y
beadded-to the spegificdens elements. indjvidually. dn the embodiment 8.y 4

drive instruction signal used to drive the drive elements described above
isooutdut Wy an dmagéforminy eharacteristicicorrectorcontreller 5dri%ed per

based on instructions from -vain controller. 200, and the displacement

anmouht Bt each drive“alément'is dontroliéd fadcording g drive Y 9riving

instruction signal Jndrejection-optical.system-L baving, the.configurafion
described above, movemen. control of the lens elements by main 20
contitolier2G Vidvimag evforming charmcteristic cohectionontller51s AX in
makes O!_ Rossibl,etgg) ad&ust var.ct:s aberrations (one of orgtical, .
PFOPEHies) Stich' &S HiStdrtiSh, GrvAfIE ot fidld “altighitism  doinTa st/
sphericalgberration-and the like \Wafer-stage 'od J1isRlaged onabasg .+ +o
(n.ofit. shown) below 25 projection optical system It in FIG. 1, and on the
uppérsarface: iof waferstages, J&Towdfet holder Zbsdinfurs-'tédns- waferents

hgggé%idually. In the embodiment, a drive instruction signal
used to drive the drive elements described above is output
by an image-forming characteristic correction controller 51
based on instructions from main controller 20, and the
displacement amount of each drive element is controlled
according to the drive instruction signal.
Inprojectionoptical system PL having the configuration
described above, movement control of the lens elements by main
controller 20 via image-forming characteristic correction
controller 51 makes it possible to adjust various aberrations
{one of optical properties) such as distortion, curvature of
field, astigmatism, comma, spherical aberration and the like.
Wafer stage WST is placed on a base (not shown) below
projection optical system PL in FIG. 1, and on the upper surface
of wafer stage WST, wafer holder 25 ismounted. Onwafer holder
25, wafer W is fixed, for example, by vacuum suction or the
like.

Wafer stage WST is driven in a scanning direction (the
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25, wafer 'vi is fixed, for example, by vacuum suction or the like. Wafer
stage '/I'ST is driven in a scanning direction (the 23 Y-axis direction) and
a non-scanning direct-on (the X-axis direction) perpendicular to the
scanning direction by wafer stage drive system 24 including a motor or
the like. Ir'it_h wafer stage WS,', a step-and-scan operation is carried out
in which S an operation for relatively scanning wafer W to reticle Pto

perfarm scanning-exposuie of eagh.shot aren ga wafecWand alhe x-axis
operation for moving wafer W to a scanning starting position (acceleration

SthkiRg position) forexbistire of the nekeshor are repedtedc 10 They wafer

pasition 81;\/.vafer stage \/¥§[ w hin t:h.e XY plane is constantly detected

with = FeSolution Of. Tof example. Arotid 05 tor1°fink, By = vwafer fAseF Water

inteferometer (heseinafter seferred to as & wafel intexferameter’) 10Vigh i cn
movable mirror 17?. Position information. (or velocity -nformation) of wafer
1515tage WSTas sent to maihicontroller 200 and maifecofitrolfler 20icle R to
perfogns drive control of wafer stage WS'l via wafegr sta%e drive systemW g
2%based on the position iiformation (or- Velodity” informatioh). Etrther, 2"
wafes stage: WS is finely diyen alse inthe, 20 Zraxisdivegtion, &Pk sition
direction (a rotation direction areind the X-axis: pitching direction), a ey
diféétichl @ rotations direEtion aroahd the Y axiseraliimyditeefion)e anda shot
(ngedi£%Cti<§’§t(ea rotation drection around the Z-axis: yawing direction). In

a 3ition, on ¥ +\? side of wafer stage WiST, 25 optical property
measuremesntapparatis 90 (te-be deserbedylater) is arranged. xy plane is

constantly detected with a resolution of, for example, around
0.5 to 1 nm by a wafer laser interferometer (hereinafter
referred to as a ‘wafer interferometer’) 18 via movable mirror
17. Position information (or velocity information) of wafer
stage WST is sent to main controller 20, and main controller
20 performs drive control of wafer stage WST via wafer stage
drive system 24 based on the position information (or velocity
information).

Further, wafer stage WST is finely driven also in the
Z-axis direction, a Ox direction (a rotation direction around
the X-axis: pitching direction), a 6y direction (a rotation
direction around the Y-axis: rolling direction), and a 0z
direction (a rotation direction around the Z-axis: yawing
direction). In addition, on a +Y side of wafer stage WST,
optical property measurement apparatus 90 (to be described
later) is arranged.

An alignment detection system AS is placed on the side
surface of projection optical system PL. In the embodiment,

an image-forming alignment sensor that observes a street line
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An alignment detection system AS is placed on the side surface of

projection optical system PL. In the embodiment, an image forming
alignment sensor--ha- observes a street line 24 or a position detection

mark (a fine alignment mark) formed on water W is used as alignment
detection system AS. '1'he de -_ai'ed € bnfiguration of al gniment

detection system AS is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) Ne. 9:219384, and4he) rormed
corresponding U.S. Patent No. 5,859,707, and the like. The observation
regultsByealighmentdétéction systentAStaressuppliedo iy ccontollerThe

2Q. As lang,as the national.laws in designated states (or elected states .
(o e s BASHRR A 6 hp oA Sopled it e Sboren ke i

disc-osues of the publicatien and the L4 S. Ratgntareingorparated hesginent
by reference. Further, in exposure apparatus 100 in FIG. 1, a nulti_point .
fosalP positibn deteetion system (280225 215 abrangetthdtds onereffoend ing

d%teg t.io'@a?’ Y g%ecm Igéoc ag pgig é 9Cti0ann%ysgﬁ? Si ZtLJ yan OPP]%U %Zki_%%q:%%tt ion

method Is arranged "and aséd for detecting the position in the S

direction: {am,opticalaxds AX direetionm) withis:the expasuresarga and thenain
areas in the vicinity of the exposure area on the surface 20 of wafer W.
Thewletailedceontigurationoftfe afustpoine focaagositiors détectiopignated

SYUSILZL 22) gnd the fhe e dclosed f fof cxample Kokl - coar

(Japanese Unexamined Patent Agpp’l-ca lon icati

angshe-earrespordige U.SdPatentNe., 5:448,382vand the like The of the
detection 25 results by the multipoint focal position detection system (21,
2P)8 elsiigplied o Raim Contr fler 23 'lphgaascthensateprgrated herein by

reference.

Further, in exposure apparatus 100 in FIG. 1, a
multipoint focal position detection systém (21, 22) 1is
arranged that is one of focus detection systems (focal point
detection systems) by an oblique incident method is arranged
and used for detecting the position in the Z-axis direction
(an optical axis AX direction) within the exposure area and
the areas in the vicinity of the exposure area on the surface
of wafer W. The detailed configuration of the multipoint
focal position detection system (21, 22) and the like are
disclosed in, for example, Kokal (Japanese Unexamined Patent
Application Publication) No. 6-283403, and the corresponding
U.S. Patent No. 5,448,332, and the like. The detection
results by themultipoint focal position detection system (21,
22) are supplied tomain controller 20. As longas thenational
laws in designated states (or elected states), to which this
international application is applied, permit, the above

disclosures of the publication and the U.S. Patent are
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laws in designated stales (or electec, sta..es), to which this international
application is applied, permit, the above disclosures of the publication and
the U.S. Patent are 25 incorporated herein by reference. Next, optical
property measurement apparatus 90 arranged at wafer stage V}ST will be
described. FIG. 6 shows a model of cémponents that are placed on th
upper surface or the inside of housing of optical -roper _v measurement
apparatys 90-shown in-FnGo . Asis shawa, in FIG. 6, optical property
measurement apparatus 90 is equipped with a narking plate 91, a
collimatof eptzicalrsyster 92 @redpticalsyste eIt o3 and satus 90
hotodetector 95. 10 Marking plate 91 is placed at a height position (
%gfigngi?éct%n Vﬁ%gff-%nsﬁﬁgte?sﬁt e é'“yalr%g as. 'I%eesglfr%g%e&c‘)f v?e?r%r' \% shows
heldenavafer stage \WSi-lso asde hearthogonaktaaptical awsdAX(race
refer to FIG. 1) On the surface of marking plate 91, a light-shielding film
afso $éring as agefléctiorhfilis 15ds fdrniath by vaperdepasition of mitaiment
such as chromjum,.and a circular apening 91a is formed i enter
ehin o the Rt St The Nt el firs e Sl
upnegessarylight from entering sellimatop opticak systeme92,,\When marking
wavefront aberration of projection optical system PL is 2C measured. In
addition, oh the periphety bt bpening-9la of tHetight-shiglditgt il threestem
or rrlnocregnjai[as (él %air%ion lgl >, g%% t;\E/_vqa-gi_men_siona_l positiop detecti_on
mark 9lh are ormecf, on |c$1 a position relation with opening 91a is
known indesigm.g As tve-dimessionat position detegtiopmark 848, A theax: s
25 embodiment, a cross mark is enp-Dyed. The cross mark can be
dete@ed by alighinéritdetettion systémeasame as the surface of wafer

W held on wafer stage WST so as to be orthogonal to optical

optical

axls AX (refer to FIG. 1). On the surface of marking plate
91, a light-shielding film also serving as a reflection film
is formed by vapor deposition of metal such as chromium, and
a circular opening 91la is formed in a center portion of the
light shielding film. The light shielding film can shield
unnecessary light from entering collimator optical system 92
when wavefront aberration of projection optical system PL is
measured. In addition, on the periphery of opening 91a of the
light-shielding film, three or more pairs (4 pairs in FIG.
6) of two-dimensional position detection mark 91b are formed,
of which a position relationwith opening 9la is known in design.
As two-dimensional position detection mark 91b, in the
embodiment, a cross mark is employed. The cross mark can be
detected by alignment detection system AS.

Collimator optical system 92 is placed below marking
plate 91. Illumination light IL via opening 9la of marking

plate 91 is converted into parallel beams in a vertical
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Collimator optical system 92 is placed below marking plate 91.
lllumination light IL via opening 91a of marking plate 91 is converted into
parallel beams in a vertical 26 downward directio; by collimator optical
system 92. On optical system unit 93, an opening section 97, a
mi_crclens array 98 and a polarization €etection system 99 are placed
spaced apart at a predetermined equal angle around a 5 predetermined

rotation axis. By-thedotation ofdbe retation-axis: 9pgning.section 4,
mi_crolens array 98 or polarization detection system 99 can be placed

selecl.iveéiy ofrinisisticad Ygdth{a positiohcorrespapeing o ar optical &is 2

rotation axis is periormed by a dfive Unit (not shown) tnder indtrtictioh of ¢

main eentrofler-20. Opening:section 94 makes: theparadlelbeans emittedng -
from collimator optical system 92 pass through directly. By placing
OPERITYSECTiONTT Bntthe optical path db flidmiaticm t5dightfitthe rotation

photagete, or 95,can measure,2 pupil image In this, cage, the pupl
image indicates d light'source infage formed on a pupil plane of projection

opticalsystemRis bythe light r-eidept an projestien opticalsysteanPbia -4 1
a pinhole oatLern (to be described later). Incidentally, openi_ngspot
ioNO7Pay Z0°bé etpipped Withts frdnsmittingmerabecthardit edfl ) of the

transmits _the parallel beams. Micrclens array 98 is configured of a
pﬁﬁiﬁk v 1€ P filmagor %§@1c? ~E§%§é%§%é' qg ré%a 1on of the

ity of smaﬁ ense micro enses e disposed i1an array

arangementawithin a planecorthegenaltothewptical path.otohe-mere 2&ier
specific, microlens array 98 is an array in which multiple square-shaped
microlensesitaving eqliarside tengths sre 20 -

Opening section 87 makes the parallel beams emitted from
collimator optical system 92 pass through directly. By
placing opening section 97 on the optical path of illumination
light IL, photodetector 95 can measure a pupil image. 1In this
case, the pupil image indicates a light source image formed
on a pupil plane of projection optical system PL by the light
incident on projection optical system PL via a pinhole pattern
(tobe described later). Incidentally, opening section 97 may
be equipped with a transmitting member that directly transmits
the parallel beams.

Microlens array 98 is configured of a plurality of small
lenses (microlenses) that are disposed in an array arrangement
within a plane orthogonal to the optical path. To be more
specific, microlens array 98 is an array in which multiple
square-shaped microlenses having equal side lengths are
densely arrayed in a matrix arrangement. Incidentally,
microlens array 98 is produced by performing etching

processing to a plane-parallel glass plate. At microlens
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densely arrayed in a matrix arrangement. Incidentally, microlens array 98
is produced by performing etching processing to a pla e pa'-a_'_e- glass
plate. At micro-Lens 27 array 98, each mic olens emits an image-forming
'‘beam of an image via a pinhole pattern (no be described later) formed at
opening 91a of marking plate 91. FIG. 7’shows a model of an opt'-cal
configuration of polarization detection system 99. As is shown in FiG. 7,

pelarization detectionsystemI%isaquipped With-a,guarer Waye-plate of an
99A and a polarization beam sputter 993. incidentally, polarization beam
spteere092. 3s driginay Leséthto-Bramcht@bbamdptrtwd béamstinr) formed
ag%orgagg§ Alvitf‘b%aloo ollﬁariz Eign dirfg;{%n.gHowever, in this case,
polariz%tlon beam splitte.r 99 op%rgtes o] malk'e only a polarization

component in a spegif-esdirectiondpassrthreuglhs angitherefere, HIG: Yon of
shows such an operation. In FIG. 7, quarter wave p-date 99A and

pBratizatién beam Splutief 998 af# arrihged rotatable 15 =vound eofiifear 7,
rotation axes.. Their, rotation positions can Joe controlled by driving of a
G D EH o o e o e A SoL T & Guareer

Aceordinglyrelatire zotationpositions-0f quartes save-plate- 99Aang,
polarization beam sputter 99B can he adjusted by main controller 20. The

20pataifel behhis eRfi-Led fromt Eollinteroptical systen? 92 passothirobghlly

quadsr wave plale, 99 and polarization beam soliter 998, Photodetector

95is conf?gure%l of a ﬁght-recelvmg e\}ement &erelnafter referred t6 as a

9ba made up 0fn25ia twe-dimensionat GGD anthenlike anselegirc et tion

95h such as charge-transfer control circuit, and the like. CCD

beam splitter 99B operates to make only a polarization
component in a specific direction pass through, and therefore
FIG. 7 shows such an operation. In FIG. 7, quarter wave plate
99A and polarization beam splitter 99B are arranged rotatable
around collinear rotation axes. Their rotation positions can
be controlled by driving of a drive unit (not shown) under
instructions of main controller 20. Accordingly, relative
rotation positions of quarter wave plate 99A and polarization
beam splitter 99B can be adjusted by main controller 20. The
parallel beams emitted from collimator optical system 92 pass
through quarter wave plate 99A and polarization beam splitter
99B.

Photodetector 95 is configured of a light-receiving
element (hereinafter referred to as a ‘CCD’) 95a made up of
a two-dimensional CCD or the like, an electric circuit 95b
such as charge-transfer control circuit, and the like. CCD
95a has an area large enough for receiving all beams that enter

collimator optical system 92 and are emitted from microlens

array 98. Further, CCD 95a has a light-receiving surface on
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95a has an area 'large enough for receiving all beams that enter
collimator optical system 92 and are emit-ed from micro'_ens array 98.
Further, CCD 95a has a light--receiving surface on 28 a plane, which is
an image-forming plane on which an image of the p?nhole pattern (to be
described later) formed at opening 91&8s formed again by each microlens
of microlens array 98, and is optically conjugate with the formation plane

50fopening..&la:1n additic™s, the lightreceiving surace is Jecated an arzge
pane lightly deviated from a plane conjugate with a pupil plane of
pfojeétioh eptical systentPEnwhéen bperting settion! 974$ placeticomtite at

optica path described. above. 10 ma i ncontrcller20 includes the so-called
ISUbBULLE (o7 whiHAtao R AL s Borket e By & PO (Lot oo =ns
Pracesging Unith ansinternalamemary s4ch As-REMKRead Qv MeBory) ane

and RAM (Random Ac --ss Memory) , and the like, and the overall control
oPéxpesurenapParatus 106 ixrealized bythel 1% TPU exedutingptieirface is

pﬁofgcra@ loaded on{he internal. m more%é\!é/gd ng rinciqle of

polarized Mdmination that canbe used in exposute SPparatus 100 Wit e
briefty, deseriked next referring:te FiG: 801G 8 shawsa,madel of 2 yhen

relation between a pupil plane of illumination optical system 12 and reticle
2CrRNOtersEoiponetts ofsllummation opticaksysterhc? are idmitteddnibed
tha%d@gving. Further, a line-and-space pattern (hereinafter referred to as
anL/s pattern’) having periodicity in the X-axis direction and an L/S

pattern hawing qeriogicityeln the i¥raxisditeet,onareasswnas obe omputer
formed 25 on reticle R. FIG.8shows a state where .annular illumination
aé@ﬁuwprkstation) that is constituted by a CPU (Central
Processing Unit), an internal memory such as ROM (Read Only
Memory) and RAM (Random Access Memory), and the like, and the
overall control of exposure apparatus 100 is realized by the
CPU executing the program loaded on the internal memory (RAM) .
The principle of polarized illumination that can be used
in exposure apparatus 100 will be briefly described next,
referring to FIG. 8. FIG. 8 shows amodel of a relation between
a pupil plane of illumination optical system 12 and reticle
R. Other components of illumination optical system 12 are
omitted in the drawing. Further, a line-and-space pattern
(hereinafter referred to as an ‘L/S pattern’) having
periodicity in the X-axis direction and an L/S pattern having
periodicity in the Y-axis direction are assumed to be formed
on reticle R.
FIG. 8 shows a state where annular i1lumination aperture
stop 6A of illumination system aperture stop plate 6 is placed
on theoptical pathof illumination light IL under instructions

0of main controller 20. Further, it 1is assumed that
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stop 6R of 1 1 1 uminat_on system aperture stop plate 6 i s placed on the
optical path of illumination light TL u..nder inatructicns of main con-roller
20. Further, ?_t s assumed that 29 polarization control unit 2 sets a
polarization direction of aser beam -,1 as H. polarized | i ht a polarized
light having a polarization direction in the X-aids direction) and
polarization conversion member 3A of polarization conversion 5 unit 3 is

plased ontheioptical path of laser beamlB, With this.arrangement the, , ¢

polarization direction of illumination light' L that passes through annular
illupfinationzapéfure WtepiaAoisadefaret 5bods td be @lcircumsférentiak having
direction of a circle 'paving optical axis AX as the center, as is shown io in
FIG P8 Thiig Sillamination light L. éfterd feticle R gb’?@&éﬁe‘?ﬂnéﬂqd
aﬁgﬁﬂﬂﬁwﬁ%igﬂn&@ﬂd@@ggahaﬂg%b@ka§Aﬂ3%q59¥§319§€@%9p6gﬁwg%5ion

of thcs incident angle 4 is proportional to a distance from optical axis AX
ofiflumidatienréptical systérmel 21o-theademtert posifiohecfean aaauldB.  With

opening 15 section (hereinafter referred to as an 'anrri.)lar area’). Inthe
OO IR SUTTERE 1L 14 & ot v Ao Be LG B € foagHgrac Lo

paradlel, toa eircumisrential d&@?ﬁg‘a@hc’famﬁlﬂnﬁﬂIquﬁr%i%%piu%iberture
plane of the illumination optical system, illumination light IL becomes an S
pélarized220tig it rebpeet erreticléeoR as isishowrf frEIG. 18 IThiel :Sction

polarized light in this.case has the same meaning as the S polarized light
gf—:?rffle‘?al(fyl 5% ined i %hnego%ﬁgsicfr?d Oiﬁéi?:a%s%%&%?iz%%ﬂfg% which"® shown
pokarization directionds perpendiciiarde a lanedneluding apropagating r 4t

direction 25 of illumination light IL and a normal line with respect to reticle

Ra Whien! edticien Ruigd. llemy l-atechwith sech andimciglent ncident angle ¢ as
the center. The value of sine of the incident angle ¢ is
proportional toadistance fromoptical axisAX of illumination
optical system 12 to the center position of an annular opening
section (hereinafter referred to as an ‘annular area’).

In the case illumination light IL is a linearly polarized
light that is roughly parallel to a circumferential direction
of the annular area on the pupil plane of the illumination
optical system, illumination light IL becomes an S polarized
light with respect to reticle R as is shown in FIG. 8. The
S polarized light in this case has the same meaning as the
S polarized light generally defined in the optics, and
indicates a polarized light which polarization direction is
perpendicular to a plane including a propagating direction
of illumination light IL and a normal line with respect to
reticle R. WhenreticleR is illuminated with such an incident
orientation (incident angle ¢ and the polarization state),

it becomes possible to improve contrast and the like of an

image of the L/S pattern projected via projection optical
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orientation (incident angle 4) and the polarization state), it becomes
possible to improve contrast and the like of an image of the LVS pattern
projected via projection optical. 30 system PL. Incidentally, the reason is
disclosed in Kckai (Japanese Unexamined Patent Application
Publ-cation) No. 06-053120, the PampHlet of International Publication No.
WO 2004/051717, the corresponding U.S. Patent Application No. 5

14/:4Q:403and thedikes Asslong as:the nationahlaws in; designated statesa 1
(or elected states), to which this international application is applied,
perHRe IS b Ve Histlositre8 F¢hé pliblidationt tve) PBrphiet ahetheNo -

2. Fatent Anplicaion, age Incorporated hetein by eference. 10 Futther,

mbodiment, alSo In the case guadrupolé Grmination aperjtl?r% st%p
6Bookilumination systemaperigenstopplated and, pelarizatign i cation No.
conversion member 3B of polarization conversion un-t 3 are placed on
opticardxisd AX, 2sificé aepdiakization Statersd ilfumiRdtondighenak d248s in
cgggmfere@ggl di %c;ttiosn o<f a cirgleeca,{ggnd 9§%i%al axi% g\xwﬁs tlﬁl]e enter
t

as is shown in FIG. 4%, the 1|E)0Far|zat|on state of i?ll’Jmlnatlonll?g can be

the Scpolarizaticn with gespeet i ththesswface: efaptigle R whichhaakes ite
possible to 'improve the contrast of a pattern -mage on an image plane.

2B INEXO BXpESUrelopetationd of Expdsite dppardtesrod st thend the U.S.

ehadiment wil be deserived apgorcing o foncharts in, FIGS 91042,
that show s n?p ifie processing algorithms of main con-roﬁ r 20, while =
referring te other drawingsavihenoseeded. Incidentaly: ethis casg: dhe upole
description will be 25 made on the assumption that exposure of a first

|yt B wafer W He Besit alredidy EofripletediEnd BxposLTE Df SBcorRir ture

anop plate 6 and polarization conversion member 3B of
polarization conversion unit 3 are placed on optical axis AX,
since a polarization state of illumination light IL is a
circumferential direction of a circle around optical axis AX
as the center as is shown in FIG. 4B, the polarization state
of illumination light IL can be the S polarizationwith respect
to the surface of reticle R, which makes it possible to improve
the contrast of a pattern image on an image plane.

Next, exposure operations of exposure apparatus 100 in
the embodiment will be described according to flowcharts in
FIGS. 9 to 12 that show simplified processing algorithms of
main controller 20, while referring to other drawings when
needed. Incidentally, in this case, the description will be
made on the assumption that exposure of a first layer on wafer
W has been already completed and exposure of second and
subsequent layers will be performed. Incidentally,
aberration of the optical systems inside optical property

measurement apparatus 20 1s to be small enough to be ignored.
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subsequent layers will he performed. Incidc.-Lally, aberration of the
optical systents inside optical property measurement apparatus 90 to be
small enough to be -...gn.ored. 31 As is shown in. FIG. 9, first of all, in
step 102, subroutine processing of optical property measurement is
performed. In subroutine 102, first, in stép 122 in FIG. 10, an illumination
condition for performing optical property 5 measurement is set.

Specifically, mainseentrolier 28rsets dhe molarization aflaserbeam | B to
the H polarization in polarization control unit 2, rotates illumination system
apERurEIStope|atecs by triving drive Uit T, apdqscesy conventionmaént is

illumination a erture stop 6D on the gptical pat.h 10 of illumination light IL.
A?s%r,?rﬁarirﬁec%htro [r 20 Fotates” ¢ 8§Zat|olrifé5nvé%i(§ﬁ%ill§%yl&r?@ﬁ - 10,

ates pola

deivie unit.4.and tplaces openingsectiop 31 o the optical path-of lasefc v+
beam LB. With this operation, illumination to reticle R by the conventional
aperare-stopdan He wrade fivexpdsmeldpparstus IS 1u0o thisase te the

PuBlimage farmed witin 3 pupl plane, of projecton optcal system PL

H
as a circular shape. Next, in ste , d measurem

InbIG. k3 iscloaded oncreticle stage RST o using A reticleqloader {pots s tem
shown) , and also predetermined preparatory operations are 20
péHermed cOn ritaSrehterft reticlé R iawisdshiown MEIG.71.3,apliralityces

Ogglﬁlxl;]grll Q%t;%%rf' S Ieuﬂg_ﬁa]tsﬂgr%( I!axzﬁse?%gl@ghso’é%gs%g’gnngIE% %3 &acrgl path
arras-.ged in a matrix ~ ,arrangeme t avingar Jrection a

celamn direetan inthe Xaxis 125 direction and;in theyraxig direction r ot st es
respectively, in a state

polarization conversion unit 3 by driving drive unit 4 and
places opening section 3D on the optical path of laser beam
LB. With this operation, illumination to reticle R by the
conventional aperture stop can be made in exposure apparatus
100. In this case, a pupil image formed within a pupil plane
of projection optical system PL has a circular shape.

Next, in step 124, a measurement reticle RT shown in FIG.
13 is loaded on reticle stage RST using a reticle loader (not
shown), and also predetermined preparatory operations are
performed.

On measurement reticle RT, as is shown in FIG. 13, a
plurality of pinhole patterns (in FIG. 13, 3x11=33 of pinhole
patterns PH, (n=1 to 33)) are arranged in a matrix arrangement
having a row direction and a column direction in the X-axis
direction and in the Y-axis direction respectively, in a state
where measurement reticle RT is loaded on reticle stage RST.
Incidentally, pinhole patterns PH; to PH3; are formed within
an area having a size of a slit-shaped illumination area that

is indicated by a dotted line in FIG. 13.
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where measurement reticle RT is loaded on re io;e stage RST.
Incidentally, pinhole patterns PHi to PH,, are formed within a._ area
having asize of a slit-shaped illumination area that is indicated by a dotted
line In FI:G. 13. 32 In this case, as the predetermined preparatory
operations, detection of a relative positidn of measurement reticle RT to
projection optical system PL, baseline measurement of alignment

deteCtionﬁysﬁm£%§@9,th§4ik€f%eM@MJ&@%%%%%&?E@C@
alignment system not shown) , a position relat-ion is detectod between a
paipof fitst ofiducidktracks forned enrafiduciabmark ptate{not shewn ) gment
wafer st %e WST and images, of reticle alignment marks, which ,
c&?&ﬁ?nd {0 the it fid GGiar arkd %hcr%géagé’r%ﬁght%ticlkéaﬁ? RTVia

praiectionqptical system;Rle h bedetection af the RaSIHANILIRUONRIS | ke are
performed in a state where reticle stage RST is moved to a position at
whichftheraréa intlicated by a dotteddineson measutementretickyRTen  (not
Fls(};q@%% ubstantially, coinc'&des,with the illumination area described

previcUsly. 19 Rigxt, 1)/ méving Witer $age WsT a predietetmings.” ©f first
distanceiwithin, the; XY-plane, apositipngelation wth respect to the denoun)
-ction center of alignment detection system AS is detected, and the
baseting of dignnent GetedtionsystemtAS isimeasurepeased vathe, which
fore%oin ositi%n r lationsf? d the measurement 20 values of

inter éfreon%fvre?rcgtl% Hhd 7B at e e 'St alEcling the Yedpactivis psttion <+ ©

retationss Ip they pext stepe step520, Mmisralens arrayrdl isiplaced iR of the

optica], ax=is .AX__ by rotating optical system unit 93 of optical property

measifemant appaiatnsioCr 251 m tive Aeit :dept stop 12818 pedition e stage

r%@ﬂpqge%g%%é to a position at which the area indicated by a
dotted line on measurement reticle RT in FIG. 13 substantially
coincides with the illumination area described previocusly.
Next, by moving wafer stage WST a predetermined distance within
the XY plane, aposition relationwith respect to the detection
center of alignment detegtion system AS is detected, and the
baseline of alignment detection system AS is measured based
on the foregoing two position relations and the measurement
values of interferometers 16 and 18 at the time of detecting
the respective position relations.

In the next step, step 126, microlens array 98 is placed
on optical axis AX1l by rotating optical system unit 93 of
optical property measurement apparatus 90.

In the next step, step 128, a position relation between
optical property measurement apparatus 90 attached to wafer
stage WST and wafer stage WST is measured. More particularly,

by sequentially moving wafer stage WST, each position on a

wafer stage coordinate system of at least two two-dimensional
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optical properly measurement apparatus 9C attached to wafer stage WST
and wafer stage WS'i" is measured.. More particularly, by seouentially
mov-ng wafer stage WST, each position on a Wafer stage coordinate
system of a leas_ two tiro-dimensiona 33 position marks 91b on marking
plate 91 of optical property measuremeéht apparatus 90 is detected using
alignment detection system AS. Based or. the detection results of the

pesiions -a pesition relationbetweenepening 913 0f marking plate ALeE v+
optical property measurement apparatus 90 and wafer stage WST Is
atearatelyrobrdinedusing aprédetemiheie @t@t@tinaﬁwnp&qumgmuch

a tt%% I%%st-sqsuar%ts m tls“ugd. @s a conse (Lf)Jhence, based on position

City i Wafef fritererdmater 13, °fo the

information’ (veloeity information) outdut f

the, XYrpesition-opepening-91a can beaceurately defegted, AlSQ, & marking
position of opening 91a can be set at a desired XY-position with good

precisiorn, by tomralling theqpusitiahnebwafemstageaWSTrbased Bhahe wafer

detection ult of the XY-position and.the baseline measured previously.
L rHE TaeT ot S 1A LY T ot Ao 12418 oh GREIELPERLIg
plane:(the XYzplane)perpendigulanto,optical naxis £% of prpjection gptigaly

system PL is measured, using the multipoint focal position detection
system (2E1,22)CAethechend stéR steh 282 by Adjustingre tilt of wader

st 20 WST .based on the measurement --es.; 't of tilt of ra late 91,
a@ﬁgt%fotﬁje\'/\é&pﬁer}a%u“r%%telg rrar ang %?atg‘g 1'ig’ %ggée 16 %%lrnfg? Shithsd 18

tilt iof animage: plang (o appapRre¥imate plane vt the image plane)ofcct eq.
projection optical system. PL. 25 In the next step, step 134, wafer stage
WSF9s moveesd ion of opening 9la can be set at a desired
XY-position with good precision, by controlling the position
of wafer stage WST based on the detection result of the
XY-position and the baseline measured previously.

In the next step, step 130, a tilt of marking plate 91
with respect toaplane (the XY-plane) perpendicular tooptical
axis AX of projection optical system PL is measured, using
the multipoint focal position detection system (21, 22). 1In
the next step, step 132, by adjusting a tilt of wafer stage
WST based on the measurement result of the tilt of marking
plate 91, a tilt of the upper surface of marking plate 91 is
made to coincide with a tilt of an image plane (or an
approximate plane of the image plane) of projection optical
system PL.

In the next step, step 134, wafer stage WST is moved so
that opening 91la of marking plate 91 of optical property
measurement apparatus 90 coincides with a datum measurement
point in the field of projection optical system PL, for example,

a measurement point at the field center, that is, a measurement
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tha opening 91a of marking plate 91 of opt.c.al property measurement
apparatus 90 coincides with a datum measurement point in the Lie- -d of
projection optical system PL, for example, a measurement point at the
field center, that is, a measurement 34 poin_ at a p siticn (on optical axis
AX) conjugate wit_ pinhole pattern PaZ# with respect to projection optical
system PL as shown in PIG. 13. With this operation, optical axis AX of

opticaksystems:toibe exanined (iHuminatian optical system &lziandpinhole
projection optical system PL) becomes coincident with optical axis AX1 of
opficalgroperty néasurentart apparaise 90¢ inithe nextistep, steptEd6 4 as

polarization state of _il'_um_.nation light I, is set. Specifically, main .
cghﬁgﬁerllio Sédjll,lléfs ?g&oe}a‘riz{;ﬁib% |LPé:’c]f%Fllo?rfésé)|pﬁﬁe%:rﬁ Boy° % °f

retating the hadfrwave plateordhedikedn polarizations €oRtobek< 41 2. 40 stem
this case, a rotation amount of the half wave plate is adjusted so that
il ationtiight 4t becopidst the H polarizatigtte $5nathemiext steprt with

step_1-38, an apti 3 position (a best focus position) of wafer stage )
Wt 1S3t Eabed on BhaGihy TN (ot 1 e g JeEe
obthe imago of pinhole pattern PH17 formed again on the light-receiving
surface of CCD 95a by each microlens constituting m_crolens 20 array

98. The searéh processirtf &l he Specificdlly deserdbed befovpTiraate of

optical arrangement wh erforming th searc{.of optimal. Z position,
IO T AB e St ATohe Haeal 2t AXF o GEAISaT wrperty -1 Forted1Tex

MEAsWgment apparatus 90-antbepticat 25taxis AXrofiprejection-eptical 1y
system PL, is shown in FIG. 14A.
rotating the half wave plate or the like in polarization
control unit 2. 1In this case, a rotafion amount of the half
wave plate is adjusted so that illumination light IL becomes
the H polarized light.

In the next step, step 138, an optimal 7 position (a best
focus position) of wafer stage WST is searched, based on
imaging data IMD1 that is the imaging results of the image
of pinhole pattern PH;; formed again on the light-receiving
surface of CCD 95a by each microlens constituting microlens
array 98. The search processing will be specifically
described below.

The optical arrangement when performing the search of
the optimal Z position, which is developed along optical axis
AX1 of optical property measurement apparatus 90 and optical
axis AX of projection optical system PL, is shown in FIG. 14A.
In the coptical arrangement shown in FIG. 142, when main
controller 20 makes light source 1 oscillate laser beam LB

and 11llumination light IL is emitted from illumination optical

system 12, the light (illumination light IL) that reaches
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In the optical arrarac*r.e_ L s,".own in FIG. 14A, whe_-i main controller 20
makes light source ]_ osci--late laser beam LB and illumination light IL is
emitted from illumination optical -ystem 12, the light (illu na_ionn light IL
that reaches 35 pinhole pattern P_11; of measurement .reticle RT is
emitted from pinhole pattern PHv as a8pherical wave. Then, the light is
condensed at opening 91a of marking plate 91 of optical property

measiement-apparatys 90 afterpassing.through siprajectiangptical o from
system PL. Incidentally, the light passing through pinhole patterns PH1 to

PHI6 @t Pilja-torP 1223 ether thahphilclé patteen PHEhdoesaotight is
reach oBening 9la. The wave ront of the IigoLht condensed I?ltO ening 91a

i the Tanner desdribed shove’(tive bBAM of tRefiage of piftiolePro <21
pattepe PH1, fermed inside open=ng 91:a on the surface of marking. plate

91) becomes a rough sphere including wavefront aberration of projection

optieaksystern R tTlva fightysessing throubhopésinige 914 is torvériethby
coi_] _mator on_~cal system 92 intg ;parall oeams and enters 15
e s S O EACK G L bt 1 PIC 1A of FRSIordhs difag ™™

98:fpEpstakimage ob pinhole pastern:PH1 B uhich,has been $apgdng 91a4.
inside opening 91a on the surface of mar',',{in ---ate 91, on an optically
cOnfugere plarmesf markihg plateh91 cthvad is) sisslimagingplane (thea in the

light-receiving surface) 20 of CCD 95a. Accordingly, on the imaging plan
T G aeht Hanal (Fragde 5 BARO! phtel PR AGhigh, E1RAo1e

apangerem, ;anc- embek corespondte t:hese,of naicrelenses o f marking
constitutinn microlens array 98 are formed. CCD 95a picks up the spot

ifagés formedsirthesinfaging planeciihe fightrebefing suFfsaed 251t
Ir(ggggfnlga%ata 'MD] obtained b thed%‘tc:k<fo of CCD %SLa_ is

10n of projectron 1cal system

The light passing through opening 9la is converted by
collimator optical system 92 into parallel beams and enters
microlens array 98. Each microlens (refer to FIG. 14A) of
microlens array 98 forms an image of pinhole pattern PHiy, which
has been formed inside opening 9la on the surface of marking
plate 91, on an optically conjugate plane of marking plate
91, that is, the imaging plane (the light-receiving surface)
of CCD 95a. Accordingly, on the imaging plane of CCD 95a, spot
images (images of pinhole pattern PH;;) which arrangement and
number correspond to those of microlenses constituting
microlens array 98 are formed. CCD 95a picksup the spot images
formed on the imaging plane (the light-receiving surface).
Imaging data IMD1 obtained by the pickup of CCD S5a is
transmitted to main controller 20.

Then, while stepping wafer stage WST in the Z-axis
direction via wafer stage drive system 24, imaging data IMDI1

is loaded. Based on the loaded imaging data IMD1, the optimal
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transmitted to main controller 20. Then, while stepping wafer stage VJST
in the Z-axis direction via wafer stage drive system 24, imaging data
)1D1 is loaded. Based on the loaded imaging data IP451, the oct_imal
36 2 position of gaiter stage WST is searched by locating a position in
the 7-axis direction where, for examplée fcontrast o pot images is at
max=imum. In the next step, step 140, polarization detection 5 system 99

iy placed oBopticakaxis AXd of villam'ination light; Ibpy setating Ppticak i + i on
system unit 93, and in step 142, a polarization state of illumination light IL

is- hédsuredaThe déetectiohanetiotref alpolatzatinor state of Hlluminatibnspot
Ii%[t%ta I'g.swglsb%ge%%i{b%dubelow. 10 As is shown in FIG. 7, a transmitting
ofientation of polarlzaﬁon%'eam solitter 99B is to coincide with the X axis.

In this state, guarteewavef:gte 89A s ratated, d he rotation, @mEuntds ; on
expressed by 3 using the X axis as a datum. In this case, the quarter

waketsiEte eahthe retstedanithinta Fange 155 Hegfeeld ord 860 1on 1ight

degrees, and CCD 95a receives illumination fight IL every.time quar
e SOk o BT . reUGArED sgtion Sngle, S o fe 2
light-eeceidng ciesults; @ pelarizationstate-of dlugHnation; TightdkiSed. The

computed. 20 Intensity I(S) of the light that polarization. beam splitter 993
tranSATIS IS YRRRRARE follwing eeubtion. SEyuatignil]lunination 1ight
(Orreeste pamia Bpsrlan adnaveatn 0 o
an amplitusleibetweentherX axis.and the ¥ransmitting orientation of
polarization beam splitter 99B is to coincide with the X axis.
In this state, quarter wave plate 99A is rotated. The rotation
amount is expressed by 6 using the X axis as a datum. In this
case, the quarter wave plate can be rotated within a range
of 0 degree < 8 <360 degrees, and CCD 95a receives 1llumination
light IL every time guarter wave plate 99A is rotated by a
predetermined rotation angle, and from the light-receiving
results, a polarization state of illumination light IL is
computed.

Intensity I(®) of the light that polarization beam

splitter 99B transmits is given by the following eguation.

[Equation 1]

1(0)=1,(2+cos2a +cos2a cos46 — 2sin 2asin § sin 20 +sin 2z cos 25 sin4f) (1)

Inthiscase, Iyis the average of light intensity at all angles,
o 1s a tangent of an amplitude between the X axis and the Y
axis in the case illumination light IL is to be anelliptically
polarized light, and 8 is a phase difference between two

electricvectorswhichoscillationdirections in illumination
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axis in the case illumination light IL is to he an elliptically polarized light,

and 8 is a phase difference between two e_ectri vectors which osci :aticn
directions in illumination 37 light It, are the X-axis direction and the Y-axi.s
direction. F'1'21. 15 shows an example of measurement. results of the
intensity of i-lumination light IL obtained by rotating quar-.er wave ola;e

99A. In the embodiment, CCD 95a receives 11.amination light IL, the
lightsreceiving results aze senttoymain-eanirolier 20, and the light intensity o,
change with respect to a rotation amount 9, as shown in FIG. 15 is
measured I hus, i eontroller 20cdmputescStokespanameters1SO, &, the
S2 and 53 % performing mast Fourier transform (F- T), more 10

ShBGIREAINy: BoRiputing the Poldwing eftiation” QIS 356 9585719
286Lp82a107 11, 98205 942) 15,1284 0:9i8 28Ge5B-10T N _okSiN20rc i ves

128-0 In This case, | is light intensity measured at rotation amount 9,.
Fidmutheé womiputationiresilts, rmam édnthdlter 20=computes20 Stekese sent
parameters Sito 33 fSto 85 para érs SO, S1, S2 and S3 shgwn in .
tHe £ %\l/vrfné:(éaﬁa SEquation 3] SO S1=4B524 €58 g change wit

CO8SRISINH $iBBa+ (3h 23dneicdeMaklyy Stpke parametersiSIR 83, req.
are parameters that
Thus, main controller 20 computes Stokes parameters S0, S1,

SZ2 and S3 by performing fast Fourier transform (FFT), more

specifically, computing the following equation.

[Equation 2]
256
=556 Z]
256
cos2a~[0=——~—21 cos 26, —(2)
128 i
. 1 6
sin2a-co86- I, =—=>3 I sin26,
128 i=0

In this case, I; is light intensity measured at rotation amdunt
©i. Fromthe computation results, main controller 20 computes
Stokes parameters S1 to S3 of Stokes parameters S0, S1, S2
and S3 shown in the following equation.

[Equation 3]

S0 =1,SI =cos2a,S2 =sin2a - c0s8,S3 =sin2a. - sin & - (3)

Incidentally, Stokes parameters S1 to S3 are parameters that
are normalized on the assumption that Stokes parameter S0 is
equal to one (50=1).

In the next step, step 144, main controller 20 judges

whether or not illumination light IL is the H polarized light,
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are normalized on the assumption that Stokes parameter SO is anal co
tone (SO0=7). in the next step, step 144, main controller 20 judges whether
or not illumination light IL is the H polarized light, 38 based or, the
computed values of Stokes parameters Sl to S3. when the judgment is
affirmed, t_ e procedure proceeds to st€p 152 in FIG. 11. On the ocher
hand, in the case the judgmen in step 144 is denied, the orocedure

preceedssio step 146, Suinauhichithe polarizationstate, ofiljumination light 53
IL is adjusted by adjusting polarization control unit 2 based on the
cBhfputedsaluespt Stokesaidranietsrs Shto SBoForexamplecdr the tase ep

i 1111-n-' nation light IL has strong elliptic polarized nature, a polarizes
wiithin f)%larlz%tio!h control Sﬁrl?i? Zﬂgqﬁg&ﬁg%ﬁ SO tﬁg’tﬁllﬁﬁﬁ"ﬁaﬁ&n@Iiéﬁtdl(ﬁment

becomesa linearlys polarized lightelnthe case.illuminationdight il isap 146,
linearly polarized light hut the polarization direction is deviated from the
Xlax ghdifdetione arotatiorzamoont of thiee half waveuplate withinlight IL is

pggnzatlon cgntrol unit gils ad uslted 15 so.as io make tgg LEﬂo}{aﬁrlzzatg)anse 4 on

direction bacome the X-axis’ ditection, 1hat i& b&esme
percaHzation. After steps148 sendss thepreceduresretums tastepd 42 xanpie,
Afterward, until the judgment -n step 144 is affirmed, the polarization

state-BFilRARMatIoHITgRE L o adjiistel T20MA stepriasiy] fomexampiéarized

performing fa"ta“qna%‘%j%é%m%“i%%f-tﬂe haff wave plate or’ o\ F-quarter, g
wave pliat’e of Sﬁénzatlon controf Unit 2; or the like, and tiﬁencf e

procpoiire detwns Hestep 142 and the processing fop measusing theneariy
polarization state o= t].iumination light IL as described above is repeated
2Bagain. ARAth thesé opera-iohs, eventuallylilaminatioplightoht IL is a

linearly polarized light but the polarization direction 1is
deviated from the X-axis direction, a rotation amount of the
half wave plate within polarization control unit 2 is adjusted
so as to make the polarization direction become the X-axis
direction, that is, become the Hpolarization. After step 143
ends, the procedure returns to step 142.

Afterward, until the judgment in step 144 is affirmed,
the polarization state of illumination light IL is adjusted
in step 146 by, for example, performing rotation adjustment
of the half wave plate or the quarter wave plate of polarization
control unit 2, or the like, and then the procedure returns
to step 142, and the processing for measuring the polarization
state of illumination light IL as described above is repeated
again. With these operations, eventually illumination light
IL becomes the H polarized light.

After illumination light IL is adjusted so as to be the
H polarized light in this manner, in step 152 in FIG. 11,

opening section 97 is placed on optical axis AX1 by rotating
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IL becomes the H polarized light. After illumination light | is adjusted so as
to be the H polarized light in this manner, in step 152 in FIG.-1, opening
sec-ion 97 is placed on optical axis AX7. by rotating 39 optical system
unit 93. I. she next step, step 154, a value of a counter n (hereinafter
referred to as a “counter value n') is iniflalized to one. In step 156, optical
property measurement apparatus 90 5 is moved to the nth (the first in this

case) measyremant peint. shat ispwafer stage \AWST, issmepedsso, thatya1ue
opening 91a of marking plate 91 of optical property measurement
appatatt® 90 ToiRcides wWith thelmeasaiemempdint acaposivmter value

copjugate .wgh tfg]ﬁ riwth %mpgleo attern PHr with respect to projection 10

optical sysjtgm%L. In‘the next S ep, step 158, pupil image measurement is

performedh H& 43 shows @ state of the pupilinage rmeasurement.As s 90
is shown in FIG. 14B,t;1n this state, since opening section 97 is placed on
the dpsticaf pathtatels a Lamatiar ightili, the parkdielbeams gaent point.

collimator optical system irectly enters D . 95a. In.oth wor%s .
C%Btgés \Apa’ger %ltsage %%{j 15 ir%v soCt%at openin egla O xtthaerklng

a‘can be regarded to he placed af a position conjugate wit

pupH plare ob projectioreapticad system Rband-ear receivedheheanyo
corresponding to the pupil image on the pupil 20 plane. therefore, in this
casélifatfifigddts TMD2'6PEC>U5E tisPlpateddnd baded o imagmg gate

S ORIl sos B AR I LR 908 scctson
detection) resultssarerstored in a memory. 25 In the next step, step 160,
the judgment is made of
In the next step, step 158, pupil image measurement is
performed. FIG. 14B shows a state of the pupil image
measurement. As is shown in FIG. 14B, in this state, since
opening section 97 is placed on the optical path of
illumination light IL, the parallel beams via collimator
optical system 92 directly enters CCD 95a. In other words,
CCD 95a can be regarded to be placed at a position conjugate
with the pupil plane of projection optical system PL and can
recelve the beam corresponding to the pupil image on the pupil
plane. Therefore, in this case, imaging data IMD2 of CCD 95a
is loaded and based on imaging date IMD2Z, the center position
and size of the pupil image, or the intensity distribution
of the pupil images are/is detected. Then, the detection
results are stored in a memory.
In the next step, step 160, the judgment is made of

whether or not the pupil image measurement is completed at
all measurement points, by judging whether or not counter value

n is equal to or greater than the total number N (N=33 in this

case). At this stage, since only the pupil image measurement
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whether or not the pupil image measurement is completed at all
measurement points, by judging whether or not counter value n is equal

to or greater than the total number N (N=33 in this case) . At this stage,
since only the pupil image measurement 40 at the first measurement

point ends, the judgment in step 160 i$%denied. Then, the procedure
proceeds to step 162, in which counter value n is incremented by one,

and the=praceduree keturnrsitonsiep- 1 56. SrAfterward, Lntibithejudgmentin 160
step 160 is affirmed, the processing and judgment of a loop of steps
1589588160162 8Fe répEareth With HiseBe operations, e puifimagehich
measurement s performed at the, 20 fo 331d, measurement,points within
the field of projection optlcaﬁ(s system. FL,that is, at the meastrement
points at the positieps 1canjugate with pinhole pa-terns PH-12 to PH33 with
respect to projection opt_cal system P" and the center position and size

of the pupfl ifage Via eathiok piRRole pafems PT12 ¥6PHSES, ot theéfirmed,

intensity distributi f the pupil | /is 15 computed and stored in
gkﬁ%ﬁg_@%@ﬂ% %ﬁfﬁ%ﬁ@@@%@fs '3 e CYR %'F] 2 !

e
en, when mage measurement at all ?neasurement

pointssis completed the praceduire praceedsito: step b4ds inyich counterthe
va-sue n. is initialized to one. In the next step, step 166, microlens array

9848 inad_é%ﬁ% Hgain orféptical A58 ByHetatihg Spticat systemnit
93, 1ben iy step %@f}n%ps“_%?{ Prapery, measurement anpay g%i%%soglzcical

moved to the It (the first in this case) measurement point. That is, wafer
stagerWiSPis, monved 50 than opening: 9ta«afienarking nplate 9 ot gpticak i ons
property measurement agparatus 90 2coincides w _h the measurement o
qu@;¥%ﬁ%§m¥ﬁﬁaqeéﬁL@éﬁapatterns PH, to PHs; with respect to

projection optical system PL, and the center position and size
of the pupil image via each of pinhole patterns PH, to PHss,
or the intensity distribution of the pupil images are/is
computed and stored in a memory.

Then, when the pupil image measurement at all
measurement points is completed, the procedure proceeds to
step 164, in which counter value n is initialized to one.

In the next step, step 166, microlens array 98 is placed
again on optical axis AX1 by rotating optical system unit 93,
then in step 168, optical property measurement apparatus 90
is moved to the n®™® (the first in this case) measurement point.
That is, wafer stage WST is moved so that opening 91a of marking
plate 81 of optical property measurement apparatus 90
coincides with the measurement point at a position conjugate
with the n*™ pinhole pattern PH, with respect to projection
optical system PL.

In the next steps, steps 170 to 174, wavefront aberration

measurement at the n™® measurement point is carried out. That
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with the n-," pinhole pattern Pi" with respect projection optical system PL.
In the next steps, steps 170 to 174, wavefront aberra_ion measurement
at then measurement point is carried out. That. 4.... is, first, in step 170,
all spot images formed on the light-receiving surface of CCD 95a by
microlens array 98 is picked no, and it$limaging data IMD1 is loaded. In
the next step, step 174, the position information on 5 each spot image is

read owt fram, thesmemaryand thewavefsent; aheuation ofprejest om o
opt_calsystem PL related to the light via the nt" (the first in this case)

pinhble pagemi-PiH1%0f wdastremert teticle R Pis vomputedhin theray 98 is
manner éhat willag‘g1 dietscribed later. 10 The reason why the wavefront

aberration ¢ah be meastred Hom theHesition ihformatish 61 the spot
image is thatthe wameftert-of thedjghtincident %@H@Q@p% ArgY:28tSon on

reflected by the wavefront aberration of projection optical system PL
wheRpRiRig tipatie spotimageutsinatheh wordspwherstierelis mevefront
w%/ggrgggglberra%ion in é%ro'kection pticall g){/stem PL, a wavefront W

F
becomes a plane drhdgonal (o dptical axis PXTAs SHOWT by A doftd L+t
line in 6. 14A (Imthig case, the wavelront of the tightihcident 08, pu, of
microlens array 98 is orthogonal to the optical axis, and 20 the spot image
thRhasthecehtércatithes ntefséctiorrpoint ot the opticaraxis ef et will
ng%roclierlsscgrfi@(isc og\tsea}frray 98 with the imaging plane of _CCD 95a is
formed on the ight-receiving surface of CCC 95a. Meanwhile, when there
is wavefrond akersation iy prejeclionapticat system Pl &, 25.wayefols i red

WF' does not become a plane orthogonal to optical

from the position information on the spot image is that the
wavefront of the light incident on microlens array 98 is
reflected by the wavefront aberration of projection optical
system PL when picking up the spot image.

In other words, when there is no wavefront aberration
inprojection optical system PL, a wavefront WF becomes a plane
orthogonal to optical axis AX1 as shown by a dotted line in
FIG. 14A. In this case, the wavefront of the light incident
on microlens array 98 is orthogonal to the optical axis, and
the spot image that has the center at the intersection point
of the optical axis of each microlens of microlens array 98
with the imaging plane of CCD 95a is formed on the
light-receiving surface of CCD 95a. Meanwhile, when there is
wavefront aberration in projection optical system PL, a
wavefront WEF’ does not become a plane orthogonal to optical
axis AX1, but becomes a tilted surface having an angle
according to a position of wavefront WF’ on the plane, as shown

by a double-dashed line in FIG. 14A. 1In this case, the

wavefront of the light incident onmicrolens array 98 is tilted,
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axis A.Xi, but becomes a tilted surface having an. angle according to a
position of wavefront WE' on the pane, as shown by a double-dashed line
in FIG.'_4A. In this case, the wave fron_ of the 1' grtInci dentonri
crolens array 98 is t_Iteo:, 42 and the spot image that has the center at a
point deviated a distance correspondirig to the tilted amount from the
intersection point of the optical axis of each microlens with the

lights-regeiving-surface,ef €0 95 is formed-on the adight-receivinge v iated
surface of CCD 95a. Accordingly, in step 174, the wavefront aberration of
projecticr bptical system Pldielatetdo the light viadhemth nginholenpatiern
P14ﬁ of measurement r%ticl Bil' is compu.led, bg ob aininég a coefficient of, b
a'Zernike polyromiarfiont the 16 Gifteterice (the position Bhdr Ctveer the'* ©
pesition of eache spatimage-expected whencthers is N Wwaveffoat on the
aberration (the intersection point of the optical axis of each micro' ens

witho the insaging Plane of CCR 954) a/d t1%e detected position of each

spot image. 15 However, the position of each spot image expected when
there. 15 A SRR Loei aihides i T Tt r oG Gregnt R oF

the-optical axis ebeaeh micralens obymicrolensaday 98 WIthdhe via the n™
ligh?_-receiving surface of CCD 95a, only in the ideal case where there is
ndideviatio P & L26 e iUpticdl axis of tirenmeidenttight amfopticapaxis i, by
o t%ci%gn%? %re%%%cy{?kﬁéXEr.@QggnﬁéJnhi”}f’aé 'Qp% egr‘?é?ﬁocﬂmfﬁ‘ém the
when computing the above position efrof, based” on dataon the lig
squrcedmages the position infermation :on the lightseurceimage such 8sach
the center position and the 25 size) at the corresponding measurement
poitisiotedsntheected when there is no wavefront aberration (the
intersection point of the optical axis of each microlens with
the imaging plane of CCD 95a) and the detected position of
each spot image.

However, the position of each spot image expected when
there 1s no wavefront aberration coincides with the
intersection point of the optical axis of each microlens of
microlens array 98 with the light-receiving surface of CCD
95a, only in the ideal case where there is no deviation in
the optical axis of the incident l1ight and optical axis AX1
and CCD 95a are accurately orthogonal. Thus, in the
embodiment, when computing the above position error, based
on data on the light source image (the position information
on the light source image such as the center position and the
size) at the corresponding measurement point stored in the
memory, the position of each spot image expected when there
is no wavefront aberration (a datum position used to compute

a deviation amount of each spot image) is respectively

corrected, and the difference between the detected position
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memory, the position of each spot image expected when there is no
wavefront aberrat=ion (a datum position used to -mpute a deviation
aloun,t of each spot image) is respectively correc_ed, and the difference
between the detected position 43 of each spot image and each datum
pcsizion corrected is computed. With tHis operation, the error of the datum
posit™-on of each spot image when there is no wavefront aberration,

which-is.cauged:by theqdevigtion. intheoptical 5 axis-afthedight incident;
on optical property measurement apparatus 90, can be cancelled, and
theowavéfront abetration icarrbe obtdined witlsigher precisionh Refetring

back t(% 1G. 11fin thehnext step, step 176, the judgment is made o%
whether of not: measliréiient of \Waveftoit” 16 aberration at ati* Vet ront

measurementpoints is\completed by judaing-whetheror notgounter value . o)
n is equal to or greater than the total number N (N=33 in this case) . At

thig stagel; bdtause gorily medsigement ob wavefronpaberation methefirstent

measurement point end% theajud%r{\fn is de iet%, and the 15 roc%dure £
SAIHE Y5 Step 178, it which Counter valte s inctemianted by one Pgad = 1o

thenreturnsdezstepr 46.8. - Aftgrwardy uptibthedudgment in step 176 is
a_frmed, the processing of a -lop of steps ' 68 G-x'_72 X179 ~]?6 ~i78 is
repeated R@fithrthose dperhtionsftHe-wavefront aberrativh 20ep, step 176,
asurement is performed at the %to 33'3 measurement points within
{E%ﬁeijd) 5 eenb%réj%c %Igneo(ﬁ%c%}il%gs em P that 583 éltrt%%eﬁtéa%%ryéarﬁfgﬁctr ont

paints-abthe-positions canjugateawith Diphole-pattern. o 20 E8jiwith udging
respect to projection optical system PL, and the wavefront aberration
relateenothelight R53sateach of pinkole pattessPH3tmoRHyFeister than

C%%E“§893?Q9§%8§¥%&(N=33 in this case). At this stage, because
only measurement of wavefront aberration at the first
measurement point ends, the judgment is denied, and the
procedure shifts to step 178, in which counter value n is
incremented by one, and then returns to step 168.

Afterward, until the judgment in step 176 is affirmed,
the processing of a loop of steps 168->170->172>174->176—178
is repeated. With these operations, the wavefront aberration
measurement is performed at the 2" to 33 measurement points
within the field of the projection optical system PL, that
is, at the measurement points at the positions conjugate with
pinhole patterns PHy; to PHs; with respect to projection optical
system PL, and the wavefront aberration related to the light
via each of pinhole patterns PH,; to PHjis is computed, and stored
in a memory (not shown).

Then, when the wavefront aberration measurement at all
measurement points is completed and the judgment in step 176

is affirmed, the procedure proceeds to the next step, step
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in a memory (rot shown) Then, when the wavefront a Berra-.ion me u

cm.ent at a-1 measurement points is completed acid the judgment in step
176 is affirmed, the procedure proceeds to the next step, step 44 180. In
step 180, the judgment is made of whether or not the measurement is
completed in the case illumination light'fL is to be a V polarized light (a
linearly polarized light having 5 the polarizat ,ion direction in the Y-axis
dirgction) . In this case, since only the measurement of the H polarized

light ends, the judgment in step :1180 is denied, and the procedure

-returns @ stFEL364A FTOe 10:daRtep 1886, el had 0 wavéptateoof not the
polarization control 10 unit 2 is rotated by 90 degrees, and the, .
p&%?i%gﬁgﬁle w%cﬁ(%n C@ﬁgé&tﬁéﬂarﬁr}_ E|)1:sechcac?nsgedll‘.;[;l 58%@%@& Wit I
this aperatiany Hluminationlightrl: is setitadea Y potarizeddight: Jhemaipi ng
step 138, the optimal 2 position of wafer stage WST is newly searched. In
this eazel e Fedsorrwhitdet éptimial Z pesitiorx15 id Searchieehagaintis this
that the wavecfrogrt1 fo;%%sgo%cggg to eac measur ment paint

nges
due 16 the change i’ i ?gfﬁt [t ends,

e p(r)r]arlzat?oerﬂn “direct™-on of iffimination

and also thenoptimal £ tpgsition issikely te-ehange dueste the-ehange iR turns
the wavefront. Then, in steps 140 to 144, and steps 152 to 176 in FIG.
11020 #ee plph 'ifageland tHe-wavefront a-,- each measurement point

corresponding to conyentional illumination rture stop 6T, when
aton T e So t LL e SRS e Ban? ide Fon control
meastremerys of thei\b polarizeddight is coar pletash in this manner thection

judgment -n step 180 is affirmed, and the 25 procedure proceeds to step

187 iheFIeY. goam LB is changed by 90 degrees. With this operation,
illumination light IL is set to be a V polarized light. Then,
in step 138, the optimal Z position of wafer stage WST is newly
searched. In this case, the reason why the optimal Z position
1s searched again is that the wavefront corresponding to each
measurement point changes due to the change in the polarization
direction of illumination light IL, and also the optimal 7Z
positionis likely to change due to the change in the wavefront.
Then, in steps 140 to 144, and steps 152 to 176 in FIG. 11,
the pupil image and the wavefront at each measurement point
corresponding to conventional illumination aperture stop 6D
when illumination light IL is set to be the V polarized light.
After the measurement of the V polarized light is completed
in this manner, the judgment in step 180 is affirmed, and the
procedure proceeds to step 182 in FIG. 12.

In step 182 in FIG. 12, based on the data of wavefront

aberration at N number of (in this case, 33) measurement points
within the field of projection optical system PL obtained above,

the judgment is made of whether or not there is the measurement
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In step 132 in FIG. 1.2, based on the data of wavefront aberration at N
number of (in this case, 33) ea a rement points within the field of
projection optical system FL obtained abov=e, the judgmentis made of
whether or not there is the measurement 45 point at which the wavefront
aberration of projection optical system®?L is outside a permissible range.
Then, in the case the judgment is affirmed, the procedure shifts to step

184. and.adjustmentrof the,waye,, ropbaberration, of projection: optcabr i ca1
system PL is performed by driving a lens element via image-forming

charaketatistic éarreetion éentraller 51 soithae the wavefrOmteabertatiohe case

generated at present i_s reduced, based on the measurement results of
th%eg\?va S%rgﬁf%%eterrlastioar\% ]Eﬂ‘ %P(%Céjétigr% QpHEAISy/Stém P THE alfustivant 14

Isspeotpased:-l2on the illuneination copditionshatisset onActual ject 1 on
exposure. For example, exposure is performed with annular illumination,
tiePadjustmeanieisgpreférably set §o thactheywavefrontisa op=irmu fmant via
p%&?”ev-v?%ﬁgemiﬂ“mi%“?&@é“ LL. passes through with the annulare, ¢
iilumination apertdre stop. Further, in the - 15 embodiment, as vv_iﬁ Bé
deseribed/laters the @@@fi:_zé-ﬂ@@ndilﬁq{i@ﬂa&fé@rﬁi@aggQQ5_1@11% ILiis @leRdceq,
the circumferential direction of a circle having optical axis AX as the '
cEnRte? artitie polta ratioA tircetions of iik-af _Rhtonalightibhareberration
different in_different areas_on the pupil plane, 2C and therefore, .

p?o?e%%:%r? %%ﬁggl Systenm. PLIS bree%era ly & ﬁﬁ%&%%%fﬂ%?%é Wavetront €4
abarration isredueed te the ominimusn inthat pelarization statgs 1 exposure.
Incidentally, depending on circumstances, the lens element of projection.
opficaP5y3L kin PERREY 68 mdwWithinahe X Yiplareugemayt bemination,

e%?@@@QSﬂJ@éﬁ@ﬁgaQ%'preferably set so that the wavefront is
optimum in a portionwhere illumination light IL passes through
with the annular illumination aperture stop. Further, in the
embodiment, as will be described later, the polarization
direction of illumination light IL is along the
circumferential direction of a circle having optical axis AX
as the center and the polarization directions éf illumination
light IL are different in different areas on the pupil plane,
and therefore, projection optical system PL is preferably
adjusted so that the wavefront aberration is reduced to the
minimum in that polarization state. Incidentally, depending
on circumstances, the lens element of projection optical
system PL may be moved within the XY plane or may be exchanged
by hand.
After the judgment is denied in step 182, or after the

procedure in step 184 is performed, in step 186, an
illumination condition that is applied to actual exposure is

set. Specifically, polarization control unit 2 makes the
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After the judgment is denied in step 182, or a* e- the procedure in step
184 is performed, in step 186, an illumination condition that is a:-;plied to
actual exposure is set. Spec fically, polarization control unit 2 makes the
96 polarization direction of laser beam LB no the H polarization and
polarization conversion member 3A is pglaced on the optica= path of
illumination light IL by rotating polarization conversion unit 3, and also

apnylar Hiumination aperture stop 5 64Js plagedan theapticalpath of . ¢ o,

illumination light IL by rotating illum.ination system aperture stop plate 6

by vives Lmiti LaThes incstep 188, optivaber peity. mpasurementthe optical
aggaratus 90 is moved to the measurement point, and in step 190,

0

hihgSection Y7 oFSptRiAl SyStah dhit 8% i$ Platet £0 BRtAE bptitar™
D@%h@@géheﬂEH%%%}%%uﬁ@ﬂ&@%HH@@%E%@E%EEH%%JBNE £9%€@re stop

since annular illumination aperture stop 6A is placed on the optical path
obMubsinatier dightriLt the pupil imageaaiso haveldnannatapshapeitterol by
imaging data IMD?2 of the pupil i_m.ags is loaded, and the position 15 and
siz8 6t 168 Pupil TAGRN tHe RgMbelefit Sirfacs "6FCEH 652 foPthe' T e

intensity-distrituion of thequpihimages, arelisdetected based.an imaging.
data MD2, and the detection results are stored in a memory. FIG. 16
shows antexanmplelef imagihg datahkVD2 of the papil imagetat thisddint step

of time. 20 In the image in FIC. 16, a partion where luminance is_higher
tk%sr:g 4 predeteriinec ﬁfr8§‘h§é R ShArinAwhitd Sl a Borfion “whare L aced

hﬁﬂm@ﬂ@e£§KW%ﬁﬂséggwmiQﬁHe¥h6§ki§h@W@§WE§§;Lﬁu@?ﬁﬁ%ﬁpﬁmage

the portion where luminance is higher is a shape of the pupil i-nage, and

int th&@ease treedannbiart lamirstion, 25 isremployed] the pupitimage has

agggp‘lcjllarresg%%% Ié}%tqig placed on the optical path of illumination
light IL, the pupil image also have an annular shape. Here,
imaging data IMD2 of the pupil image is loaded, and the position
and size of the pupil image on the light-receiving surface
of CCD 95a, or the intensity distribution of the pupil images
are/is detected based on imaging data IMD2, and the detection
results are stored in a memory. FIG. 16 shows an example of
imaging data IMDZ of the pupil image at this point of time.
In the image in FIG. 16, a portion where luminance is higher
than a predetermined threshold is shown in white, and a portion
where luminance is lower is shown in grey. As is shown in FIG.
16, a shape of the portion where luminance is higher is a shape
of the pupil image, and in the case the annular illumination
is employed, the pupil image has an annular shape. In this
case, position information on the portion where luminance is
higher within CCD 95a is stored in a storage unit. Further,

in the storage unit, a distribution state of the luminance

related to the portion having higher luminance is also stored.
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case, posit on __nformation on the portion where luminance is higher
within CCD 95a is stored in a storage unit. Further, in the storage unit, a
d. tribut'_on state of the luminance routed to the por-ion having higher
luminance is also stored. 17 In the next step, step 194, polarization
detection system 99 is placed on optical ax'-s AX1 n-; rotat;.nq optical
system unit 93 in optical property measurement apparatus 90, and jr-

step 1962 polarization stateof ilumination light 13 It is measured clothis,
case, annular illumination aperture stop 6A is selected as the illumination
apefufEstop ofillpktinaton roptical systeax 12, Zahd Hluminaticn lightlbtscal

to be.a linear] larized light which polarization direction is in a 10
o TSl dirbetior Bt A e Rl

rection of a circle having opt cal Ak AX as iR dehtsr 0
Thus, here thasedben the positionand size-afathe pupil image thatihave, ; ght
been measured in step 192 above, an area on the light-receiving surface

of CCD g8ads divided, for example, as is indicated by dotted lines in FIG.

16, and 15 the polarization_direction is.measured with respect to each ,
divided aré.*latl()%agsedC 61 tHe %%rrlnugu?é:d Va ﬁltgnslg%t%%saﬁaeré%mueﬁgrss B
S3: thetdn step 498, the judgment is,magde-efivhethesor J10tia 1umination
polarization state of illumination light IL is a desired 20 state (i.e. alinearly

peRiizealigheinae dircimferbhtalidirdction bt altirdle havinghoptical asisr Ly

A% 35 e genter), and n e case the judgment ;s affirmed. the .
processing of 'subroutine nds, and in t'h,e casethe judgment is
denietl;rthe:procedure; preceeds-Hosstep 200 dnavhichithe pelarization 25s ax

state of illumination light IL is adjusted by adjusting a

as the center. Thus, here, based on the position and size of
the pupil image that have been measured in step 192 above,
an area on the light-receiving surface of CCD 95a 1s divided,
for example, as is indicated by dotted lines in FIG. 16, and
the polarization direction is measured with respect to each
divided area based on the computed values of Stokes parameters
Sl to S3.

Then, in step 198, the judgment is made of whether or
not a polarization state of illumination light IL is a desired
state (i.e. a linearly polarized light in the circumferential
direction of a circle having optical axis AX as the center),
and in the case the judgment is affirmed, the processing of
subroutine 102 ends, and in the case the judgment is denied,
the procedure proceeds to step 200, in which the polarization
state of illumination light IL is adjusted by adjusting a
rotation amount of the wave plate of polarization control unit
2 or the like, then the procedure returns to step 196. That

is, until the judgment is affirmed in step 198, the processing

and judgment of steps 1965198200 are repeated.
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rotation amount of the wave plate of polarization control unit 2 or the like,
then the procedure returns to step 196. That is, until the judgment is
affirmed in step 198, the processing and - figment of steps
"T96--->198-i200 are repeated. 43 After the judgment in step 198 is
affirmed, the processing of suhrour.ine*#02 ends, and the procedure
proceeds to step "04 in FIG. 9. In step 104, measurement reticle RT

loaded on reticle - b stageiRs=isiunieadad-and seticle R.en which a pattern

to he transferred is formed is loaded on reticle stage RST via a reticle
|cHeiet < $AGNShewm) Uit thetiex Step, sl 106 fetitle alitpnenraspawreeds
-hﬁe reggle qﬂi(gfnl%ntF?lgteng described previously and a fiducial 10 mark
pla(fe ?notpshown) , and baseline measurement using alignment detection

system AS,apddhe fiducialmark plate-are- perfermedin the preceduresticle
similar to that of a conventional scanning stepper. In the next step, step

1682tHe Rafer 6nviafer SegeaWS T <15 ishreplaced uling a avafet foaderto be
(r]tort sho%z\énl).rg\qmlen wafer .is,not Ioa%e on wafer stage WST h%\vg%ver,

d 1 £
a water Is simply ‘Toaded.) T the next'step, Step't1 ,%lanrsne%? o wafer ~% °

W €e.gc (wafes aligpment by dhe GA method) i s performed. As a result
20 of the wafer alignment, an array coordinate of a plurality of shot areas

on wafer W istobtafidd f-'eihr g66& préeision € i theenexi stepestepr 4129 the

based on the results of the wafer alignment described above, exposure .
oy 5 o o CEaR el e ReAOTEt A WEN S Staton h WA -2

wafenstage 25 WSE issmeved fo ascanning Starting Position@an using
acceleration
alignment detection system AS and the fiducial mark plate are
performed in the procedure similar to that of a conventional
scanning stepper.

In the next step, step 108, the wafer on wafer stage WST
is replaced using a wafer locader (not shown). (When a wafer
is not loaded on wafer stage WST, however, a wafer is simply
loaded.)

In the next step, step 110, alignment to wafer W (e.q.
wafer alignment by the EGA method) is performed. As a result
of the wafer alignment, an array coordinate of a plurality
of shot areas on wafer W is obtained with good precision.

In the next step, step 112, based on the results of the
wafer alignment described above, exposure by a step-and-scan
method is performed, in which an operation in which wafer stage
WST is moved to a scanning starting position (an acceleration
starting position) for exposure of each shot area on wafer
W, and an operation in which reticle R 1s illuminated with
illumination light IL and a pattern of reticle Ris transferred

onto the shot area onwafer Wwhile relatively scanning reticle
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starting Position) for exposure of each shot area on wafer W, and an
operation in which reticle P is illuminated with illumination ligh IL and a
pattern of reticle R is transferred onto the shot area on wafer W while,
rciatively scanning ticle 49 stage RST and wafer stage WST
synchronously in the Y-axis direction &fe repeated. In the exposure, by
the annular illumination in which the polarized direction of illumination

light lcisidefingd-as.is shown ingel Gy 85 expasure-with high 5 resolutionis; s
achieved. During the relative scanning, in particular, during the scanning
exposarel position cotitrot bt feticlé stage R@qpandxrwafelpzstag‘eevwemslar

pe fi)rmed s0.as to ke akp%slrtron rflatron Ween retlcle q[(iﬁ RST

arer sta OnVQI@'IWappropr atd®10°based on irformation on the Sy at4on

Dpﬁiﬂ@ﬂ of reticle stageRSE Qeteaﬁ%bylrﬁtlﬁﬂ@ .In@%rfer;@ﬁa%teré%th high
position information on wafer stage WST detected by wafer

intefferorhetat 185 apdh V2 Position of wafer 4 detected by multi point
focal position. detection 21, 22), levelin |nformat|o and the like. .
151n th:bnexjt s?eggstep?ff[ éﬁ%@rn%éuﬁé m%d% “of w%“ er'or %f‘ng the

expesureref thesplanned munber ofwalers (8 0.7t} is-gampleted. kst and

When the judgment. is denied, the procedure returns to step 108, and in-il
thie Uiyt in teh 1E1R S AffifTied, Therprdcedsing and judgment bfaation

'%OchOf steps 2t0 IO§ ~li 0 >7 1’> +S]114§rje reépgatedlyégerfowgedé%mpmate’

exposure to each wafer |s per orme hen when exposure to

planned pumberoswalers isncempleted, the jdgmentt instep ld 4isage RST
affirmed, and a series of processing in the main routine ends. 25

IGdERtafy, MthecdmbodinBint e gage has been Position information

on wafer stage WST detected by wafer interfercometer 18, and
the Z position of wafer Wdetected by multipoint focal position
detection system (21, 22), leveling information, and the like.

In the next step, step 114, the judgment is made of
whether or not exposure of the planned number of wafers (e.qg.
1 lot) 1is ccompleted. When the judgment is denied, the
procedure returns to step 108, and until the judgment in step
114 is affirmed, the processing and judgment of a loop of steps
108—>110—-112-—114 are repeatedly performed, and exposure to
each wafer 1is performed.

Then, when exposure to the planned number of wafers is
completed, the judgment in step 114 is affirmed, and a series
of processing in the main routine ends.

Incidentally, in the embodiment, the case has been
described where annular illumination aperture stop 6A is
placed on the optical path of i1llumination light IL and
exposure 1s performed with annular illumination. However, in

exposure apparatus 100, exposure can also be performed with



10

15

20

25

described where annular illumination aperture stop 6A is placed. on toe
optical oath of i un nation 1_gb: IL and exposure is performed with
annular illumination. However, in exposure apparatus 100, exposure can
also be performed with 50 quadrupole illumination or bipolar illumination
by placing quadrupole illumination aperture stop 6B or bipolar
illumination aperture stop 6C on the optical path of illumination light IL. In

thesescages) in theisefting of Srlluminationicondition,in; step 186 akove 2 cing
(refer to FIG. 12), quadrupole illumination aperture stop 6B (or bipolar

iIiAsiA Ao apefdre stopadC Pand peldrization conversion membeaBB (or
ogcr?tfilﬂg.member 3C) are placed, and in the measurement of a

Y

olarization state _-step 196 above (refét 1016°F °X5 112)", tha '$attiHy of
the areaiwhere-a nolayizatzon state is.measurec-needs,ta-he changed; o
according to the shape of the pupil image measured in step 192 above.
Fot eXarpie; iR the cease aadiupalé slurhiifatisroaperturs stop-6253G. 12),
employed, measurements performed in step 196 above (refer to FIG. 12)
B Rt e Dol en IR & 58 shomh P B R
case.ffamdhe shapgand.pesitien of the pupikinnage afthe oiadruplec rsion
illumination aperture stop (four eyes) measured in step 192 above, the
afead6r CED 954 corfesponding e pofdfization cohwveesion amembers-he

(3Bato 3Rd23§{lfg§- 4B g?aaggzex%rgcted antsl 'based on t% ggggsurement

megsure 3 a3 on,state 1n st above (ref
results in tﬁe extracteopareas, each polarlza ion sta?e 6Iz"%%ls fo ( er

measured.1 Furthetcthe adjusiment atthe wavefront abesrationnstep, state
184 above (refer to FIG. 12) is performed based on the illumination

cofidiththatis applied 6 exposuré Sartl 225 theteéforet in the calsepe of the
qB%g@%“ﬁ%Q%%“%@98855§QFF%%88 192 above. For example, in the
case quadrupole illumination aperture stop 6B is employed,
measurement is performed in step 196 above (refer to FIG. 12)
as to whether the polarization state is as shown in FIG. 4B.
In this case, from the shape and position of the pupil image
of the guadruple illumination aperture stop (four eyes)
measured in step 192 above, the areas on CCD 95a corresponding
to polarization conversion members (3Ba to 3Bd) in FIG. 4B
are extracted, and based on the measurement results in the
extracted areas, each polarization state has to be measured.
Further, the adjustment of the wavefront aberration in
step 184 above (refer to FIG. 12) is performed based on the
illumination condition that is applied to exposure, and
therefore, in the case quadrupole illumination aperture stop
6B or bipolar illumination aperture stop 6C is selected as
the illumination system aperture stop, the wavefront is

adjusted in accordance with the selected aperture stop.

As 1s described so far, according to the embodiment,
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6B or bipolar illumination aperture stop 6C is selected as t.e illumination
system aperture stop, the wavefront is adjusted in accordance with the
selected aperture stop. As is desc_ibed so _ar, according to the
embodiment, optical system unit 93 is installed, which has a plurality of
optical systems including micro] ens arftay 98 that converts illumination
light IL passing through illumination optical system 1-2 and projection

opticaksystemRls0thatthesd pelarizatian state ofilluminationdight lksality
the wavefront aberration of projection optical system PL, and the like can
befntedsured, polakiat o detedtion system09) and thevliRe, thads deyrverts

SIELING e Opicl systep too placed on the, onfial 02U of, o o scan

Da 9 um =) n_o
illumination Feceiving 1 mination Via optical system

U 93w -1,ch photedetestar 9%, vapeus gptical prepertiesdpcluding thes
polarization state of illumination light IL and the wavefront aberration of
prejeetciotrptical 8ystetn PL cdnt b& miedsiuped L:baséd v thehe wavefront

light-receiving results of CCD 95a. -5 Further, the embodiment, since
c%%rﬁéﬁtph%toge%te%%r] %"écéclé)nnbg%%sleaafg]r G ésétseurﬁ n%]g)\’/aﬁ&(?sn%}b |cia:1iL ke can

reperies. inclyding theipelarizatior state of lumination ight, Jland Lhe ke, .
wavefront aberration of projection optical system PL, the configuration of

opfieal prapefty measureniértt apparatas 90V20 ean he feeduedd edizen the

and. ,weight, F%therf in me embadiment, the polarization state.of.
e e A B Bl T im0

canhe:measured usingoptical peopesty measuyement apparatus 99-and
therefore, in the case polarized 25 illumination is performed in order to im.
reve il fdsefitition, Whethier ot ot i pekatization statéof illumihateny the

"ggﬁarization,state of illumination light IL and the wavefront
aberration of projection optical system PL can be measured
based on the light-receiving results of CCD 95a.

Further, in the embodiment, since common photodetector
95 can be used for measuring various optical properties
including the polarization state of illumination light IL and
the wavefront aberration of projection optical system PL, the
configuration of optical property measurement apparatus 90
can be reduced in size and weight.

Further, in the embodiment, the polarization state of
illumination light IL on a pattern image plane of exposure
apparatus 100 can be measured using optical property
measurement apparatus 90, and therefore, in the case polarized
illumination is performed in order to improve the resolution,
whether or not the polarization state of illumination light
IL is a desired state can be confirmed, which makes it possible
to perform highly-accurate exposure without fail.

Further, in the embodiment, based on the light-receiving
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I", is a desired state can be confirmed, which makes it possible to perform
highly-accurate exposure without fail. Further, in the embodiment, based
on t~.e light-receiving 52 results obtained from the areas within the
light-receiving surface of CCD 95a that are conjugate with a plurality of
different areas within the pupil plane ofprojection optical system PL, the
polarization state of illumination light IL 5 in.-he areas are measured. In

this manner, i the.caserthen, polarizatian dirgcr.ions of llumination ightill.i 14
are different in the different areas on the pupil plane of projection
opticdlsysterh PICEs %% the pelarized ilfumiiatien e re' hbharenatlorrality of
dge%t'on in each area can be measured wi thou:. ~ 0 fail. Further, in the

efmbodiment, polarZation detedtion FyRlenPds i opticAr Sy/stem tiit 98 o2 *

optical property  measyrementanparatus;9Q isequipped with-polarizatien 11,
beam solitter 99B and quarter wave plate 99A that rotate relatively 15 to
each otkerarouhdithe opticalaxis of ilomihdtiomlightelt. Withthe sase the

arrangement,. the light cuantity of lllumination light IL that passes through
BlATFAH6R GETacto ysrat 59 Chahbb T AR Srdanka it e =

pelarizatien state due-tos the-change in-a yelative retatignamoyntofe o«
polarization beam 20 sp_itter 995 and quarter wave plate 99A. There_ore,
ther potariZation Btate of 'Hiuntinatibh Hght il tdan helmeasaed 1Bymination,
asuring the light quantity of illumination light IL passing through = |
polarizaiion AGGciin System 96 While™ CRAGIY the relaeTotatioh - 2
amount. 25 ther, according to the embodiment, the polarization state of

illumination light IL is measured in step 142
Further, in the embodiment, polarization detection

system 99 in optical system unit 93 of optical property
measurement apparatus 90 is equipped with polarization beam
splitter 99B and quarter wave plate 99A that rotate relatively
to each other around the optical axis of illumination light
IL. With this arrangement, the light quantity of illumination
light IL that passes through polarization detection system
99 changes in accordance with the polarization state due to
the change in a relative rotation amount of polarization beam
splitter 99B and quarter wave plate 99A. Therefore, the
polarization state of illumination light IL can be measured
by measuring the light quantity of illumination light IL
passing through polarization detection system 99 while
changing the relative rotation amount.

Further, according to the embodiment, the polarization
state of illumination light IL is measured in step 142
described above, the polarization state of illumination light
IL is adjusted in step 146 based on the measurement results,

and then the wavefront of illumination light IL that changes
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described above, the polarization state of illumination light -L is adjusted
in step 146 based on the measurement results, and then the wavefront of
illumination light IL that changes 53 according to the polarization state of
illumination light IL is measured in step 174. In this manner, even when
the wavefront of illumination light IL retiés on the polarization state, the
wavefront can be measured with good accuracy after 5 the adjustment. of

the pelatizagonsstate. ‘thus,aceording tor the-enbadiment.the wavefrgrt: 11,
per polarization corresponding to the polarization state of ilium ation light
L s preasured  inthisFander the Wa\iétt@ntn@am@e,aoﬁmedvtﬁ@@tdrhe

dﬁggg w W|th ttt]e %Iarlzatlon stat |IIum|nat| n Ilght It, %nd as 10.a

CONSEGUSHCe Cexpostrs with nlgrh g“lSlon chfi be“achieved: Mcids Ay *o"
in the-embodimentabaves aplicah syster Wil D3 of BRICBHPERREBA cy after

measurement apparatus 90 is equipped with opening section 97,
miGfoleAs EFFalE98 arfd thelarization detdction system 900 Mowever; ottierg to
oggcal 5 %Xstemg ay. he arra,in ed |n opt caﬂs¥stem unit 93. Further,

io

di
numerical aperture NA of projection optpcalt gystem PL (A alsa be SPonding

measHeed Dysusing optical prepery measurement appantusi90s Whes g oq .
diffuser is placed on the optical path of illumination light IL within

imfmtﬁtatién'waﬁﬁeal@y@temu@ft@%éké@dtam@t@ﬁ' of Adeam passinglance
tho edlff ser.lar ger than the nume ert re of ctio
LQII E sta % @9375 qup L# %% %t ﬂ, and as

optlca sysete?n i ana openlng SECtIOI’l ICa proper

measurementapparailsc9Q issplaced on Qptical axisiArl-the heamnicved.
passing --hrougll- the p-.rpil of prej ti n ,-ntioal system. 2 PL reaches CCD

955.Accéﬁﬁﬁ§@?ﬁ@hﬂﬂmg#@a@h@réggggiment above, optical system

unit 93 of optical property measurement apparatus 90 is
equipped with opening section 97, microlens array 98 and
polarization detection system 99. However, other optical
systems may be arranged in optical system unit 93.
Further, numerical aperture NA of projection optical
system PL can also be measured by using optical property
measurement apparatus 90. When a diffuser is placed on the
optical path of illumination light IL within illumination
optical system 12 to make a diameter of a beam passing though
the diffuser larger than the numerical aperture of projection
optical system PL, and opening section 97 of optical property
meagsurement apparatus 90 is placed on optical axis AX1, the
beam passing through the pupil of projection optical system
PL reaches CCD 95a. Accordingly, from the imaging result of
CCD 95a, a size of the pupil of projection optical system PL
can be computed, which makes 1t possible to compute the
numerical aperture of projection optical system PL.

When the numerical aperture of projection optical system
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COD 95e, a size of the put-1 of projection optical system PL can be
computed, which makes it possible to compute the numerical aperture of
projection optical system PL. When the numerical aperture of projection
optioalsystem 54 PL can be computed in this manner, a coherence factor
(the so-called illumination a) of illuminafion optical system 12 can also be
obtained, based on the measurement results of a pupil image (,a light

spureesimage; ) brihercase wherg thed giffuser deseribed abeve istor (the
removed. Further, in the embodiment above, the case has been

described wheré hittolens array 98 andlponarzatiomdetectionl systepem 12
99 of oqtical S¥St§kin% unit egd'% ageasv(\aliéc%ed % be selectivgl% laced on the

o%%%aﬁpestt% of th ig?ﬁ via 10 coflimator op Eaf“seyas?élrjﬁe at tﬁ%“‘:}p%lsﬁlsonOf “

cerrespondingeto apticaliaxisAXhcHaweaver the, present inventinn is not e
limited to this. For example, an optical proper- y apparatus having a
configurstc. asShoWitih RIS VEY may s @rsloyed. The optical property

measuregen! apparatys in £ G, 15,17 Is,eauipped with marking plate 9L,
described previously that constitutes a part of ‘the Upper wall of a housing

904s andoeallimatos epticad system 92; @ beamm splittes BS; aickelenstection
array 98 and a light-receiving element 95' that are sequentially arranged

aforfg- 6ptical axis AXE selowTHakiy 20 platd D12 andsa defié&hg-miresr
MN, that.is placed an a  branched optical path (a reflection optical path
sex C%dlY)@pJ.B/ dlaCﬁtCtlerOE chie Ol.éltlcgﬁ F(aatﬁ’l Og [ﬁe gﬁglﬁf]ka\% IKST}La

branched by beam sp S, polarization detection system
placedk betweengeflectingsmirrendMdt angdight<egelving element 95, anding
the like. 25 In this case, as light-recei_ving element 95', a
to optical axis AX1). However, the present invention is not
limited to this. Forexample, anoptical property measurement
apparatus having a configuration as shown in FIG. 17 may be
employed. The optical property measurement apparatus in FIG.
17 is equipped with marking plate 91 described previously that
constitutes a part of the upper wall of a housing 90A, and
collimator optical system 92, a beam splitter BS, microlens
array 98 and a light-receiving element 95’ that are
sequentially arranged along optical axis AX1 below marking
plate 91, and a deflecting mirror MM that is placed on a
branched optical path (a reflection optical path) branched
by beam splitter BS, polarization detection system 99 that
is placed between deflecting mirror MM and light-receiving
element 95’, and the like.

In this case, as light-receiving element 95’, a
light~receiving element that has the configuration similar
to light-receiving element 95 but has a larger light-receiving

area is used. Withtheoptical property measurement apparatus

in FIG. 17, after a light (illumination light IL), which is
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light-receiving element that has the configuration s-milar tolight-receiving
e lement 95 but has a la-,gci light-receiving area is used. With the optical
property measurement apparatus in FIG. 17, after a light (illumination
light. 1]_,), which is 55 emitted as a spherical, wave from pinhole pattern
PH of measurement reticle RT,_s con8énsed at opening 91a of mark.nq
plate 91 of the optical property measurement apparatus via projection

opficalsyster PL. dihen, the lightpassing,through-s opgRing-9a (e o«
beam of the image of pinhole pattern PH that is formed inside opening
otaxhthersurface of maekiig plate 91j4s converter into parallel béams king

b lcoIIim%t?r optical system 92, and enters beam sputter SS. 'then, one of
e B, branchad By b Itter BS-fink Deant pAEShg RS Lo via

bgany 10 splitter, PS) entess mickolens aray 98..HwS; 8R iMage oty through
pinhole pattern PH is formed on a plane optically conjugate with marking
plate 9inthatlis, theé dnfagingplanb €thendightaéceivimy $arfageyeffn PH that

light-receiving element 95' respectjvely by each microlens of microlens
By 65T S BRI thE Bier OFHE bdins Brahehed by Beam 3 p1ace

array

splitter:BS {thekeamdeflected oft heamisplitter, BS)js Jeflectedioff oprical
deflecting mirror_ MM and the optical path of the beam is deflected
véitichy dovnwvaid: aihethéo haarmis ireceivélf by IIghtreceidngfelementams

95' via polarization 20 detecion system 99. Accordingly, with the optical
pggpaer}y r%%{a%%ﬁrégr%gﬁlt “Appara ulsys %o rl}?i’ne F%@?T??%Sesv%ﬁgeﬁ%ﬁtguq% beam

aberratior ymeasurementofprejection opticalsystem Phrand then image of
measurement of the polarization state of ..Ilumi_nation light 25 IL, which
havélbeen described ifthé erbodintertabove) ¢an optically conjugate

with marking plate 91, that is, the imaging plane (the
light-receiving surface) of light-receiving element 95’
respectively by each microlens of microlens array 98.

Meanwhile, the other of the beams branched by beam
splitter BS (the beam reflected off beam splitter BS) is
reflected off deflecting mirror MM and the optical path of
the beam is deflected vertically downward, and the beam is
received by light-receiving element 95’ via polarization
detection system 99.

Accordingly, with the optical property measurement
apparatus shown in FIG. 17, the wavefront aberration
measurement of projection optical system PL and the
measurement of the polarization state of illumination light
IL, which have been described in the embodiment above, can
be performed in parallel.

Incidentally, in FIG. 17, light-receiving element 95/
having a larger light-receiving area is used, however,

light-receiving elements similar to light-receiving element
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be performed ir. parallel. Incidentally, in FIG. 17, light eceiving element 95'
having a larger light-receiving area is used, however, '-ight-receiving
elements similar to light-receiving element 56 95 that respectively
correspond to mic-clens array 98 and polarization detection system 99
may be arranged, or the configurationtfay he employed in which one
light-receiving element is switchable between a pos-tion below microlens

ayay 98 and<p pesition below pelarizatiandetectionsystem: 98s 98 and
Incidentally, in recent years, the resolution of exposure apparatus has

been drmpraved o Eope WithPa finer YrattetA formed onardevieedn ordekhe
to improve rtgﬁ fesolution, e V\/ean\/elsggetg of an exposure :fight. . _ Loin
(iﬁumlnla%lfon |g?1t ILH0 int € embe |menPabove3 on(fy Fastdbe “SC+VN9
shodered anddhe raumerieal appeture {NA) ot a projection apticalisystent ray
only has to be larger. Then, a liquid immersion exposure apparatus is

pFohased i Witieh the fedutdtioh isdimpréved byilidg the tspateshetarend 2 -

a projection optical system equipped in the 15 exposure apparatus and
substrateﬁ)({\lf\(/:a]féFe V\&%L fhe’emn oglgn%eeﬁ}r]cagg\?é”Witrggaeiiqﬁ?gg%aé\%néoan ©

refractivetadex bigher tham dbabetgas apd svbstantially increasingdhe iner
numerical aperture in size of the projection optical system. The ease will
bBdeserbePbaow Wherésy measurementasdit tL20laguivaleritite sptcdlution,

eI sl ol e smbedneni s S opaig 1.
measuremenbuait (whichas d&be amh pptisakpropeny measwementand the
apparatus 90') that is 25 equivalent to optical property measurement
aﬁﬁg@g&§g@i§perture (NA) of a projection optical system only
has to be larger. Then, a liquid immersion exposure apparatus
is proposed in which the resolution is improved by filing the
space between a projection optical system equipped in the
exposure apparatus and a substrate (wafer W in the embodiment
above) with a liquid having a refractive index higher than
that of gas and substantially increasing the numerical
aperture in size of the projection optical system.

The case will be described below where a measurement unit
equivalent to optical property measurement apparatus 90 of
the embodiment above is applied to the liquid immersion
exposure apparatus.

In the case the measurement unit (which is to be an
optical property measurement apparatus 90’) that is
equivalent to optical property measurement apparatus 90 is
appliedto the liquid immersion exposure apparatus, as 13 shown
in FIG. 18, a marking plate 91’ may be constituted by a

planoconvex lens. Marking plate 917 is equipped with a flat

section (a flat surface) 91b that faces a projection optical
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applied to the liquid immersion exposure apparatus, as is shown in F-G.
18, a marking plate 91' may be constituted by a planoconvvex lens.
Marking plate 91' is equipped with a flat section (a flat surface; 91b that
faces a projection optical 57 systemr. 1L Side, and a curved surface
sect--on 91c that faces a collimator o tical system 92 side and has a
predetermined curvature. Marking plat_-e 91' is made of glass materials

thay strapsmit iluminationilightsuch.as guariz ot flugrite, 5 Op-thesurface, ..
of flat section 9-b of marking plate 91" a light-shielding film is formed as is
descriBed pegviously armlinghe ttentérpertion afithetight-shieldingtfdmmaned
circular ogening 91a’' is formed. Mareover, in order to prevent a liquid w

froH éfitering inside SpticaFproperty 10 MeBstifemert apparatisegoa s that
waterpeaaf(ajliquig-pracf) Jneasyies are dakenuby a.seal material, 900 or

the like between marking plate 91' and housing 90a of optical. property
measurefertrapparatas 90> fin Adliticr,can. thre $ufacesrefr lopening Hda'c1’ ,
of rreiarkin plate 91' and the area around opening 15 91a’, a liquid

P . a ligq .
répeliaht film' (2 wéte? fepeitaht'coat) 1" tormad: fn Sstate Whers figlic i -
s supplied {0 he space bgtyveen, projection opticalsystern Rl apd the,
upper surface of marking plate 91', an exposure light incident on
projectiors opticalr20ngystém’ P 1 is riotrtotally reflected atrtheitip portion aofo
g@'ection optical system IL, and passes though projection optical system

Snd Britets TigdisW. "As'iE ChoWh'in” (G Y 187 of e Exfostie lightPerty
incident-endiquicyyanlythe exposuye ightthat enters opening 9185, ¢ )

enters inside marking 25 plate 91'. In this case, since a refractive Liaex of

-heasures are taken by a seal material 90b or the like between
marking plate 91’ and housing 90a of optical property
measurement apparatus 90’ . In addition, on the surfaces of
opening 9la’ of marking plate 91’ and the area around opening
9la’, a liquid repellant film (a water repellant coat) is
formed.

Inastate where liquidw is supplied to the space between
projection optical system PL and the upper surface of marking
plate 917, an exposure light incident on projection optical
system PL is not totally reflected at the tip poftion of
projection optical system PL, and passes though projection
optical system PL and enters liquid W. As is shown in FIG.
18, of the exposure light incident on liquid w, only the
exposure light that enters opening 91a’ enters inside marking
plate 91’. In this case, since a refractive index of the
planoconvex lens constituting marking plate 917 is
approximately the same as that of liquid.w or higher than that
of liquidw, the exposure light incident on opening 91a’ enters

inside marking plate 91’ without reflecting off flat section
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planoconvex lens constituting marking plate 91' is approximately the
same as that of liquid w or higher than that of liquid w, the exposure light
inciden on opening 91a’ enters ~ ~~ inside marking 7.1-ate 91" without
reflecting off flat section 58 91b even when an incident angle of the
exposure light incident on opening 91a%s larse. Further, the exposure
light incident within marking plate 91' is deflected by curved surface

sectiony H ¢rand thenis emitied:te collimator opticabsystem 92, In Sithisient
manner, even when the space between projection optical system PL and
nearking piate 91sisiilechwith a liguidthar hasa eefractivedndextiigherident

than that of gas to make the. pumeric La rture of the projection optical |
s%te%%?&%%lfﬁ% %?(%%gu% ligh ggn? %gg]etuei ed'to %SIYF%%Fourrofpgfﬁ jsection

system 0-92nda marking plate 9L constizledby.aplanoconvwexless. oo, 1n
Further, in the embodiment above, when measuring the wavefront
abeiratibp of Projettion optical ssteprPLe Mehserementreticlel PT itptical

loaded on reticle stage RST. However, a pattern plate on which pinhol
p%%’t%ercnesmar%e“ fci)arrrlndz %gksjirrﬁﬁaP 6] 1r:neea‘?;slure?nsen %ﬁ&é Iy'i'ti\g p%:llnja 1t%.*ﬁéeythf’lt

arranged.ofy reticle-stage RST ranghibe pattein plate is pogitioned With.e the
the field of projection optical system FL and then the wavefront aberration

of i) Ecticn oplical SystermiPL itay be ] Adasore @20 Fatthey,shdhe larger,
embodiment above, éﬂ% & Qési’gﬁcﬁ‘eg%%%b&dﬂfh%re gpcglg%li%rgge%ystem
measurement apparatus IS US Oor measurement of optical propertres
Thatis perfarmed gbefose exposure-akwateriWdnone:lot Haweyekdtisians .
matter course that optical property measurement apparatus 90 can be

Further, in the embodiment above, when measuring the
wavefront aberration of projection optical system PL,
measurement reticle RT is loaded on reticle stage RST.
However, a pattern plate on which pinhole patterns are formed
similar to measurement reticle RT is permanently arranged on
reticle stage RST, and the pattern plate is positioned with
the field of projection optical system PL and then the
wavefront aberration of projection optical system PL may be
measured.

Further, in the embodiment above, the case has been
described where optical property measurement apparatus 90 is
used for measurement of optical properties that is performed
before exposure of wafer W in one lot. However, it is a matter
course that optical property measurement apparatus 90 can be
used at the time of periodic maintenance after assembly of
the exposure apparatus, and at the time of adjustment of
projection optical system PL when making the exposure

apparatus. Incidentally, on the adjustment of projection

optical system PL when making the exposure apparatus, in
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25 used at the time of periodic maintenance after assembly of the
exposure apparatus, and at the time of adjustment of projection optical
system PL when making the exposure apparatus. InNidental-y, on the
adjustment of projection optical system PL when making the exposure
apparatus, in 59 addition to position adfustment of a part of lens elements
constituting projection optical system PT, that is performed in the
embodiment aboye, Nasitign adjustipent.of ofherlens, elements, s c1enents
reprocessing of lens elements, exchange of lens 5 elements, and the like
canrbe-pérfdrimed rRurier} irtheoembodimentalsove, ltherabertatior of thened
ght-re%eiving o(? ical system such as collimator optical system 92 inside
Stopetty Téaslirefent “appitatus'at i§ fo be'SHidit eRough i be! °1S

opticalro

ignared kawevery inthecase;sugh 10-as whepwavefront aberratiogs lens
measurement Witﬁ higher precision is performed, the wavefront aberration
of dalyetheslightrréceiving optical system peay bemeehsured in advance at

any time Ebgiqcrg et “e wavefront %berr,ation is computed. Such wavefront

aberration theasirem&nt 3F orly e it reteRifg 15'6pticarsystetat e
he realized, hyiitradiating:lumination: ights|T. gmitted from Projection;+ i ca1
optical system PL to a patter-, plate and measuring the wavefront

abgration a8 deselidedoabove in astate miheredhe patrern plateonrwhich 90

aipsintholg_epgttae rltgat ha%_a}cgi%eeleir e enough to enerate.a s herical 20
wave By irradiation Ot fitihination I r%cff%i% prcﬁ@%ﬁé’ﬁ Loptical-Systent PIEUCD
issarranged i thesvieinity of snarking-plate. S4.anchopening:9' & i s frther
restricted by the pinhole pattern of the pattern plate. Then, when
corfputingthewavefront- aberrdtion obprefection eptical system L ctheéy the
m%?gﬂgngeceiving optical system may be measured in advance at
any time before the wavefront aberration is computed. Such
wavefront aberration measurement of only the light-receiving
optical system can be realized, by irradiating illumination
light IL emitted fromprojection optical system PL to a pattern
plate and measuring the wavefront aberration as described
above in a state where the pattern plate on which a pinhole
pattern that has a size large enough to generate a spherical
wave by irradiation of illumination light IL via projection
optical system PL is arranged in the vicinity of marking plate
91 and opening 91a is further restricted by the pinhole pattern
of the pattern plate. Then, when computing the wavefront
aberration of projection optical system PL, the wavefront
aberration of only the light-receiving optical system may be
used as a correction value.
Further, likewise, in order to obtain the wavefront

aberration with good accuracy, dark current of CCD 95a is

measured in advance at any time before computing the wavefront
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i5 aberration of only the light-receiving op-, ical system may he used as a
correction value. Further, likewise, in order to obtain wavefront aberration
with good accuracy, dark current of CCD 95a is measured in advance at
any time before computing the wavefront &0 aberration, and when a
value (a luminance value) of each pixef an offset caused by the dar]c
current may be corrected. Such offset correct ion may be performed in

the ease when the, gupil- iInage Mmeasdrement deseribed previgusly of the.. ) |
like is 5 performed. Further, j r. the embodiment above, opening member

3@ is fflaced onthecbpticdl pathaof Hlumination light Ieewhenr petferminguch
bi&o%asr llumination, However, as o enigg member 3C, a member that

cOnverts the pofarization direction of > 10 frito the i poidrizatiGny the pupil

unyRatior: dight; May-he anangedy, Jhe eXposyle apparatys,vhich s ; o
equipped with annular iiiluminati_on aperture stop 6A, quadrupole
illeifatiors caperture stop 613, bipolar illumination aperture stop 6C,

conventignal illumination aperture stop 6D and the like as 15 aperture ,
stops forc%iﬁlurrﬁi}ﬁ%ﬁbnfﬂa% Se SR ABSCbEY. HoWever, TheB &pditresr 3C 1s
apparatus may he eguippec With eithgkii s 1uThii Rak- e apesiure:stops qn
as a matter of course. Further, for example, small a illumination having a
araide ohillueipation dight L L uagual té on less! thagvaroursts 04 araynigemember
u %d. 20 Farther, ig Q% e(r:nbodiment apove, tﬁwe case has been described

where Opticat pro pegty meaSUrement apparatug ob4s “p&rmanently- 1" °f
afranged at waferistage WSTHewever; theipresent: s on may be arranged.
The exposure apparatus, which is eqguipped with annular
illumination aperture stop 6A, quadrupole illumination
aperture stop 6B, bipolar illumination aperture stop 6C,
conventional illumination aperture stop 6D and the like as
aperture stops for illumination, has been described, however,
the exposure apparatus may be equipped with other illumination
aperture stops as a matter of course. Further, for example,
small ¢ illumination having a ¢ value of illumination light
IL equal to or less than around 0.4 may be used.

Further, in the embodiment above, the case has been
described where optical property measurement apparatus 90 is
permanently arranged at wafer stage WST. However, the present
invention is not limited to this, and optical property
measurement apparatus 90 may be detachable with respect to
wafer stage WST. Further, another stage that is different
from the wafer stage is arranged, and an optical property
measurement apparatus similar to optical property measurement
apparatus 90 may be placed on another stage.

Further, in the embodiment above, fly-eye lens 5 is used
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invention is not limited to this, and optical property measurement
apparatus 90 may be detachable with respect to 25 wafer stage WST.
Further, another stage that is different from the wafer stage is arranged,
and an optical property measurement apparatus similar to optical
property measurement apparatus 90 rhay be placed on another stage.
Further, in the ombodiment above, f--y-eye lens 5 is used 61 as an optical

integratorHowever,a microfly-eyedens may, be psedinstegd dnthis o oy
case, since the intensity distribution of light source images is further

uhiforms thiari ritsheadase fiy-eyeilens 55s usetinit detbmesrgasieritoy
extract 5 each pixel corresponding to the light source image. Further, as

tHe Sptical interator; &M ihtefiial Feffe i pe téYfatoFa Hog-Torm than

integraigr or the like).can hie ysed, andqin such acases itsurtual imageds » -«
detected as a light source image. 10 r'urthe light source 1 of the exposure
apparatos:in theo empadimehtabovetisandtilirhitedto acpuisetogitravivlet her,

light source such as an F2 lase-- light source, an ArF excimer |laser_light
s%ﬁ’rcteg%tnapgE kﬁﬂexéirr)ﬁceerqggé:ﬂ?ght SBurds; ahidran BxtrachighPres&ire
merewrylamp-that emits an emission fing 45 such as a)0-ling (wavelength:, g
436 rim) or ani-line (wavelencthh: 365 nm) can also be used. In addition,
aharmohicwagemay He uséd tat issalstaineddyearnplifiingeal 1 ght source
single-wavelength laser beam in the infrared or visible range emitted by a

DES” $8miconductor laser or fiber laser, w_tY , a fiber amplifier 20

dopedwithy for-exampley erbilan Letba'Chetbibraandyireribiig)a andiBY: n the
converting the wavelength into altraviolet light using a nonlinear optical
C@@@ﬂdﬁm@@@ﬂﬁﬁ@yﬁe1ﬁagﬁmcbﬁ@ﬁted.to51pulsed ultraviolet light
source such as an Fy; laser light source, an ArF excimer laser
light source, and a KrF excimer laser light source, and an
extra-high pressure mercury lamp that emits an emission line
such as a g-line (wavelength: 436 nm) or an i-line (wavelength:
365 nm) can also be used. In addition, a harmonic wave may
be used that is obtained by amplifying a single-wavelength
laser beam in the infrared or visible range emitted by a DFB
semiconductor laser or fiber laser, with a fiber amplifier
doped with, for example, erbium (or both erbiumand ytteribium),
and by converting the wavelength into ultraviolet light using
a nonlinear optical crystal. 1In addition, the magnification
of the projection optical system is not limited to a reduction
system, and an equal magnifying system or a magnifying system
may be used.
Further, in the embodiment above, the case of a scanning
exposure apparatus has been described, however, the present
invention can be applied to any exposure apparatus comprising

a projection optical system regardless of types of apparatus
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of the projection optical system is not limited to a reduction system, and
an equal magnifying system or a magnifying system 25 may be used.
Further, to the embodiment above, the case of a scanning exposure
apparatus has been described, however, the present invention can be
applied to any exposure apparatus compgrising a pro-ection optical system
regardless of types of apparatus 52 such as the step-and-repeat, the

step-and-scan.and the. step-apgestitching . The usage of the, expasie. 1
apparatus is not limited to the exposure apparatus for manufacturing
sericondudtorsand 15 the present invention can also be widely applied

to, for_ exr%mple, an exposure apparatus for liquid crystal that transfers a

liquid crystAF diSpT&y device [atterh BHtd & SqUTE 2Shped gliss piafe: ted to
and an expasure apparatus,used.for manufacturing,organic £y hinfilm .4

magnetic heads, 10 micromachines, DNA chips or the like. In addition, the
pitesent irention igarcalso be appliedtoarh exposereyapparatusi that, for
transfers a circuit pattern onto a glass substrate or a silicon wafer, not

ofily WheiT produding icrodeVides stich® as SemicGHdctor dévices, Bit*

alspawhen PEOFUGIRY AyretiGle 15108 adpagk Used INLXROSW e APPAIALUSES 4 re
such as an optical exposure apparatus, an r,UV exposure apparatus, an
XsragPespasuresapparatus, endnefectrambeer® exposuretapparatus. for
Semicqnduyctor, devices are manufactured through the foljowing steps: a

e kned Aedigh' 50 Ya device i beromed;

step where the TuRctior/performance

arstep where an Jeficienbased;ofs the- design step is manyfactured, a step

where a wafer is manufactured using materials such as silicon; a step

whegsent invention can also be applied to an exposure apparatus
that transfers a circuit pattern onto a glass substrate or
a silicon wafer, not only when producing microdevices such
as semiconductor devices, but also when producing a reticle
or a mask used in exposure apparatuses such as an optical
exposure apparatus, an EUV exposure apparatus, an X-ray
exposure apparatus, or an electron beam exposure apparatus.

Semiconductor devices are manufactured through the

following steps: a step where the function/performance design
of a device is performed; a step where a reticle based on the
design step is manufactured; a step where a wafer is
manufactured using materials such as silicon; a step where
a pattern formed on a reticle is transferred onto a wafer by
the exposure apparatus of the embodiment described above; a
device assembly step (including a dicing process, a bonding
process, and a packaging process); inspection step, and the

like.

INDUSTRIAL APPLICABILITY



10

a pattern formed on a reticle is transferred on--o a wafer by the exposure
apparatus of the embodiment described above; a 25 device assembly

step (including a dicing process, a bonding process, and a packaging
process); inspection step, and the like. INDUSTRIAL APPLICABILITY 63

As is described so iar, the optical propéry measurement apparatus and

the optical property measurement me hoc of the present invention are
suitable for measurernept of optical properfies;of.anoptical system to be, . ¢
examined, and the 5 exposure apparatus and the exposure method of the
pegsent ainvention dressuitable §0r a lithegraphy guecessdtar tmantifactusing: he
semiconductor devices, liquid crystal display devices and the like.

PURRER, the deVice" maufdcturig TBttod 6rihE preserititéntion rPtical
sgitable for manyfaciuring (¢ electron.deyices, MCSLLE, G What ls, o
Claimed Is: 1. An optical property measurement apparatus thal measures
optivalproperiasaofanoptical systens tpbewexamiredod theé apparatussent
comprising: an incidence optical system_on which a light via the optical

sySteRt to BE examifiéd i€ ntiterit am opticAUHTERAY hAS afirsEoptical
systent that, canverts thelight naident.on the.incidence; optical system : 10, .
into a first measurement light in order to measure a first optical property
afongcthe eptital properties of Fukje@pticahe device manufacturing

method of the present invention is suitable for manufacturing

electron devices.
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system to be examined, and a second optical system that converts the

light incident on the incidence optica' system into a second measurement

light in order to measure a second 15 optical property among the optical

properties of the optical system to be exam=ined; and a photodetector MCSLLP
that receives the first measurement light or the second measurement

Jight, or both. 20 2. The optical proper: measuremen apparatus according

tqflgim FJuidher somprising: a placement unit that alternatively places

the first optical system or the .second optical system on an optical path
the light via the optical system to be examined. 25 3. The optical property
measurement apparatus according to Claim 2 wherein the photodetector

receives the fifst ME&durdment TRt Whétethe piakement B paces theat
first optical.system on MCSLLIP; 85 the gpical path of thelightvathe . ;e q,

optical system to be examined, and receives the second measurement
lightawhep the: tplacementrunit ptaces the second optical system on the
optical path of the light via the optical system to be examined. 5 4. The

optical proPerty TiESUTEnTENt Hpparatiis bRBording' 1o Clafin Bt fiitheria the

camprising: a,computatiopuinitiat compytes;ipformation related to the

first optical property of the optical system to ne exarn~ ned 10 or

informatiem related-tolthersecondzopticakpropeity af the optisal systerrtothat

be examined, based on a light-receiving o ‘
converts the light incident on the incidence optical system
into a first measurement light in order to measure a first
optical property among the optical properties of the optical
system to be examined, and a second optical system that
converts the light incident on the incidence optical system
into a second measurement light in order to measure a second
optical property among the optical properties of the optical
system to be examined; and

a photodetector that receives the first measurement

light or the second measurement light, or both.

2. The optical property measurement apparatus according
to Claim 1, further comprising:

a placement unit that alternatively places the first
optical system or the second optical system on an optical path

of the light via the optical system to be examined.

3. The optical property measurement apparatus according
to Claim 2 wherein
the photodetector receives the first measurement light

when the placement unit places the first optical system on
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result of the photodetector. 5. Theopti_calproperty measurement
apparatus according 15 to Claim 4 wherein the computation

unitcomp_:testhefirstopticalproperty of the optical system to be examined icspLp

based on a | ight-receiving result of the photodetector, in a state where
the first optical system is placed on thé optical path, and computes the
second 20 optical property o the optical system to examined based on a

lightreceiving, residt of the photodetector, in.atstate where the seeand ., .

optical system is placed on the optical path. Theop_icalproperty
nMeasuiemen<an<apparatus accordine25 10l Glams.uk,dfurther togiprisingn the
an optical sys-em that guides the light incident on the incidence ort-cal

SPIRIFFTLthe AiFst BHCHT S5 steif. SRaCAIS BS e det BRE GptitalsyteRt fcal
SHLB £The opticalproperty measyrement apparatis aceording 1o, 4 .

Claim 6 wherein thephotodetector has a first light-receiving area that
receives the first measurement light and a second 5 light-receiving area
that receives the second measurement light. 8. The optical property

measurement pparatis a&dotiing -t A 1WRerein i e firstopticar i n9
propertysisya polarizatign state,of ,the Jight via the optical system to be
examined, and the fist optical system is an optical system that can extract
a polarizeddighpirtan aebitrary diréctiorr includeds intheilight viartheelated to
ogﬂcal system to pe examined. 1.5 , ‘ ,
e first optical property of the optical system to be examined
or information related to the second optical property of the
optical system to be examined, based on a light-receiving

result of the photodetector.

5. The optical property measurement apparatus according
to Claim 4 wherein

the computationunit computes the first optical property
of the optical system to be examined based on a light-receiving
result of the photodetector, in a state where the first optical
system is placed on the optical path, and computes the second
optical property of the optical system to be examined based
on a light-receiving result of the photodetector, in a state

where the second optical system is placed on the optical path.

6. The optical property measurement apparatus according
to Claim 1, further comprising:

an optical system that guides the light incident on the
incidence optical system to the first optical system and also

to the second optical system.
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9. The optical property measurement apparatus according to Claim B
wherein the computation unit measures a polarization state of the light in
areas within a light-receiving surface of the ~u p otocetect r that are
conjugate with a prurali ~o" different areas within a pupil plane of the
optical system to he examined, based @n light-receiving results obtained
from the areas. 10. The optical property measurement apparatus 25

accordingyto-{zlaim 9 wherein the first o ttical systerm L.¢udes a . - rqing

polarization :beam sputter and a quarter wave plate that rotate relatively
to- eaChathercargusdeam optical axis of the light via the optical: sys..eia to
be examined. MCSLLP 67 11. The optical property measurement

apparatus TScEOIY i EFimE L Viereinithe tse d6itF optica bréperyisa that
wayefront.aberration of ;5 the optical system, tp he gxamined, and the

second optical system includes, a wavefront dividing optical element that
dividgsta weavefrony of theslight via theceptieal systemdodhelexaminededont
12. The optical property measurement apparatus according to Claim 11
whefsif the second optical system is placed in the vicinity of a plane that

is conjugate with a pupil plane of the optical system to be examined. 15

13. The optical property measurement apparatus according to Claim 12
wherein 8. The optical property measurement apparatus according

to Claim 1 wherein

the first optical property is a polarization state of
the light via the optical system to be examined, and

the first optical system is an optical system that can
extract a polarized light in an arbitrary direction included

in the light via the optical system to be examined.

9. The optical property measurement apparatus according
to Claim 8 wherein

the computation unit measures a polarization state of
the light in areas within a light-receiving surface of the
photodetector that are conjugate with a plurality of different
areas within a pupil plane of the optical system to be examined,

based on light-receiving results obtained from the areas.

10. The optical property measurement apparatus
according to Claim 9 wherein

the first optical system includes a polarization beam
splitter and a quarter wave plate that rotate relatively to
each other around an optical axis of the light via the optical

system to be examined.

MCSLLP
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the optical. unit further has a transmitting section that transmits the light
via the optical system to be examined, 20 and the computation unit
computes a third optical property among the optical properties of the

optical system be examined based on a light-receiving result of 'she MCSLLP

,hotodetector, in a state where th transaitting section is 25 placed on the
optical path. 14. The optical property measurement apparatus acccrdi:o
to Claim 13 wherein the third optical property is information related to a
MCSLLP 68 pupil plane of the optical system to be examined or

informatian related toga plane conjugateywitk: theupupik plang,orboth s15.
The optical property measurement apparatus according to Claim 14
whereiRhe Thik® opticadbropeity 7£a humerical aperture of the optical

system tq.pg exanped, a.sNabe of.apupllymags, position infoymation of,

the pupil image, or an intensity distribution” of the pupil image.

expesureapparatugdhatprojecis ansimage=of,a aredetermined pattern on
a photosensitive object, the apparatus comprising: an illumination optical

system tHdt fiGfifiitates e’ predeteriiried attert with eaidridtion viding
light; 2 projegtion optical asaf%%waggpyl&g%se@go llumipation light via the .,

predetermined pattern on the photosensitive object;
optical system to be examined.

12. The optical property measurement apparatus
according to Claim 11 wherein

the second optical system is placed in the vicinity of
a plane that i1s conjugate with a pupil plane of the optical

system to be examined.

13. The optical property measurement apparatus
according to Claim 12 wherein

the optical unit further has a transmitting section that
transmits the light via the optical system to be examined,
and

the computation unit computes a third optical property
among the optical properties of the optical system to be
examined based on a light-receiving result of the
photodetector, in a state where the transmitting section is

placed on the optical path.

14. The optical property measurement apparatus
according to Claim 13 wherein

the third optical property is information related to a



a stage that comprises the optical property measurement apparatus
according to any one of Claims 1 to 15; and an adjustment mechanism
that adjusts an optical property of the illumination optical system or an
optical property of the projection optical system, or both, based on a MCSLLP
measurement result of the optical progegrty measurement apparatus. 17.
The exposure apparatus according to Claim 16 wherein the stage is an
pQJ@J?@tl%i@%éh&tflotdﬁeth@p@m@@,seggrl@ivembie@t.ﬁwC&Miﬁ@dleoAn
‘optical property measurement method in which optical properties of an.
IStREreySieR thbeetim %%d%r%tﬂam%%sﬁ?end], 1fﬁjeg Ircneetﬁ%“ %or%%ﬁsf%%?él
dirshprocess owhich a first optical property among the optical properties
of the optical system to be examined is measured; a second process in
which the first optical property of the optical system to be examined is
adjustetchaseideoroa tresalt op trreorieagureraenty ang athrd precasssin

avgrcltigg si%ggtcogg Qgigglmprgge@( -3mong the optical pro_perties_ of the
optical System to be examined is measured after the first optical property
of the opticat systénriotie exaimiirEisadjusted. IOl Stlcaf pRopeise ©F

fREagyement ”%%{‘Q‘E%ﬁc%%fdﬂlg 49 Glaim 48, furthgr cempesingpadeurti mage,

process In which the second optical property

position information of the pupil image, or an intensity

distribution of the pupil image.

16. An exposure apparatus that projects an image of a
predetermined pattern on a photosensitive object, the
apparatus comprising:

an illumination optical system that illuminates the
predetermined pattern with an illumination light;

a projection optical system that projects the
illumination light via the predetermined pattern on the
photosensitive object;

a stage that comprises the optical property
measurement apparatus according to any one of Claims 1 to
15; and

an adjustment mechanism that adjusts an optical
property of the illumination optical system or an optical
property of the projection optical system, or both, based
on a measurement result of the optical property measurement

apparatus.

17. The exposure apparatus according to Claim 16
wherein
the stage is an object stage that holds the

photosensitive object.



of the optical system to be examined is adjusted based on a result of the
measurement. 20. The optical property measurement method according

to Claim 19 wherein in the case the first optical property is made to be
different in different areas within a pupil plane of the optical system to IcMCSLLP
examined, the optical property measurggent method further comprises a
fifth process in which a light-receiving surface of a photodetector is

placed in areas dhat are 1conjugatewithmthesdifferent areascrespedtivelyyich
and the_first optical property of each area is measured based on a .
TFehi-retkiVii RSt SbtaBd o he phowHbiec br O L 75 5L are
ik expesiye methad tcarprisingra measurement process in which an
illuminatio aoptitcal %sctem that illuhrnlin%teas afp@geternQQ%da%att%rn gvliftjgy

an illuniin ijoﬁsllgh? or aepsr(%jelcﬂo‘r'{ opﬁcal sys%em tthi’?\?prmec skhe®

alluminatioe lighttvia 4fie predetermiaed ofattéra orcd phetbsemsitieer objecbe

or both |es(/jarlesmade to. be.an optical system to be examined, and an

XaAml measured;, & d . .
opgilljéalrl property of the illumination optical system or the projection optical
system zorssothislare measaredhusing cihedpticalipropety Micasuremene rty

&eﬁggjﬁgea%qtos§@xe%%%f Glaims 181029; a0 agiustment PICESS on a

inw e optical property of the illumination optical system or the
opticaltpropeit cofithe prajenssrt optical system, or both is/are adjusted

ugngaée%ﬁﬁgahﬁfg%@§gem?QQﬁﬂgla.second optical property
among the optical properties of the optical system to be
examined is measured after the first optical property of

the optical system to be examined is adjusted.

19. The optical property measurement method according
to Claim 18, further comprising:

a fourth process in which the second optical property
of the optical system to be examined is adjusted based on a

result of the measurement.

20. The optical property measurement method according
to Claim 19 wherein

in the case the first optical property is made to be
different in different areas within a pupil plane of the
optical system to be examined,

the optical property measurement method further
comprises a fifth process in which a light-receiving
surface of a photodetector is placed in areas that are
conjugate with the different areas respectively, and the
first optical property of each area is measured based on a

light-receiving result obtained from the photodetector.



an exposure process in which the photosensitive object is exposed with
an image of the predetermined pattern, after the adjustment. 22. A device
manufacturing method including a lithography process wherein in the
lithography process, a pattern is formed on a photosensitive object in the
exposure method according to Claim 23.

21. An exposure method, comprising:

a measurement process in which an illumination
optical system that illuminates a predetermined pattern
with an illumination light or a projection optical system
that projects the illumination light via the predetermined
pattern on a photosensitive object, or both is/are made to
be an optical system to be examined, and an optical
property of the illumination optical system or the
projection optical system, or both is/are measured using
the optical property measurement method according to any
one of Claims 18 to 20;

an adjustment process in which the optical property
of the illumination optical system or the optical property
of the projection optical system, or both is/are adjusted
using a result of the measurement; and

an exposure process 1n which the photosensitive
object is exposed with an image of the predetermined

pattern, after the adjustment.

22. A device manufacturing method including a
lithography process wherein

in the lithography process, a pattern is formed on a
photosensitive object in the exposure method according to

Claim 21.

MCSLLP



