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MANUFACTURI NG METHOD TECHNI CAL FI ELD The prese
invention relates to optical prpperty neasurenen
appar at uses and optical property neasurenent
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particularly to an optical proper *G0002#
apparatus and an optical property neasurenent netho

t hat_nmeasures o tlcal roperties of an optical system
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used. 20 BACKGRCUND ART Conventionally, in a
I'ithography process for manufacturing electron

deVIECHNICAT, ag1mp conduct or devi ces (integrated
circuits) and liquid crystal display devices, a
proj ecti Gheeppesaene appanativs treabtesansf epsiaali pagperty
of a 25 pattern of a mask or a reticle (hereinafter
geﬁ@aaﬁqrfnre@fterarp@@ratt@l% and etgleal) propsadly siegtsurement
parea on a phot osensitive substrate such as a wafer or
Oa Qo951 atEresatéd maaﬁartébﬁesﬁ a”(dpl%‘tp&ssé’r@ fiafdods, and
ag her ei fter referr 'substrate’
%% L?% vica aaﬁFOJeéklgﬁ t Cal gﬁ&%l&?%§lqﬁﬁﬁfly to an
dﬂ@f%éﬁy@%o%%rQEph%%suQ%H%%Ro%ﬁ&%r%RR@J%&H§en 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 is 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 liquid crystal display devices, a
projection exposure apparatus that transfers an image of a
pattern of a mask 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’) via a projection optical system is
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conventionally a reduction projection exposure

apparatus by a step-and-repeat nethod (the so-called
stepper) has been nmainly used, however, recently, a

proj ecti on exposure 5 apparatus by a step-and-scan

nethod (the so-called scanning ,stepper) that perforns
exposure while synchronously scanning a reticle and a
wafer is gathering attention. In such a projection

expegud.e Appahatusypkt okSpreguttedn &Qpbkansf gpparatus,
finer pattern with a high resolution to cope 10 wth

hi glherentiegradtliyoa oédsetri conduc] @t deviegoantk apparatus by
like. As a nethod to achieve this aim the so-called
supefEe@sENGirer e atte dlertdloslyy thigc s casadimgl @tepper) has been
(ring-shaped) illum nation, bipolar illumnation and
quaﬁﬂﬁém SS9 uMONENIEEn, TR HY . 1B BECIRGTART BFPevere

th lLuti b tti i nci | e 15 of .

| PERERAConEl: B CES &Pt Tt 4 06l pl ererhPege Scanning
I h3a ' i~cal - -

g?%gggpetOSFﬁgﬁgﬁgﬁéﬂgﬂ{%%g?%?58ﬁ§§hﬁggﬁéggﬁﬁ?ﬁ%%sly scanning

f ocus ey ARt laMdZ 2N a& eROli @l ig2dhie@n ngt at@ et 1on.

illumnation |ight in accordance wi'th an array

di recti oinofuqats progeonidf exgedird ephasaheen at S& required
proposed. This nethod is a nethod in which contrast

of te transfferr ed filmege pandetrhe vlitke aahe ghnpeevédtiby to cope
maki.ng a pol ari zation direction of a linearly _
pol‘“’ért%ztébghfﬂ LYEAZRTERN g REMBECAdYCEestdPR ces and the like.

orthogon t.a a riodic. direction of the patterns (a ,

o PAP AR Rkt o BRE £ Bttt LR e Pere s DRt -gp oo lution
th r . - patent u s - .
oneeRanbioly qhc oMo taen | P ERbel) . i1 BfupdR ion,

t obiigpnave ithenkiaselivh and @1@@6&@?&31@ 131RMOheeted, and the

image and the |ike by nmaking a polarization direction
of 13kej, IWhiitmamponvkitgid resoant avedywhet eitden incident angle
il lum nation Iight '
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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is distributed within a pupil plane of an illum nation
optical systemcoincide with a circunferentia

direction of a circle having an optical axis as its

center has been nade (e.g. refer 5 to Patent Docunent

1). In this manner, in the case_the resolution and

contrast of a projected image And the like are

i nproved by optim zing a polarization state of

i1 L et 00 drd dhitght tid Ssrprafer alere tthcanfiigddi8 on 1ight
pol ari zation state of the illumnation light. 10 In

t hiiss daseribunetihodc Hif an@asily ipngniehef el alidaih&@bion optical
state of the illumnation Iight on a plane conjugate

Wity s qaugiol ncpldgneioh arciddumfiarsritoe loptlirealt isysbém circle
can be considered.  However, in this nmethod, various
opthTANPPEpRr t1 63l Gihas 113 GRNt&t BASRgcaRdgy e ety refer

and a pr.ojectjion optical system 15 such as a size, a

shgﬁ% é%ﬁ#i% Q%W%h$ Js'illunination need to be

measur ed,r ang. e. p f ehensi ve

Teasur oty CHLE SIS o e ch aa S Rt el eSBC R caag cgntrast

pold iazgtb9Bclinechhol Hq tHd umikaagi-an; hi ' imizi
SO as tg bg differen? at diff%ren? 55% b%%???%%?nﬁ%%tllelng
W tahipo 1alte zatpioln ptave of ifhenildavidiatiigntopitcad preferable
system the propagating velocity of the illum nation

| i gt cong idinf £ be epr 1 depamdi org sora ttche fpohari Zatmiomtion light.
direction due to anisotropic nature of an optica

el eiferftiiGoRreter ufi RELROPafPr Mmea $helpy of ke tidm Wmadtdan state

syst and . the like. Accordingly, 25 even when the _
i |)/|Clﬁ1@ﬁ‘§t ilgﬁ Ui gat lﬁ&s%éggtth%u@hp%ﬂ%e SERI UG Ief ety pupil

3 Iptad l?ﬁﬁ! ee DS .ta%mi 1A u%\é}egtriqiq o%f itchael. | slylcﬁ'#rgfmg ;%:téﬁf rk]) e Iciogihsti dered.

projection optical systemis

depepdiveg., an the PelAaHZat i HILddanaf Jheerties of the
illTumnation light. Thus, since sone of various

optiildaimipraapernt iogs iafa 1t Bgsitkhusghaad i o flecOPdh GHtical system
system and the projection optical systemare not -
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 illﬁmination 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 projection optical system is different depending

on the polarizationdirection of the illumination light. Thus,

since some of various optical properties of the illumination



conpl etely i ndependent, a nmeasurenent nethod of

~optical properties in which these dependencies are

5

taken into consideration is expected be offered. 5

Non- pat ent Docunment: Thinothy A. Brunner, et al. "High

NA Lithographic imaging at Brewgter's angle", SPIE

(USA) Vol . 4691, pp.1-24 (2002) Patent Docunent: Kokai
(Japanese Unexam ned Patent Application Publication)

No . o8- 10584 24 sIt0erDI SBGL AIURE 1OF) ¢ NMENT | QN IMBANS JRQRm are not
SOLVI NG THE PROBLEMS The present invention has been
made T Sohsl dErERRDHIDIE thd A TWRTOH desdiabef optical
above, and, accordi.ng to a first aspect. 15 of the .

o1 CUSRET /SR Tort b 6 3 TR AN G 95 r1° i Tl LnEe

Pr OPBIL ¥ IRASUSSMENL. ARDATAL Y5, thate masures opti cal
properties of an optica systen1to€%e exam ned, the
apparatu |51 RY:; [ DGy ti t Cwgs
o oh s e DR e L AR SR B ian
i s NAG Dedgragh optisdinnidt Hrdhsdefras andlid’st SPIE (USA)
optical systemthat converts the light incident on

t he/é hcd dehceppti2al (HBt)eminto a first neasurenent
light in order to neasure a first optical property

anong t h&admnitc HoPprespert ikekagf (IePasmsicdlnesipiiang FPatent
be _ exam ned, and a second optical_ systemthat
co %F%qﬁPWi%ﬁhl%E?Q*&ﬁH 'cé;q 1t%hci dence

ooptical systeminto a second mneasurement light in
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order to neasure a second optical property anong the

opth £8C IV HORE! IS QWQ@N’ cal systemto be

exanm ned; and a photodetector that receives the first
MeSEANTEFORI FULVING ETBEC ®PROBEEMS enent | i ght, or

both. 5 Wth this apparatus, the first and second

opti cal The present invention has been made in consideration of
the situati.on 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.



properties can be neasured separately or in parallel

from light-receiving results at the photodetector

that receives the first measurenent |ight or the

second neasurenent light, 5 or both. Further, since

the common phot odetector can begjused to neasure the
first and second optical properties, the apparatus
configuration can be reduced in size and wei ght.
Accor di ngitd ahiecepgaaspect ahet He rmtesent siemvent opical
there is provided a second optical property

Me FFPREREIES I3 afFarass nathts ey opt iigalparallel from
properties of an optical systemto be exanm ned, the

ap&éﬂﬁqﬂ§QQﬁﬁﬁQQﬂIﬁfsqiﬁﬁﬂ%%ﬂgﬂﬁ!Rﬂ?ﬁﬁ%ﬁﬁﬁ%ﬁgﬁﬁhat receives
| T VRASEHACOBUT CAF ™ Ey St EH (5 BEC SRAMTACH:S St 1igne,
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nmeasures at
opti L MeaRr@PaiHd &S ft they ARldGR sustem t-dRerties, the
exam ned. Wth this apparatus, the polarization state

of ddmaddtghd cotifa dreatoipin caln s tiadaede rexxarsaethd weight.
and at | east one optical property out of the optica
properti éscofrdting bpt & cacaydtaeme20otfothe mxeargmed nvention,
can be nmeasured. According to a third aspect of the

pr éd&fte iy e orfied theyer s Rt Gheld REPRSGI0s dfe surement

apparatus that projects an image . of a predeterm ned
DA S Ot Sk &

il
il
projects the illumnation light via the predetermnm ned
patdcsrat ioa thien pldcosens tiivhtobiiecttha Sdw@igat hatstem to be
conprises any one of the first and second optica

pr spentinabas ndearepptapgparat asest pine@ sutemeprteseat rument that
i nvention; and an adjustnent, nechani smt hat

ast ohe optical property anong the

39S SR etk PRIRE T Hgparak i optical

TS LU on el el 5 o
gl Natlan o it gu Al eGldOnRid cala syl amtdaty

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 1light
via the optical system to be examined and at least one optiéal
property out of the optical properties of the optical system
to be examined can be measured.

Accofding 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



adj usts an optical property of the illumnation

optical system or an optical systemof the projection
optical system or both based on a neasurenent result
of . the optical property 5 nmeasurenent apparatus. Since

this exposure apparatus conprisgs the adjustnent
mechani sm that adjusts an optical property of the
illumnation optical systemor the projection optica
systhemprarsdyot hrusmg ong neas wre pehjtu stesunl tt nefchamy sonechat

of the first and second optical 10 property

me @sliesfengn mfdcatiusespe r e odptlhe dll lpmgperttiprcapt i el system
adjusted with good accuracy, and as_ a consequence,

hi G §RRUrER e S¥RpEER € %pB%J %FliL@Ué?Pt%@c%]o%{ﬁﬁsmtfoor both

o
Smmhﬁgé‘qyéﬂéﬂt g&gﬂﬁ;&;§§ of an optical systemto be

exam ned are ne t'he net hod conprising: a first

process isAnehi €Risadddsir ORY %@Iat%oesﬁghggg%é R&justment
optical properties of the optical systemto be

exadrethiish tras WEdista seeptd qAIosesSsert i ot ied itlh@mination

first optical property of the optical systemto 20 be

exaptied i syatfustredhbased) ort om eptiitadfsydteem, or both using

measurenent; and a third process in which a second

opts @QPSBF@@@MW%@OftW @B?l%%lthSr%b?éﬂ 2ag efcom@ optical
10° opti cal t1ystemto be exam ned is nea ured afqﬁg t he

fi rps‘ftopz?&t e A ISR @praﬁé‘tdﬁ%Scalt es;Pé‘ttéﬁ Pﬁéperty can

exq]rg rél%%dsste%djv}{sctl} q‘:{%o%S %tl Ca Syrspf cl%% uenc(f

optical -property o be exa

i s HI%@ﬁW—%d:dd}att@ Jx';{o%lun%r RGP e a%?ﬁeﬁféc?r the first

optical property is adjusted based on a result of the
measur enmeritcoird ihige t s e€ L 0GRS ctt BE SIEE Prbs&H iiGdlention,

property that changes in accordance with the first 7
optﬁhﬁaﬂe propepvyded apasptédal rprdreetty megTwoessit method in
15 i“;%lch 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
20 Dbe examined is adjusted based on a result of the measurement;
and a third process in which a second optical properfy 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.
25 With this method, the first opticél 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



manner, even when the second optical property is
dependent on the first optical property, the second
optical property can be neasured with good accuracy
after the adjustnent of 5 the first optical property.
According to a fifth aspect of the present invention,
there is provided an exposure nethod, conprising: a

nmeasur enent process in which an illum nation optica
sysipgmcdlhatrddd iy rnat eeagupkedehechenedipdtpestesst h In this
an illumnation 10 light or a projection optica

systaamethate yurojweirs thte sdddnshiapdtiiaen Idnfipte tiya itshglependent
predeterm ned pattern on a photosensitive object, or

botd iraarkel fRideOR Wt A Gisttitoal they steaAnd apdical property

cxem s, ons e onLil. ponerty o (he ) AN B o

both |s ur.e ' e optical property
SnEQQE%éégéﬁzqﬁ%%héﬁpéﬁﬁﬁﬁgﬂ%$ésent i nvention; an

adj ust menf- JYRE]RS ti aWRi ehn LBgeOPtbEA hPrOREIdM Afnvention,
the illum nation optical systemor the projection

optircate syst@rviddedadh d:sdaderadhatied, uSdnigrifing: a

result of the neasurenent; and an exposure process in

whincde D0r ¢ren tplpotaasersiin veiobj eotil burkpaseon wati@l system
imge of the predeterm ned pattern, after the . .
adj el uUmiynek eehi Presieirednigrdepa hhe bptiidd an 1llumination

property of at least . one of the illunm nation optica
102V SPEHUAF (e B 6ot Tor PO ot btV S5t Gei S T ok the
using the optical. property. 25 e
thet it an PR R SRR TR g0
| eg5io e 04 1 d N i1dd s natd, onQpt 16k By RLEM 8Nk the optical

projection optical systemis adjusted using a result
of dhex deassinedredttamihed photdsensidd vea DIy esdettSy of the

‘exposed with an inage of a predeterm ned pattern, and
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t herefwrisatekpoowte c81 sw$hemioght ae curcaierctcdam pptical system,
achi eved,

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 projection optical system, or both is/are adjuéted 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



Further, in a |lithography process, a fine pattern can

be fornmed on a photosensitive object with good

accuracy by formng the pattern on the photosensitive
object in the 5 exposure nethod of the present

invention, which makes it possible to manufacture
n1crodeV|ces wi th higher integration wth good yield.
Accordingly, it can also be said from another aspect

t hati thheén ipihe sertunatwerddromd Sachiderdie manuf act uri ng

met hod in which the exposure nethod of the present

i nventi ofurtBeirs ased. 1 BRIEFr OFSCRY PI¢CEONs O THERie pattern can
DRAWNGS FIG 1 is a view show ng a schematic

cor%?fq gflSPrrtheidor‘befa PAY? tOESISUrte Vap PR I&s WEGH: |%>O§h accuracy by

mbodi nent the present 15 invention. FIG
b oy ta%%h%ﬁ% AR e iqE g tein the

53A | & Vrjee\%esgﬂj Véq NG &8 %s I f]{qﬂxper}lﬂﬁ%n, which makes it
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pola I'Zzat'i on conversi on

annu
gHENNIORe M FA&G u BB rdl%r%d@v%\%egqg%ﬁghﬁgher lntegratlon

polari zation direction of a |light converted by t
polwardrzgbbayicany.er stesraerges, Wi Banaiiryd Be Sald from another
illumnation. FIG 4Ais a vieMIshomﬁng a datum

di reeqteiain tihmtathpobaeseati dnveohvensim rkEvbiere wiaufacturing
quadrupole illumnation. 25 FIG 4B is a view show ng

a pEItdad ani shiahrielke i ature meghcdcefvene aresenthenvention
polarlzatlon conversion nmenber with quadrupole

107 P§miy®&don. FIG 5 is a planar view of an

illumnation system aperture stop plate. 9 FIG 6 is

a view showi ng a configuration of an optical property

Mgt RFEHESCRAIPF¥ON 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 direcfion 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
qdadrupole illumination.

FIG. 5 is a planar view of an illumination system

aperture stop plate.



FIG 7 is a view show ng a configuration of a

pol ari zati on detection system 5 FIG 8 is a view used

to explain a principle of polarized illum nation.

FIG 9 is a flowhart showi ng processing of a nmain

control l er 20 when exposure opegations are perforned.

FIG 10 is a flowhart (No. 1) show ng neasurenent 10

processi ng of an optical property. FIG 11 is a

fl owchar FIGNo6 23 shawiwngheowasdr enes £ i¢puosessh ngf gin optical

an optical property. FIG 12 is a flowhart (No. 3)

shewiars TheaswEsveramendr egeessiatgsof an opti cal

property. 15 FIG 13 is a view showi ng an exanple of a

neasurengi- retiSclPe ViEWGShPAANDs aa C\?Péwgélﬁé‘\*ﬂlﬁéjl gh 2

op arran e t when wavefront aberration is
é’ﬁiﬁetol E?%Q?la?nvl SR b ng an optical

arrange I r F
515 i's a”S?EWV@;ﬁ%Waﬁg%neégg st SRBFayh LBEIHEIR potarizen
resquIltuHQLb;aadeﬁg vvhen measuring a polarization st ate.

FIG 16 is a view show ng an exanple of an inmagi ng
result off@ pupisl a MAERchATtFlsGowihg praceisewnghow Agmain
a configuration of a nodified exanple of an optical
pr apreTtine Ineas WlemeTen gxpersatuss ofdr@titd s sare \degWormed.
showi ng an exanple of a confi guratl on of an optical
property Fasdderént dppaicaeds i(Worhd ) cadeviungn mepgrement
present [ nvent| on |sq%tppl i,ed to a liquid inmersion

AR ReR CARRYI NG QUT THE

is a flowchart (No. 2) showing measurement

10¢
INVENTIO@IG'
proéessing of an.optical property.
FIG. 12 is a flowchart (No. 3) showing measurement
processing of an optical property.
15 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 optical arrangement when
20 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 result
of a pupil image.
25 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 invention is appliedtoa liquid immersion exposure
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An enbodi nent of the present invention wll be
described 5 below, referring to FIGS. 1 to 16. FIG 1
schematically shows the entire configuration of an
exposure apparatus 100 that is suitable for carrying
out an optical property neasurngment nethod related to
the enbodi nent of the present invention. Exposure
apparatus 100 10 is a projection exposure apparatus by
a spbeprandsscan nethod (a scanning stepper (which is
also called a scanner)). As is shown in FIG 1
exposure apparatus 100 is equi pped mﬁth an
illumnation s sten1that i ncl udes a ht source 1
EST, MK nHOF CABRLINGS DL FHE KNVENTAGNs! age
RST 15 t at olds a reticle R a projection
Syst om PEL atiat grh & L BT eoR Bt LFAt it oh L described

noggﬁ%% eg%&nggﬂgro@I%% %Q thqﬁ has over al

control "over the re apparatus and the like. As

| i ght sowrge ﬂ’sdﬂbﬁgﬂf%é¥¥§LsH3WSAEEe(@ﬁQ£¥bfddHﬁﬂd&?atlon of
20 excinmer laser |ight source (output wavel ength

193nnkxbssusedappAtakiught osourge is éhﬂﬁﬁﬁﬂelﬂﬁﬂﬂcéi&ylng out
illumnation light) having a linearly polarized |ight

as aa wgitn cadnpageir tiys ngerseranecht Inethadr owilrged to the
bandw dth or selecting a wavel ength, or both, and is
ouePRrdigentnoickhlbraSegtt 1aggncéon - i sExpeanpedrnamatus 100
ser,vice ropm havin g a | oner de%Fee of cleanliness,

whitGhd| REQEDST H0® FHRAFULE GPBAS ALISnPWIerS %P -@Rfisisan method

t i n _which |II m nat.i_ on t| I ysten112
retlcﬁggggagg R ppﬁ%bjeclfghlbpﬁﬂga a§§§¥ﬁ ﬁfanner))'

waf er St@QQuygiowﬁngj%H% “1k%x%%%u@%%%%%réﬁ@?ﬁOb%:sequlpped

source 1 is connected to the chanber via a i ght
transm bh A9 1 uephia@alons Stse®d RGatSHAWI)adesWal QA ght source 1

i ncludes at |east an optical systemfor optical axis

adjpost mentt ldahlied td dpoe@mtriwtdhisygtem tL2, 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 is 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 illumination
optical system 12, reticle stage RST, projection optical

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



(BMJ) in a part of its system Light: source 1
controls the 5 on/off of the output of |aser beam LB
the energy of laser beam LB per pul se, the
oscillation frequency (the repetition frequency), the

center wavel ength and the spectyal line half wdth
and the like by an internal controller, based on
control information fromnain controller 20. 10

|| lapumad i10hs apinrcad t &y Sloethd clcanpsf 8% a Tydhhdefansmitting
| ens, a beam expander, a polarization control unit 2,
a Zaomopt syakemsisteshoandi, f¥irbch ilowe lopleiscat lelastean optical
unit, a polarization conversion unit 3, and an . .
optI e APedRit vFa { REASRMI BBF)eNE Cadd &d 3 hifiaFalpbahing unit
sys} aperture sto% pl ate afirst rela

e

6 15 ] ens
ecohd P&ty ° A& SgBY SEeF x el 78t i &9 ‘bﬁ*ijlnoccg}&mls the

sand, & pvable,d eljiol bli nd OB, an ontd i PAN gy of 1aser
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i'ng mrror a condenser Tens 10, an

|1 ks ar. B BESEHGPEPONENY $5citNG tG¥h @g@&uEﬁE?’ ({H€ repetition
beam expander, the zoom optical system "and the _

di ffreaptdrady joptiheateaktereni vanéfgen erilicthteedpbBt FhG 1ine half
20 1. Inthis case, as optical integrator 5 a fly-eye

| ensidtdn, andttgrendli keedyt eotiirdre tnglecontegi ko Hesgddn control
integrator or the like) , a diffractive optica

el eIt ¥de Tide rewim eondserll leq G he enbodi nent, a
fly-eye lens is used, therefore, hereinafter it wl/l

al so be Tef@HEd 13 AR F i Sepd Fehs cgTprases a cylinder lens,
IHlumination optical system 12 IS cannec

| g‘h?eaﬁ : el
a lé}g.é‘gem,t rANSNE .4 NG WM Wcﬁﬂptel%w unﬁ,s_eé:tﬂcﬁ@ization
shape of 1aser beam LB, which is the pul sed |ight

t hadore i dd ach f+ am ldghtan spicea 1l iavbdrSaddei deogenizer)
via the light transmtting wi ndow, 12 is shaped

usinganf ok lexbmpt eon tshs teyl apderukernstay pllhéebeam first relay

expander. Pol arization control unit 2 is equipped wth
heB S Wdved second relay lens 8B, a fixed reticle blind 9A and

exXpander, a pdlarizatIonconpro heq t? Epgoonloptical
rARHi T TT hg Bptical “syStem gstt 'Ped apsvacola

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 isconnected1x>theiight
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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plate that is rotatable around a rotation axis that
coincides 5 with, for exanple, an optical axis of
illumnation optical system 12 (which is to coincide

with an optical axis AX of the projection optica

system) . Wien | aser beam LB shgped as descri bed

above enters the half wave plate, the polarization

direction of the |aser beam changes because a phase of

a 10 cbapedenting,arphasgamgyvancehaxiyl hdectlieds or the beam
advances a half wavelength with respect to a phase of

a @@M@@@@ﬁt in a direction orthogonal to the phase

advance axis direction. Since the change is

det er ni nE@ 1By 1zararat ¢ oMt posiiion2 dfs egehPpedarith a half wave

pol rlzat Lon direction _of incident |aser beam LB and
thé& i Ja%?&r?@é’-%esa&i?u? & AR 5P Pt at'le at'Coincides
polar|zat Qn caontral unit n contr%lllq

polar|Zat|one§aq§%ﬁ’on TofPPe lcateé’ *8sEr beaWIlfétlon optical
adjNalidng 1bhe Jiatat 1:Qn Rosiiinen Lf WLihe hal tp‘e@\égl ax 1s AX of

pl ate. The adjustnent of the rotation position of

haltherpyeipkat en bt Pesf ey, dih¥hMaofr dedh Ve shaped as
unit (not shown) under 20 instructions of main

cortersairiéred?2@bokrceneat altthe hiai ft kevegskatasethebeadrlrBzation
emtted from light source 1 is an elliptically
poldamez:écdqn @it thepdlagpsiz fgagn demaes basiausz gaphalsso of a

equi pped with a quarter wave flate that is

NeTdr diind BhF‘SFa‘?%ﬁ“%%%X %a@l%c@o?rhadd’éé‘ces a half
Mﬁth tlc |Ilun1nat|o opti cal
R GhtE e hate Ak aesepPgt LERSpaRY Sl rection
th%rt%'do%t ucaa'd M HRO! afs?eedﬁd@%r 0 i LRV €dsince the
into a lnearly polarized |light by the quarter wave
pl alreng@nd & ket i@ n RO IS 12 atd ot iy eeddien dnherre@fadhs of a

adjusted by the half wave 13 plate. Further, at

polparliazeatzaagn ccodi rett bonto 2 inandehensder bhah IReADdeshe phase

the polarized nature of | aser beam LB can be pl aced

on 2glY amss eal s et Rhefha HsepvBeakd 1B $olagiggthen control unit

Ca%ack:)gr? cofntrol 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 is an elliptically polarized light,
polafization control unit 2 may 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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being inserted to and wthdrawmn fromthe optical path.
Wth 5 the elenent, in exposure apparatus 100, random
polarized illumnation also becones possible when
illumnating reticle R Laser beam LB which
pol ari zation direction is adJu%Fed at pol arization
control unit 2 passes though t he zoom optical 10
systen1(not shown) made up the conbination of a

?ﬂ@\@ | ersrandra §@n?§¥akﬁ?ﬁ§ti@ﬂdcéﬁ'ﬁf‘oﬁnﬁr@f.ﬁ 2h&n element

fraction opti cal ement unit (not shown) . In the

dl ffhraactenoveptiheabo eh eread natnirte, o 1pketdbedny Lefcan be placed
phase-type diffractive optical elenents through which
di fory &at iant laegl e tand direestyi dresnofLEdisfof rease tted be15:apable of
lights are different fromone another are arrayed on _
t urtSEtng RS SFEREeEC ARG %ﬁﬁPQﬁaW4u§ﬁﬂ“UF§F|?QtéFal Path with
dlffract|ve opti cal elenents is selec vel aced .on
*Une it i ot Tl TR Ol e e e 1 zec

optl ca'fP“ ﬁ%lo o %kgec?rg%se}%oiﬁgiolt g%hﬁ%‘%ﬁ“ﬁ%&n%fretl‘:le

| ager beam LB, the sectlonal shape of | aser beam LB

can be a desired shape. Normally, fromthe viewoint

of . ener gy.aefefr peamncyR vehithH fobaetdive taphl aakeekeBBNis taijusted
be placed on the optical path is determned in

accor gadee iwatthont benshapeiroft hepassep ttiratgh $he zoom optical
selected at illum nation system 25 aperture stop plate

6 (%K§Qﬁ¥‘d@§6rﬁbédnlaWé¢? upP |5hq KicsdEdtdon ofpstCprEdve lens

of | aser beam L cond ed to an openi n ctlon
of A1 GiTtich KyS e herttalt & N p}ﬁ%ﬁ S Tagriopn eprical
PO AaROURL Ll AT RBABN! 9h (IELA% (SELLGLANGNC 1ca) prement

di ff1iact Iav§1995n§ay &t %@e—&ly%egl@@rﬁlﬂglogtéﬁ‘@ic@f@tehlements
enters ari zation conversion unit 3. FIG 2 shows a

pl Etﬁm'OUQI‘EWthf‘l qof furd z@t r0AngARWes S @It reritti s &8 disffracted

shown in FIG 2, in
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 efficiency, 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 (tobe described later). 1In this manner,
most part of laser beam LB is 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



pol ari zati on conversion unit 3, polarization

conversion 5 nenbers 3A and 3B, an openi ng nenber 3C

and opening section 3D are placed substantially
equiangularly. In FIG 2, a |light-shielding section

is indicated by diagonal |ines.;, Polarization

conversion unit 3 is rotated by driving of a drive

unit 4 such as a notor that is controlled by a control

si gohiaf £ dcf romopaiilicadoat epeéhepl2@ecand pod apitZakilopath enters
conversi on nenbers 3A or 3B, opening nenber 3C or .
opeR? IRy 52t i Oh SV sidrectriieldy  plGeced ®mewher planar view
opti cal path of |aser beam LB. Wi ch of  polarization ,
corfVe PSIGT H@THErs CSAVERE L SB, Ubben ng Rekbeth 3 1anglG. 2, in
openéf Szeg’éioor{] Sol:?uiresrstjporpeurpita\?\?d S E}rh'e 1tc|> cal vaetrhsion

15 % Het &1 m ned T Accordance wit PIHE s10p O ¢

i i t-¢m ape t te~( - -
deanrbad It &) ot 2re PR Ene o R T AP kg sectien
FI G» %%@&%\%@h@@ﬂé} eqfify@rdZaii onn FI1G6. 2, a
conversi on nenber 3A arranged in polarization
convegisi-oshimlidin@ st Rat ard zatd Dre wohvief sditgdrediberines.
3Ais a nenber that is placed on the optical path of

| askeldbelbm it Bundererndonuotitonslis obtatkd poAtivlihgrof a drive
20 when an annul ar (ring-shaped) illum nation _
apetttly & SH6p 1% & Bet@esErprbets SO bfed Pyl anf o Foh signal

10System aperture ggg Elflé;e 6nqgtg be.gggcri bed 25 ion members
| at'er§™ FE 15 §RBEZSA T ERe” Opti EhP Par AZ2PEPEr F 2AY T bt o member
ConyeLs Al SBERDAL migek SRAS 4P Ol ndabL uBYe Pl al8S cotivel
3Aa, 3AD, 3R 3Ag_, VR TSR 8 a_% gkﬁ@mao@ of —ooTVe
bi refdddWesy Hved esphed Sa BUSdt RS a1 dMH @b m Y St i AS of
is showmn in FIG 3A, these half wave plates are
pl auelh with aciet dot ves iamohbebeak0BM G ropBiRGabpaxi 8glbember 3C
AX of illum nation optical system12 as the center.

Hal FndveRzen il At xCBYen t3P 3%h i ehatlhdnd ®rhdii mptical path
menper that is placed outside the optical path of ; _
15|as§%dﬁ§§ﬁP&B?d 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
20 3. Polarization conversion member 3A is 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
25 later) isplacedon the optical path. Polarization conversion
member 3A is made up of half wave plates 3Aa, 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



At half wave plates 3Aa to 3Ah, a direction, which

makes 5 a phase of a linearly polarized Iight

parallel to the direction be shifted by a half

wavel ength with respect to a phase of a linearly

pol arized |ight perpendicular tpsthe direction, is to

be a "datumdirection' . In FIG 3A the datum

directions are indicated by outline arrows. As is

showh oifni Fl @nidadtian ol ikad f syavempl 2akest BAzxende3Ah, Half wave
each datumdirection is in a different direction.
HerklatesSAspeanshiB 35 dsslghby @ dkding Inemdsmy yhat is placed
polarizggalight that has a polarization direction in

an KBS diFeciP o R Th i F re1 3¢ doFdD W an “H
lari . ") 1N _thi ari zati .
irect | ot ol “PAset S8 g5 EBETHACTTS BTV o by nich makes

shal f wave bt at£s, 848 go%\@i%ggi@@h% wgggheﬁ% PRedPirection
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shown in FIG 3B. In other wor ari zation

di restdoncedq lepes I@Bﬁﬁaﬁzéﬁe&%&’yaﬁiﬁg BYspect to a phase of

pol ari zati on conversi on nenber into a

ci reunfreraent v gholalt ¥aed | big{a pangeniduler did eqid af)rection,
of a circle having optical 20 axis AX as the center.

FI G tadand 4B ghownssitaoirat i 6n KldhweéRsitre denberd3®ctions
arranged on pol ari zation conversion unit 3. '

Pol 2§ 281961 L b MYe PEItSATReABEPWSB iAS pisasd®voninnBIG. 3A, at

opt, c ath under instructj.ons: of in controller 20
R R R T 5T | Fis HaEt o abert i Qrbrbron s in a
i1 e ' V. - er t.ur (;to

destrt b Tar i T AP ac i 8s ThalsnePef ™ jifp38uned co be
Pol B i &8t 1 Prp SOAWES & O aBbhds equippet Widh direction
half wave plates 3Ba, 3Bb, 3Bc and 3Bd nade of

bi rief enngent i sratiericalisns(ehias ia vaFaxiral tor ystaal ‘HASolarized
is shown in FIG 4A 16 these half wave plates are

pl acethdt) pr ddetdini Aedespabengolaroaatiopt dtegchkes of laser

. : : i cal 12 the_center.
AX of 11 Lum nation o\?%%f%%&?/ﬁ%leﬁr]ngpae?@laates 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 havingoptical
axis AX as the center.

FIGS..4A and 4B show polarization conversion member 3B
arranged on polarization conversion unit 3. Polarization
conversion member 3B is 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 conversion member 3B is equipped with half
wave plates 3Ba, 3Bb, 3Bc and 3Bd made of birefringent

materials such as a uniaxial crystal. As is shown in FIG. 4A,
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l'i ght-shielding nenber that is indicated by diagona
lines. 5 FIG 4A shows datumdirections at half wave
plates 3Ba to 3Bd. In this case, when | aser beam LB
is assuned to be the H polarized light (a linearly
pol arized |ight which polarizgtion direction is the
X-axis direction), a polarization direction of |aser
beam LB that is converted by 10 hal f wave pl ates 3Ba
t 0 BRGbexdfesvatviee pdiartect iaor ad ashkowat preBleGerdBneldn spacing
ot her words, the polarization direction of |aser beam
LB arst@@ﬁtl@@lb?XQél AKi 9at 1 bhunbnyveieh ovPedbersysSgm 12 as
so as to be a circunferential direction_(a tangent
I||ﬂ§e(ﬁQQRﬁqon¥aéf HaH?rE#étﬁévﬁﬁé BBt? Qla5§|§eA¥ Ry a
th 5 Referrln ck to
ToSTEETHET Tomiting (Bt ¢ Pt 1 FATSEaTY SEsRRA, Lines.

5a b'p0|a?Id lHH‘Qﬁéwgnda@ﬂﬁﬂafféééﬂéﬂ% gkohgffdﬁé&é'gfgtes 3Ba

Iater) of “i'I'l umi nation system aperture stop p

(tadepdescrihed J akee) . wRES 10PN BEamTERDES a%@u'm%d to be the
pl aced on the opti cal path of | aser beam LB under 20

I NH rpeclid s OfL it CortiredEry 20 lidr itdeel daisthtt kehich
bipolar illumnation aperture stop is placed on the
optriccla r ipatticof diddantigratisortie ghtadis dduredieion), a

openi ng section 3D has a relatively large C|rcular

op & i iFeritioh SirEC tdory eSpbhtRT R LEoRPaRt  drizgnverted by

"'n“a%?éa;v%‘. O ST E dpr T GO I 8 (A0 8 e shown
dostl et 1420 B0AOPERLAG SERET R, 30:L8 RLACAY R son of

"aser eém nstructi ons

of MRy peant LQ'i§rcozgréﬂ"cetd1%y0§§§aEh@a@?@f%%rﬁ\%@élon member
illTumnation aperture stop iS placed on the optica

patir ofo idd wE mat 0 ikéunfigghindilal Refreradirg back arment line
FIG 1, laser beam LB enmtted from polarization
corfdgrssitgreruniof 8 ehtets Hdyinyedtgmalsaxig 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 placéd 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



order to illumnate reticle Rwith a uniform

il lum nance 5 distribution, due to incident |aser beam
LB, fly-eye lens 5 fornms a surface |light source that
is made up of nultiple point |ight sources (Ilight
source inmages) on a focusing pl,gne on an exit side of
fly-eye lens 5 (which substantially coincides wth a

pupi | plane of illum nation optical system12). 10
Herieigraf tiar., a | aser beamthat is emtted fromthis
secondary light source will be referred to as

Y11 um n&eifer diinghtraldk to FIG-t Re \iasiewi bgagf LBhemitted from
focusing plane on the exit side of fly-eye lens 5,

i | IRfiatatdadn By TR iU ist op Pt e oot ilemsed - I
by a di scoi d-shaped nenber, is placed. As i,s. 15 .shown

1 S5 G T R b R e A gt T i nance
5.6’ Jiosrtre')gadg)ilo% %pueaQ%miﬂE:'ﬁ@ﬁF:t Y%Se?tk?@artloﬁB,a%Lﬂ}—aé’ye lens 5
i I I'um nation (dn annul ar FIrPum natt on aperture stop

6A) 0@, & FPILE iadiaPerhivEe SHOP ifsOhadPdif betdnultiple point
illumnation conposed of a plurality of openings

di spiagad ddu@ie Lcaeyit Galfandgenrids)20n a fuwadisupel @lane on
illumnation aperture stop 6B, and bipol ar ,

i | larmemati shdapet tfuye eyeopeB€)5 (ahiapesthsantioplly coincides
conposed of a conventional circular openin%_(a
corigrt iormiril IR atdont L lapeiiai oty 6@ svdasre 12) -

like are placed substanti all equi angul arly. 2

10 | (RS O Sy St LASapAITaR Shetons AHRE < FEOF g s Fecondary
by . dri.ving of drive unit.-7 su as _a. . LS . /
cort T8l ey SOl W8 ER Sl Py rione 1

20 shown {p tﬁ'eri%ini@?do@ntyh@%&fsitﬂEﬁp@B%ret Hher$d QPsit side
is selectively set on the optical path of

i |l fmatdeope lighd 9 L, 1 Siauriihait idre shafagn anpddBiresist®p plate
of the secondary light source (the light quantity '
di sé rc:;da},ftﬁ'xirutﬁd ib)_l' Lﬁﬁtha‘-‘tC'FQ)i’d‘fEH"g#n%d ovendrr pupidlasiethe As is
15|t f]esk:xév;gn;iend FtIC()S.a 5r,I g%’ i?l!n?lriggtgggcéiétén?ugpgg‘ffrgrstop 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
20 (a guadrupole illumination aperture stop 6B, and bipolar
illumination aperture stop 6C), an aperture stop composed of
a conventional circular opening (a conventionél illumination
aperture stop 6D) and the like are placed substantially
equiangularly.
25 Illumination system aperture stop plate 6 is rotated by
driving of drive unit 7 such as a motor that is 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



Incidentally, in the enbodi ment, using illum nation
system5 aperture stop plate 6, the light quantity
distribution of illumnation light IL on the pupi

pl ane of illum nation optical system 12 (the shape

and size of the secondary |ight;g source) is changed,

that is, an illumnation condltlon of reticle Ris
changed. It is preferable, however, to suppress 10

| i ghitzegquahtdHey deassidiie tlo gHe change @Gfhd Height quantity
illumnation condition to the n1n|nun1by maki ng

i ntoerwqrtl;blmmrrucbimldmmfnauudmmmn oror1 itgtet roypidn plane is
i ncident angle of the illumnation ht on the

i nchldrérﬁedmtem@ ofingpt iccala 5t églrrétlc?rf ( QUE 8pes |PhHns Like.
b ef st ead, ,of nb ith 15

% h&%w%wﬁ%ysﬁéﬁ%ﬁﬁ%g%w ISR Lginat on system

sexXapy ur% Cc[ 'tp%r%“eon ori=h ﬂ]gehgé;ﬂ aynecdléfy MUSE @ ion of

optlca uni t I ncl Udes™ at one

pl u_l_r:@.dI’[tl}ﬁé}.fqu{ ffraatime &pt‘dﬁ@lpupﬁle'ﬁrgrﬁe Rl@cet ymination
swi tchabl e on the optical path of | um nation

optdal cSly styemekll 2al t heashapd earl ls:ime( stichh@Sséc&ofery light
prism 20 or a polyhedral prism novable along an
optiqatcegxiis afharidddymitietti ars o cal 1l wyistam dr?, camntlitaion of
zoomoptical systemis placed between |ight source 1°
androptdlcaR { ategmatast- (fIltyl%y?ereﬂeerr@égl% R@ﬁérﬁrun@o suppress
back to FIG 1, on the optical path of

L0j 11 WfHat g 4 ght 1 95s ego"ichgt ero?ﬁ%r}%rﬁ%a‘if?eonlllummatlon

syste aperture, sto Iat rela ti
conposb B 5% Fri ofh Bhd) Honetah - SR ES Y e som or

| erhslﬁ%lr?aﬂ%cﬁ{?qq R tot} a Ehé?geﬁgt éﬁ(l;fe b n@n@%laﬁgnlnatlon
a novabl e retlcleg% [1nd 9B di sposed in between. :

Fi xeidgHetdrclnhdlineg At iplaced Qj’ptalcﬁlam&‘é‘éq@'ﬁdry (fly-eye
def ocused froma plane conjugate with the pattern
surfece df vamtdlrle RThame fareectiasdelealr odpemimmgomdined with
leor{?¥L£5§§€¥g£tJ§gtem 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 cptical path of illumination
optical system 12, at least one prism (such as a cone prism
20 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.
Referfing back to FIG. 1, on the optical path of
25 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 9A and a movable reticle blind 9B disposed

in between.



defines an illumnation area on reticle R In

addition, in 5 the vicinity of fixed reticle blind 9A

(a plane conjugate with the pattern surface of

reticle R}, novable reticle blind 9B is placed having

an opening portion which positien and wdth are .
variable in directions respectively corresponding to a
scanning direction (a Y-axis direction in this case)

and a 10fiegrdscannichg diliedt 98n isaplicaxi sndir edenenplightly
. When scanning exposure starts and ends, exposure on

an dafrrscssshfy Opad tPane greasrtad® b(ytpu?bﬁe?attern surface of
restrlctln%Ithe |Ilun1nat|oP%area on reticle

cPEYbRi FECEB BV 2bntRPoT LY IRifprme Yh&reon that
IIé%ﬁ 44?%‘a%$ll&%mg¥akh Oggéga aé@l?Ie ﬁluq%p%%dltlon, in

rear second

scongtd w&ﬁgt her kekay pPt{cpd bixi%tae% ﬁgﬁgﬁ@td&%ugate with
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mrror Mis plfaced that reflects illum nation

| L dreatptas ripassed atbr 68ghe 5€6080RY £l d1eins I%Bucle blind 9B
towards reticle R and in the rear of mrror Mon the

optiscall apatihheti2§ an lapmatg poritiight which qomstetser and width
lens 10 is placed. In the configuration described so

farare Fanipdildentn dusfcaddenst Heopegfd viedns cBIreponding to a
pl ane on whi ch nnvable reticle blind 9B is placed,

anfqarfgllﬁla?(tdelrrﬁ C@ of dtS QigeRtEes 1feithis Case) and a
t || t t.h | .
10gP it A s Bak Bk bR R ke P PLaSr b n® afifan seanning
el %’IFHHSIH:Q:' tst(a'%‘Ets, $HQWN 4, Jl&acf’s,qhaer'o%aého@nﬁ@@é/%a?‘h?rbart is

of po arization conversion unit 3,

%M’d@cﬁmﬁ/ auddter exddesicde f dHey lﬂ%ﬂlﬂ’é&l@n area on
(the pupil plane of illumnation optical system 12)

andethe lJpum Ivig aneradfl praytectlicon laptd G R0 cogyrstodmof main
PL are set optically conjugate with one another.
Furahierroltigs pdttern surface of reticle R and the

il plan r [ 0 t| syst.em have
Pgﬁatlgna 5 ?ﬁéﬂﬁﬁ%&ﬁé%ag umlﬂ%tlon f}ght ILlethe 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 optical 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



transform 5 The operation of illum nation optica

system 12 having such a configuration will now be

briefly described. Laser beam LB, which is the pul sed

light emitted fromlight source 1 enters fly-eye |lens

5 while the sectional shape of fhe beam is shaped, in

a state where the polarization direction within 10 the
section is defined to a desired direction by

polsayrd tzat iFan areodlogdlidald vantbrpplgdez atitih one another.
conversion unit 3. Wth this operation, the secondary

| i ghirtgdonr,cehdesettbed sueid qusifyretsclerkeddonhehmupil plane
focusing plane on the exit side of fly-eye lens 5. 15 ,

| | 1UnPHRIPERIPRgIRT T2 kAIVETEEd PEIMthe skt ¢fl tpiourier
source descri bed above passes through any one of the

apé??ﬂ} ©dt-ops on illunination system aperture stop

pl ate 6, d .passes. ! t he t ang :
5openi ng ()T?‘%f P&ggg}:é ﬁc?g lb]l]in%ngﬂg‘%&%ng%%\%rbil gbrgé?rlnc]fze having
bl ingb 9B Vddh i Slatr @Y% i BN EP bl M8Mhe AQ described. Laser
illumnation light IL passes through second relay |ens

8B mngh 1Bh)ewapthcal fiad huafsdd [lufhtatneBtkughtohllight source
defl ected perpendicularly dowward by mrror M and

t hen enltleusi fay+one lemhtS Whiilkl unenedasidiwel shape of the beam
rectangular illumnation area on reticle R held on S
r eticEeapedgel RST st whenhe fidrarPelhgFizadAea @brection within
di stributign via condenser |lens 10. On reticle stage

10RsTENG eFPEreNR P LG 0&f by, 2 (4575 hashpile ecthgayrpolarization

suctlan. i ﬂtnt%.*%' 5 SA8801h8LLEkE Bl age, ROT; L2 JINekY with this
drivabl'eewthin™an plrané "pérpendi cutar 'to optica

axisHeP4 £ 1Qn PriojLdd A apty cal gy st @& iild & viously

drive system (not 21 shown) nmade up of a |inear notor
or thedrmkel ad the @bsasdhigvpbkee ah ahdeskighadffe of fly-eye

scanning velocity in a predeterm ned scanni ng
di rleotds on (the Y-axis direction).

15 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. rI‘.hen,

20 illumination light IL passes through second relay lens 8B and
the optical path of illumination light IL is deflected
perpendicularly dowﬁward 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

25 distribution via condenser lens 10.

On reticle stage RST, reticle Ris 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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The position of reticle stage RST within a

stage-nmoving 5 plane is constantly detected at a

resolution of, for exanple, around 0.5 to 1 nmwth a
reticle laser interferometer (hereinafter referred to

as a reticle interferoneter') ,16 via a novable

mrror 15. Position information (or velocity

information) of reticle stage RST fromreticle

i ntsévciver) on@d@npldf 36l ireecsendbtbe arathe ddrker ahdi érs 20so0 drivable
and main controller 20 noves reticle stage RST via

r etitch edstiagethd geaspdngnv¢ teai ng n armradste heisert eganning
the position information (or veI00|ty i nformation).

Pr 6jie@GtdRropitihealY —sydteimedtd 95 aced bel ow reticl e

15 st ST in, FI G he_direct ti
ax.i AX 3Fe %#%}%Jc?w# shET e F et e B h i 5fge-moving

gﬁ%ﬁmggs %ﬁ%ﬁ%&§1d%Q c%%l g¥%§%@épEut§bn 9k %ﬁr example,

telece Frc re uctlon sy

an%r‘dﬂﬁwldi%e% aphurgl ¥ rofa [ens -1@) agReLs 1(rﬁ®rf%%\m=)ter
having optical axis AXin the Z-axis 20 direction in

CONMM¥Te iMAfither rede il @t ia@n a0ptrietdlc1sy Shemr fRromater’) 16
projection optical systemthat has the projection

magniaf iecabiveklR nfirrborlbxamy st il infdmat/i®ror(drhegelocity
like is used. Therefore, when the illum nation area

on imdiqranad iRn)j @fquﬁ}rﬁl{?ﬂﬁéagw R £rremng sat ¢ bh Lnitghtterometer

o T ot AR SR P 1er 2 mves
slifde g.l?:qpe%t ARHET Tl o f el a\a’oY“Htr)%e S stae%e (frawing

coate Si S (pho gsensiti ve

| Mge JdRant iRlday i eHed JJTmaen r‘%ﬁ%&%%t%rpf(@rewlmlty
nagnlflcatlon (3 by projection optical system PL.

| ngirdentmaldiysn)i.n the enbodi ment, of the plurality of
| ens el ements. described above, specific |lens elenents
(for exé’rxpljectpped@p@rlmade@ny|twe1 IPénssepéwe:ﬁﬁspeépel retlcle

i ndi vi dual |
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 optidal.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 is coated with resist (photosensitive agent), as an
image (partially inverted image) reduced by projection

magnification B by projection optical system PL.



novabl e. Such novenent of specific lens elenents is

performed 5 by drive elenents such as three piezo

el enents arranged per each specific |lens el enent.

That is, by separately driving these drive el enents,

the specific lens el ements can, individually be noved

in parallel along optical axis in accordance with

a di spl acenent anount of each drive elenent, 10 and a

desired trnkti qenth1ngspest the ampbaneeper, D@Eﬁdtﬁé| plut@lity of

optical axis AX can be added to the specific |ens

el drery % ldmedite dwaldnd beldn adoe egnispdiciEnt, landr edements (for

instruction signal used to drive the drive elenents

deseEinpde ,abpoedeits rodnpdt L1y bens nelgmdgyi e individually

characteristic correction contraller_51 15 based on

. St i%ons leBrﬁCifﬁ?ni?%ﬁfrscﬂqCéf lzole%& @H@nts is performed
ive el enen

cenent .anount o
5 Ookbh G igE CABRBrAEng eh FReTt TS 1T Pharies s Agranoed per
Ir]é%éﬁ‘%?ééy} %pﬁe%gleigﬁggg]PLTﬁgyLﬂg &Eﬁse rratefly driving

configuration describe ove, nmovenent “con

the Heanps gl enenhiern dBi th2Qgentiie 1em 2@ 1dm@nts can
i mage-f orm ng characteristic correction controller 51

makiesiiivi aessile tewad] ust psaaEldes allengabipangal( angs AX in

of optical properties) such as distortion, curvature

of addagidhnces Wilghme i dhsp boreresn s pirerindab fabeeh attilore element,

and the like. Wafer stage WST is placed on a base (not
10sha) beeswredstpls| vé Poﬁe%?FEa‘Fo sajgtleﬁﬁqvmr@emd@cular to

ol (IR G0 GF VRSP S A P8 idfep Sr 1erents
f"%ﬁ%lJfHﬁ§3 l%n pﬂe%ﬁﬁﬂﬂﬂh&ﬁﬁ;'%ndpivérfhséfdg%lﬁ$ 51gnal

Waf'er ‘stage IS driven 1n scanni ng direction

23 yEAKS di:'lrxﬁé?tﬂr@)dﬁ% %1@@&@%5&@4&%&@ is output
(the X-axis direction) perpendicular to the scanning

di nectironmbyewdbemingt aperdeteeisystem2dectniodudiargmller 51
notor or the like. Wth wafer
15 based on instructions from main controller 20, and the
displacement amount of each drive element is controlled
according to the drive instruction signal.
Inprojection optical system PL having the configuration
described above, movement control of the lens elements by main
20 controller 20 via image-forming characteristic correction
controller 51 makes it possible to adjust vérious 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
25 projectionoptical 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



stage WST, a step-and-scan operation is carried out in
which 5 an operation for relatively scanning wafer W
to reticle Rto perform scanning exposure of each
shot area on wafer Wand an operation for noving
wafer Wto a scanning starting 2|c§osi tion (acceleration
starting position) for exposure of the next shot are
repeated. 10 The position of wafer stage WST within

t hey 8% i aned i sonsinntd ywoetecied Ny tdi rd Jt899 Utthen X-axis
of, for exanple, around 0.5 to 1 nmby a wafer |aser

i ntasrfesrtonmet)eperpeneiinafitaer tor eherseanttnasdareatafer by wafer
interferoneter' ) 18 via novable mirror 17. Position

i nfsrasg dbhVE Gy SEEmoet dpciliténges MoRprofr Wagdikes Withwafer
stage WST is sent to main controller .20, and nmain , .
comtrdl9 &°T/29 %%‘F?b?%‘%l??%é’%?ﬁtrld?“ Gf° Gafrerest Age 1n which

WST vi a wafer stage rive st em 24 bas 0 he .

5 0SB ERSPTGET oR° LOF VB Bl S 11 GFthats Gnf & reticle R to
Fur. it T 1.5 T rds\/ 0 A

20 ﬁ%ﬁ%ﬁﬁ%ﬁﬁ%xﬁ&d% rdeﬂgfél%cnkp (éa{1 O(lr?t(r)]tagr'lt(:‘isaor%J ' defter W and
di racbbeRadl OHNhr hBi XgWH fEr RitdLRINAHIRLEL 9P ing position
Oy direction (a rotation direction around the Y-axis:

r ol {ddue 1 regcitdron}y arandgaddz t idin)e€br @xpas uret af itdhie next shot
direction around the Z-axis: yawing direction). In

adding grepented +Y side of wafer stage WST, 25 optical

property neasurenent agparat us 90 (to be described _
10 ater) i P& PRRgEdONART aY 3 fRhetita Hetedt WahhdystBf A5 plane is

is placed . on the sid surface o rojectiaqn optica

syst% qﬁqt%yndFﬁscgﬁgo‘ﬂjrmrﬁ ,resgﬁ'lu?ﬁﬁ eqﬁt"o:%r?irngxamp e, around
al i ST VS t r.v. - ' 4 .

pos(?'tl on e?gri?{yonéjqng%q‘?gl%ﬁre%a |%Iﬁ%erndtrﬁérrr%i)“}%err% frer
on Mafarrdd ks Msad asrad i1 greRRk rdeleetd 9N VSt NSole mirror

The detailed configuration of alignnent detection
sysit’em ASsiision information (or velocity information) of wafer
15 stage WST 1s 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
20 Z-axis direction, a 0x directidn {({a rotation direction around
the X-axis: pitching direction), a Oy direction (a rotation
direction around the Y-axis: rolling direction), and a 6z
direction (a rotation direction around the Z-axis: yawing
direction). In addition, oﬁ a +Y side of wafer stage WST,
25 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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di scl osed in, for exanple, Kokai (Japanese Unexam ned
Patent 5 Application Publication) No. 9-219354, and
the corresponding U. S. Patent No. 5,859,707, and the
i ke. The observation results by alignnment detection
system AS are supplied to main,,controller 20. As |ong
as the national laws in designated states (or elected
states), to which this international 10 application is
appld edpopetibh, debecaborendr Bcl Hsflires 0fi gli@nt mark) formed
publication and the U S. Patent are incorporated
hercai wafyer mefier erseel aBurRtlignmem egiestrienapystatudsS. The
100 in FIG 1, a multipoint focal position detection .
systedmi(ley oo ijgsires igny @dged iomaenits defecsfionosystem AS is
detection s stengﬁéfocal poi nt detection systens

d

. by
an BOHIGIQRE ner ' STATHOE /i £O4Prah RPN ST L{Iseéif“%%‘red Patent

det.ect.i.ng .t.he position.in,the Z-axi i recti.qn an .

O orE i I, BB P b W B Rt S84 sbRResponding
ang; & he Ar8as N the g cigi t t2€ 18XROSUR R ALE8c Pat |

t he surfacg 20 of ma?%*iwf Thé”gigggieg conf?gﬁrat?%n ation

of A1y biyPol nmd O€ Ale tRRTIINOBy dEERHAT QR eSYShEMed to main
(21, 22) and the like are disclosed in, for exanple,

Kolcain t{rbddane 2® .UnexalbngdaPat Bat naApphatalees in designated
Publ i cati on) No. 6-283403, and the corresponding U S
Pats&@t ado. (3, #48332 sagd atshe [tickerhiTive tddtsediniterns ional
resul ts by_the,nultifoint focal position detection
sySEBhICET 1035 apRl $epplReditlo rhicnabeierdt$etoeres of the

As | as .the national. Ja i n_designated states (or .

o P03 B P 5P T has SN eeeanrorRprated herein by
appldcatd . is applied, permt, the above disclosures

of the pdblication and the U S. Patent are 25

i ncor por at.ednher eiin bypbel,eeengparMexs, 10pt ieakic. 1, a

property neasurenent apparatus 90 arranged at wafer

st agd tWePbiwit Ifdge ldeseriithe. delt@ctfoghewstem (21, 22) is
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, Kokai (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 the national
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



10

a nodel of conponents that are placed on the upper

surface 5 or the inside of a housing of optical

property neasurenent apparatus 90 shown in FIG 1. As

is showmn in FIG 6, optical property neasurenent

apparatus 90 is equi pped with marking plate 91, a
collimator optical system 92, an optical system unit

93 and a phot odetector 95. 10 Marking plate 91 is

pl deedraorathel ghird1esidy arfeadefrcXi s  direction

position) that is the sane as the surface of wafer W

hel d on Wefker sbageaWSprepeas vyt ochauaetkagonapatratus 90
optical axis AX (refer to FIG 1). On the surface of
markingg gsidaed ngerast¢<@¢ltw%21hiWé41d4 hg flebarabed. sefMGng shows
as a reflection film 15 |s formed hy vapor dep03|t| on

of amdesle s ¢dh Cé’§‘p6’ﬁlreé‘ﬁ'ﬂsu|’h a&n@reapcl.arc@m ol 5@ .uﬁgegléurface

f d t. di
'fﬁ%o e TIRE S & GRg F ek SRFd & Bcdededryrenent

2%)&%&. e@beghggn f%hiﬂ?t?r Q@é'%@gh%%%tgﬁ]ggG gﬂe%ptical
ront aberration of projection optical system

|Sp&% h@gsukaméﬁ@|ébﬁgra@@sUhﬁ1QﬁEhQB?E¥do&lth.a marking
openlnggaof the light-shielding film ree or

norpd apal 199, (4 pallsmbboFl &ptifdlofyswem densi e@palical system
position detection mark 91b are forned, of which a
posintiitor? ¥ elrat isop heittddedpartiory %%1a i s known i n desi gn.

As two-di nmensi onal position detection mark 91b, in the

25 embodMREFENIP £ 63 S Lnk? kliogcenpt éy%%lgﬁﬁéoéﬁéé@n a Z-axis

' b det. ect t det ect
RS hR BPEoRt P Eal EgLt b n'5§”%| SCLLOR SYSEEIL of warer
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na%k'%gd B akgfg} sLEhg”WE@téQ éloﬁﬁﬁﬁgﬁﬁﬁy S, optical

ing” plate IS converte nto

beans s Axa (¢ekkircab 26c. doywnwass did eéllﬂf_fH}:eb)bf marking plate
collimator optical system 92. On optical systemunit

93,9lanaopeahngsseel dong 97 1 alrdcciselrensigaasay 98 gt ison £ilm

pol ari zation detection system99 are
is formed by vapor deposition of metal such as chromium, and
a circular opening 9la 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 91a 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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pl aced spaced apart at a predeterm ned equal angle

around a 5 predetermned rotation axis. By the

rotation of the rotation axis, opening section 97,

m crolens array 98 or polarization detection system

99 can be pl aced sel ectively oqggn optical path (a

position corresponding to an optical axis AX1l) of the

light via collimator optical system 92. The rotation

of ddwnwkld ofiatd O AaxXiks, ico IpemfardebIni b 1drd e duid2

(not shown) under instructions of main controller 20.
Openi ng Sectopdn @l mplseent lue igardal,| eln lbeams ngmisteicedon 97, a
from collimtor optical system 92 pass through

di Mectyqlermy argisc %garmbérmlga@emtmn giﬁtm:tm@@ system 99 are
optical path of illumnation 15 lig

phdﬂéﬂﬁi 6%6?“@%a@éﬁtnéésﬁr%r%d%E%FTlPﬁﬁg%qu?%1%Qﬁ%? around a

i l"mnpeudp.r”%%%é'feQda'o%f‘%fiﬁé‘yc%b% Pt gy aremotation
PLg%ﬁgh n%%h séegig§n§70Q1Q%Qh%%%%%?gggt §QM:§%¥§??zatlon

PL via a attern ater

In@@lﬁa@dw,sm%m Y saat b@npﬂzc@raysgpe@@l@@w PRGN optical
with a transm'tting nmenber that directly transmts

t heogpar gkl pbsbeaos . cdd oy ki rag tayafSpisi confaxguwr BH1) of the
of a plurality of small- |enses (mcrolenses) that are

di spgged vile anlaimayoarephgeakmyswan i2n aTpkanetation of the
orthogonal to the optical path. To be nore 25
spe?ﬁtfa}tcwfmae%l& éﬁsp%FF‘a’;?m% R¥ BArdreaynith Whpkrshown) under

mul ti uar e- shaped n1cro| nse avi ng equal side
| eridt s %%;g eﬁ?il S T 9 §%¥r|x arr angement .

I nci dent %J i 85918H%7%5§¥s gc%e' 5% gfgé'f%%albr?é ?mltted from

perform ng etching processing to a plane-para

gl assl Pt r Apti 1018 &7 9 BIdA IhrAaph el ns sy
emts an i mage-form ng beam of an inage via a pinhole

patdleraind opbeidgsurdthierh Pater k heospredca Atpaapent ng 19bdnation
of lrriark'lkti ?% ll?cgfodgeltector 95 canm 1 image. 1In thi
g P easure a pupi o] is
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 configqured of a plurality of small
lenses(microlenses)thataredisposedjjlanafrayarrangement
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



FIG 7 shows a nodel of an optical configuration of 5

pol ari zati on detection system99. As is shown in FIG

7, polarization detection system99 is equi pped . wth

a quarter wave plate 99A and a polarization beam

splitter 99B. Incidentally, pcbl ari zation beam

splitter 99B is originally uséd to branch a beaminto

two beanms in accordance with a 10 pol arization

di r26td 08  Hawe mi d b dh S Gasss a@pllafalgéaiﬂo%m@e@@am of an
splitter 99B operates to nmake only a polarization

conpaentvian aa msipeci ifd paditreact | (o pas slatstrdligl, landr) formed

therefore FIG 7 shows such an operation. In FIG 7,

quartt erramevey flat eof IO ki poladre Adt.i on beam splitter

99B are arrangZed rotatable 15 around col | i near

rotation RGNS Poff@ian Posint |°(Eﬁécé‘én copgiguration of

troll d b d f d
R R °<waf"%v”ver9éﬁ“l optogs W in 1. 7,

Ac SHLI rter
P R o

be @d}éﬁ;tl@c@»ggmlarhopcmtprdlarelrza%qom&%a%o Raraldesl 99p.

beans emtted fromcollimator optical system 92 pass

t hrioughderitartler, weole il Attel G0 Acand spaliardezatiosn iBeamiginally

splitter 99B. Photodetector 95 is configured of a

i girﬁte—dr dceibdanrh & eram (ther diwrafieemy gfreraep dangs avith a

95a nmade up of 25 a two-di nensional CCD or the

CaD )
1017 rolam 2 ten fe reciéant 9BpYevehr dd éhé?g‘@%?anﬁ’@fl@rrlzatlon
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ﬁ?é%%ﬂﬁﬁﬁﬁﬂ%?bk%% §§M ?ﬂﬁggeéggfﬁé%nﬁﬂkhggg qugkitherefore

|'i ghic r eceh v 8% W EACH O 28n a2 Bhafgs . Whi ghakSedMave plate
i mge-form ng plane on which an i nage of 't he pi nhol e

pat3% anfitwo ber desciobhéedamasel ) ttor B ate apemided ¥baatable

is formed again by each mcrolens of mcrolens
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 99Aenmipolarization
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



array 98, and is optically conjugate with the
formation plane 5 of opening 91a. In addition, the
light-receiving surface is |ocated on a pl ane
slightly deviated froma plane conjugate wth a pupi

pl ane of projection optical syg}en1PL when openi ng
section 97 is placed on the opt|cal pat h descri bed
above. 10 Main controller 20 includes the so-called

M ¢ QEIHARIL 6Fhi d1Or1 VK Stn@ d Do kg 1151 HNSdd tu@th B image
a CPU (Central Processing Unit), an internal nenory
sucht ashdRQM r{tiRelsl A e rrive s Ve aduks &AM € Ralnstost )Actessed at
Menory) , and the like, and the overall control of
ex ptirinappar atusf A0®ed sgaldl ineddnh tihecrgl @Ry of microlens
executing the program | oaded on the internal menor

RAMraY% e ﬁPijn]c‘-i ﬁlpélﬁalr}éﬂ ﬁ?Pi'éaaFFI"{}rﬁkhéﬂeoﬁopﬁﬁlon plane
can $e used exposur parat be bri ef |

tJ]_ S %0 w ¥f
“dest |°r§>ee<§”1‘%;x19 @reter Jto“'Fl 19BFGIeESLRolg At tace is
model - afe @ Jflx a%)l%%ebgtl ﬁlﬂl adevgblcee! g mz% &%ar& hconjugate

|Ilun1nat|on opti cal retlc

conponeny o 1 ﬁm&%f%&%é@%n%ﬁ%ﬂ%%&m PL, when

omtted |n the awi ng. a |line-and-space
patdgsmi nd heg et 1ad tET Teferaesi tan asharnpdd& paddter dgdscribed
having periodicity in the X-axis direction and an L/S
patalerye having periodicity in the Y-axis direction
are assuned to be formed 25 on reticle R FIG 8

10shows a $tittecqnerelafndbinrlrdaeidis 6A- sﬁé#fserr@crocomputer

t 6A | t t t t t

; °B<rracvé08rksofna¢%“oer92p@?a€t; S PG R b frgneral

IL t | ] 0, Fasih

T e R m@Psﬁ 51 1oh Bead only

S etiferdb PP %HdzﬁkMODRéjﬂmdi@rﬁtplc‘H%s@ Meln%ﬁ ,bgla@dﬁe as xkheand the
av

H pol arized light (a polarized |ight ing a
polare zall aordincdcbifoaxpasthe appd dstds rlext iiegnyeandzed by the
15 CPU executing the program loaded on the internal memoryﬁ (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 a model of a relation between
a pupil plane of illumination optical system 12 and reticle
20 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
25 on reticle R.
FIG. 8 shows a state where annular illumination aperture
stop 6A of illumination system aperture stop plate 6 is placed

on theoptical pathof illumination light IL under instructions

of main controller 20. Further, it is assumed that
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pol ari zati on conversi on nmenber 3A of polarization

conversion 5 unit 3 is placed on the optical path of

| aser beam LB. Wth this arrangenent, the

pol ari zation direction of illumnnation Ilight IL that

passes through annular illumnajjon aperture stop 6A

is defined so as to be a circunferential direction of

a circle having optical axis AX as the center, as is

shoywil dfh 1t FrGcoht rBluanikl 2 ettt polbhirgbhtibnemi®esStion of
reticle Rat a predeterm ned angle inclined from an

i nciademt bapyllB 4sdde H Ipe legritzed 1 Tdlet Valpml of i m@déight having
the incident angle ~ is proportional to a distance

f r oin Pt Tt 2 BdQR ¢9€Qﬁt4QﬂLﬂﬁrﬁﬁﬁ(%Takﬂﬁ|Q%ﬂe@%kﬂﬂﬂnand

12 to, the center position of an nul ar openin
se&?Wi%?%?%&P?@FrﬁéP&?%%b?BaﬁéOénpe’]a%ﬁh?% i35 conversion

T a7 ot Brsed ohi i SRatSTs nellumty el pepm e Wit

a C&Hfé“&fr%ra%@te'n%lntd' Eﬁétﬁ@lrhrlogaﬂl% annul-an oﬂrgf" {9 umination

the pupil plane of the i'llumnation optlca system

i |1 ugmationedd ghdadde Pagomsgran s arizeshizdidightaperture
with respect to reticle Ras is shown in FIG 8. The

S potepi@edd ighitined t4n sacase s tdiercante meeanialg dsection
the S polarized |ight generally defined in the

opt?e S, canglei hav&ag exptl ol @quzseaxwgmhwe@ﬁer, as is shown
polarlzatlon direction_is, perpendicular to a

0 ndfbcﬁ% 2 praaagat FH&UB‘FPQE%PBnl%thIPI‘F%Wﬁ%ltlfeowde R at
I'i ght nd a, nor i ne espect to 4§§'Cle R.

Ve PRI RIS [T e W b e e T T aiEn g 1e ¢ as
or'éﬁ%zﬁéﬁ¥k ' n%%%e@%l%%g%% Sl%%do%h%h%0|% 1%%%Iogngle ¢ is

econes possible ™to i nprove contrast

t hep }ddeer tof oram. tb@gesaén&s&ﬂ@&&@@iéﬂ AxPkOe6ked Mirdination
projection optical 30 systemPL. Incidentally, the

r eazoni sl diystleosed timtKekant ) gpanédenUnexanamedlar opening
Pat ent Appllcatlon Publ i cation) No. 06-053120, the
15pariftttetOmbf (henerimt i onaie st dtd ot Nt \gpnular area’).

Inthe 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 tﬁis 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. WhenreticleRis 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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2004/ 051717, the corresponding U.S. Patent Application

No. 5 11/140,103 and the like. As long as the nationa

laws in designated states (or elected states), to

which this international application is applied,

permt, the above disclosures gf the publication, the

Pamphlet, and the U S. Patent plication are

i ncorporated herein by reference. 10 Further, in the

enhoel tentpL al sedikiehte1035€ taieadicldRone i sl ldigd@1Rakidonn Kokai

aperture stop 6B of illumnation system aperture stop

pl atEaareask bl eardziate e aonve ridmin aerdbet B ofcation) No.

pol ari zati on conversion unit 3 are placed on optica

axi%57©631%ﬁﬁuﬁbaaP@mp@ﬂEZapfoﬁngeaneté@naﬂIHubhé¢$bhon No. WO
s a 15 circunferential direction of a circle

)5% Yol bhs R rePHE et of - &2 iansHgw figrtion No.

5 ﬁclﬁ L T DG s on i e ggedte fatappa1d Lavs in
surJeasclegrPJth detdcl& R dg“eclhecr@é@ ﬂgteo SSibl Sytfn this
e cont 0 a mage

| Nprove r ast attern nage on an

p|@H&eﬁﬁbﬂﬁﬁﬂalQﬁ%%ﬂﬁé%f&ﬁ”fﬁ'éﬂﬁifﬁdeﬁﬂg§Mﬂ§ th b
apparatus 100 in ‘the enbodi nent be “descri bed © apove

acmﬁmumélmmwt@bncﬁl(ﬁ, Q:H:GD HedngHiadt ,Show the U.S.
sinplified processing algorithnms of nmain controller
20,Pafifirite Amflerdd tigprt ot hevc alrzon aigesd Wiere imegededk ference.
InC|dentaIIy, in this case, the description will be 25

nade on e ASSunphi o dé%ﬁ@§urél§P i ftihesgasqypradrupole
er. Whas been al read t.ed .and exposure of
ec Y CUbaBAEEHE S| Sy ST 1L GETH e chbay Sem Fperture
'”%tﬂ%‘ﬁ Itgea|6 %ﬁla%gtlt&? & d&@élﬁﬁé{%eor 3B of

i nsi property ~nmeasurenent appar a

t()ﬂ&ﬂéﬂﬂﬂétj&ﬂp%gﬂv%QsQ%n|QHPEQﬁar%lpl£§easn§G9Wch@ axis AX,
FIG 9, first of all, in step 102, subroutine

pr cCiessd 1y mﬂa)mza:talorprsotpasm Yo fireiaislureirentidrs light IL is a

performed. In subroutine 102, first, in step 122 in

FI Girgumferential 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 polarization with 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 embodimeﬁt will be described according to flowcharts in
FIGS. 9 to 12 that show simplified processing algorithms of
maih 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 90 is to be small enough to be ignored.



an illumnation condition for perform ng optica
property 5 nmeasurenent is set. Specifically, main
controller 20 sets the polarization of |aser beam LB
to the H polarization in polarization control unit 2,
rotates illum nation system apy rture stop plate 6 by
driving drive unit 7, and place conventi ona

illum nation aperture stop 6D on the optical path 10

of illummationHdughtin leTA 90, MBIt e@ntaall en 2Qep 102,
rotates polarization conversion unit 3 by dr|V|ng

drisndnmitirk gbcqd sices apeptigsegiape Y aeddirement is
optical path of |aser beam LB. Wth this operation,

i || freatniesh t drr eubrbet byl Ghe ficonvenniorg 122 in FIG. 10,
aperture stop can be nmade in exposure apparatus 15

10030 |W%WJ§%§§1 @I AON fefe HOTTATANMIG MIRT ifuFigoperty

Dl S 5 B B Shef LR oo e
h t t RST. .
Z &%?F% e‘% (né%gggﬁgﬂn ﬁf-é %égfggm%kﬁﬁﬁ%% ned 0

pr e;f@lrﬁtlozra\/‘cflﬁ‘?rcﬂ;ﬂ%l Uit 220 Qed'gaod'éEEQllq}nlnatlon system
measurenent reticle RI, as is shown in FIG

pl LH;féﬁﬂlMeofstmp’lhﬂlaﬁ:d)éﬂ ey nﬁrj(\}1md:|c§1xﬂé3,ur&>tll7:,3%rﬁf places
pi nhole patterns PHn (n=1 to 33) ) are arranged in a

nmatgany entriamgenehl umhagt agnagow wia etdp @D andh@ optical path
colum direction in the X-axis 25 direction and in the

10v- B8 & 1diFEeEoeTT ddpddt ilbel yR19Rr dnaiateontimller 20 rotates
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eSS e Tl o @W%W Wi ¢
Wi t;ﬁar&esa% 83 %\éICI%QO% %' 28 OEh <§ %:Ecg’fogp‘% fSer beam
it 'umnation ar that * 1 § i ndi cat et T

inid.G wldn %glslBpEQb%1%%3eul@ﬁm&h%t@%ﬁdgbeEngQQe R by the
preparatory operations, defection of a relative

posidrivem toforEaspeereie stepicde imbaepi 0] @ddNire apparatus
optical system PL, baseline
100. In this case, a pupil image formed within a pupll 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 PHi; are formed within
an area having a size of a slit-shaped illumination area that

is indicated by a dotted line in FIG. 13.



measur enent of alignnment detection system AS and the

like are 5 perfornmed. That is, using a reticle

al i gnnent system (not shown) , a position relationis
detected between a pair of first fiducial marks

formed on a fiducial mark platgx£not shown) on wafer

stage WST and i mages of reticlealignnment marks, which
correspond to the f irst f iducial marks, on

measur enent dretd dasdl0 BT e i adindh@Ptdredaratory
system PL. The detection of the position relation is
perdoenedioms a ditade Wrerof reretheistages i REInict masathrement
to a position at which the area indicated by a dotted

| i neeobc heaRTirepreproietti toe ®tigaFlgystgn PL, baseline
substantially coincides with the illumnation area _
desB?F DREEPFRViIGusly INTSNRIG E e By G vIvAG Saferanst 5§8 1ike are
WST _a predetermined .di stance within .the_ XY plane, a
posTTTBRETEr at { G Wilth PESgEct 16 iid dEragiTight system (not

Cenéﬁ%wr?f %';5?9{‘1?{‘5 ‘}%tlg(&ti'ogni§§§§:g@té§ Bétv?&ér?&k%%r of first
and the ' baseline of “al i gnment detection system i's
neasid ech DLk ONrd Aked W50 MHHENE PO A Phate (not shown)
rel ati ons and the neasurenent 20 val ues of
I ntet fvarferes v ge ¥8Tant 1Bagestde rektrel efa dejreeiith@arks, which
the respective position relations. In the next step,
st epo USSP P @ itol B farsayf 981452 binackd, wnmeptiicahent reticle
axis AX1l by rotating optical systemunit 93 of _
10gptREaliprivpeie§t heasek ehent wpperhtis- ofhexgietgcgion of the
next ste step.128, .a posjition, relation between :
ot P25t LT Bt Mt B en S drat (i SOFREnERCole Stage
waf S d f.er. stage [ ed. ./
parﬁ%uﬁ%?‘%&e\éﬁﬁyoage \S%ﬁt%ilg I?)grr"oq%%a 3%?2?%% a%édj\l\/@éﬁed by a
eacd Psd 10RO n a Mdlentt 28€1 00A DAt SYSt M tantially
at | east two two-dinmensional 33 position nmarks 91b on
mar&o g pdlet ew Btih of heopt 1 oahi nprtoiper tarearebsurerient previously.
apparatus 90 is detected using alignment detection
15sy Nent ABY BEsE BALehe thateel T eroredeii ¢ snibfed féstance within

w

the XY plane, a position relation with respect to the detection
center of alignment detection system AS is detected, and the
baseline of alignment detection system AS is measured based
on the foregoing two position relations and the measurement

20 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 AX1 by rotating optical system unit 93 of
optical property measurement apparatus 90.

25 : 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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positions, a position relation between opening 91a of

marking 5 plate 91 of optical property neasurenent

apparatus 90 and wafer stage WST is accurately

obt ai ned using a predeterm ned statistica

conmput ati on such as the Ieast-gﬂyares nmet hod. As a
consequence, based on position i nformation (velocity

i nformati on) output fromwafer interferoneter 18, 10

t hepoo-thasi kNI 0PI Nk Sdid L L N acc WAt cal property
detected. Al so, a position of opening 91a can be set

at reeadpsiemetht XAegEasE tu o M i dpooet tprae ai ssiirom, a hiygynment
controlling the position of wafer stage WST based on

t helefe et qrore wsds ASf BReedxynpbkétdereanton eesults of the

basel i ne. neasured previously. 15 In the next, step, .
st & 30} 0P 1 PIROBF “hal Kisg Pioat BSOTe SR BER Pxpéde ebmarking

a plane he. XY:-pl.ane)_ perpendi cul ar to optical S

A 810, S PRl PRt st At Pl e Biped tua g water
th iwgﬁ ts focal, pasifi - tion syst :
22)656.‘%%%1 t gsnext srt ep, }}st%%%e?&b%&}oﬁsuaztﬁggé%ﬁwtned

of safiersstage 2PEE hased o the dRaswanen qUA8M thethod.
of the tilt of marking plate 91, a tilt of the upper
surface afs markinsg queaice ,9based madedsd tG@IMNGIrd® rtiatth on
atilt of an imge plane (or an approxinmate plane of

t hel ieveryel t dmd)o rofa tgrooy))ectitprtoprovavafeysimm Plerdteter 18,
In the next step, step 134, wafer stage WST is noved :
so thhat RsitiPro R GPSTEME iy 3l e 3L asfcwmticdal detected.
praoperty . neasyr.enent_ apparatus, 90 coincides with a, |
da%glrﬁoﬁeéisﬁoe%%ﬁon 5 ncg)e?r}%qgneg]fai &1 0t pio] ettt ipifiesired
opts AV Sit P le, a ( . _ROi L
oD SYSUAIL Ly, L0 XA £r0n 8 PASHERESAL AL cosicion
at o pesidd et RN Pt idle AXIrS . t XA LUHUARH &Mt of the

pi nhole pattern PHL7 with respect to projection
opticalossiysiteemaPld ahe shemml dimre Rdasukd:d Widvidisly.
operation, optical axis AX of
In the next step, step 130, a tilt of marking plate 91
with respect to a plane (the XY-plane) perpendicular to optical
axis AX of projection optical system PL is measured, using
the multipoint focal position detection system (21, 22). In
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 9la 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



optical systens to be examned (illum nation optica

system 5 12 and projection optical system PL) becones
coincident wwth optical axis AX1L of optical property

measur enent apparatus 90. In the next step, step 136,

a polarization state of illumsation light IL is set,.
Specifically, main controller 10 20 adjusts a

pol ari zation direction of |aser beam LB by rotating

t hedialtf awaveo pi @i enafor bet 1 ke aixi spRX Alclozdluig@fte with pinhole
control unit 2. In this case, a rotation amount of the

haldat teave Ppliatws tits radipgsttetdosprohactidhurpinatabrsystem PL as
light IL becones the H polarized light. 15 In the
nex@trepn Stiép 1138, HAtpERAEl opepasienencphipest axis AX of
focus po%ntlon r stage T IS searched, based

) of mag
T G YEEEES| FOLPEhEE AT S e hel § et it reips 160 L system
5t h%hét E%%e%rSIEeBJcE_‘QR' eptPPéé 'S0 P'%bPESb’r&?go again,.on the. Lien

-rec SUI' ace O each mcro ens

consyd ft i %9(1@ ahal s o%Ql%rarlaﬁr%%er-E@/e e8GR ment agparatus

processing wll be specifically escri bed bel ow.

optdccal arrangenent when perform ng the search of the
optimal Z position, which is devel oped al ong opti cal

axi s AXIroftheptiecal spreppestypmedsyr empoflaapparabos s@@te of
and optical 25 axis AX of projection optical system

PL, 1@ dm LEpGE 14A s sk -t hePept feadlby r ageneantroller

sha n FIG 14A,. when main controller 20 nmkes
101 gfmqaéjd f S0 Fe o8 S BseAha O fad@ ser Peam L3 by

il atlo ht, JL is emtted fr n1|IIun1na . .
optrl%cm ln%r{t %lefl e’ 9 i Z}Enatt (ﬂrl ut% natl onJ1 | @? aIrLl)Zatlon
th%orfter%clh%%l%52 p'ﬂtﬂor!l%.sp%ta %rn P%Zagioﬁeﬁ&ﬁm the half

reticle RT is emtted from plnhole pattern PHl7 as
sphericCcah avaves ddpnstédesd ikght E$1uRONEAENsedl 8dht IL becomes

openi ng 91a of marking plate 91 of optica
the H polarized light.

15 In the next step, step 138, an optimal Z position (a best
focus position) of wafer stage WST is searched, based on
imaging data IMDl that is the imaging resulté of the image
of pinhole pattern PHi; formed again on the light-receiving
surface of CCD 95a by each microlens constituting microlens

20 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

25 axis RAX of projection optical system PL, is shown in FIG. 14A.
In the optical arrangement shown in FIG. 14A, when main
controller 20 makes light source 1 oscillate laser beam LB

and illumination light IL is emitted fromillumination optical

system 12, the light (illumination light IL) that reaches



property neasurenent apparatus 90 after passing

through 5 projection optical system PL. Incidentally,

the light passing through pinhole patterns PHL to

PH16, and PH18 to PH33 other than pinhole pattern PH

17 does not reach opening 9l1a. ,.The wavefront of the

i ght condensed at opening 91a 1n the nmanner

descri bed above (the beam of the imge of pinhole 10
patgiario IRHPE therAerH j,NSf R aepakinkeht9tat 081 e her surémteted from
of marking plate 91) beconmes a rough sphere including
wavEifrtonte palierrat PEN; e propeet ionl optvecal Tagst enh®Llight is
The |ight passing through opening 91a is converted by
coldanfasrebpt cnesyyy e mar lpdralpldt e famptical
enters 15 microlens array 98. Each microlens (refer

to Hﬁ%@erltzP’A)m?ﬁSL}ﬁedﬁ‘etherﬁy%ﬁl?aa‘&P%@Q Gt TarPa $igy gihrough

pi nhol.e pattern PHL7 which s heen for inside. . .
50péﬁfﬁf%;ﬁfQNPQQﬁf%ﬁn%%ﬁﬁf%ﬁﬁﬁhrEpﬁddeﬁFgﬁgyglihgnléﬁ“t

opt. | ' te. LN l.at 91,..th
optical iy, ¢oni e Eﬁ@'lu?{iﬁeﬁ%itg%t%ls Bu Pl 31{16, nid ?hégoto PH33

is, the i magl n -receltving surrace

of (Z¢RPOFharAeEohdilRIbY:ternt b ;’Hrraeleegn@taf@a&ﬁ SFfdAing 91a.
95a, spot inmages (inmages of pinhole pattern PHL7)

whitHe arasngemento Andthe rivindier coideaspahcit ogdrosey &fla in the
m crol enses constituting mcrolens array 98 are

f oriaEh e ICCS V53l e ¢ ke aye t Hehes gotan mefgeshe figragal oh pinhole
the i magi ng pl ane (the light-receiving surface). 25 _
10 rrébaltrﬁgerdhgﬁlﬂ MrnebLaisies ererHed filakap the e ampof garking

transmtt to main controller 20. Then, ile

St aht i G e T TP AR A T e Sopt

waf - rd ; 1 24, o dBgin VD1 s
I(ﬁﬁﬁﬁfgéggigi%ﬁfﬁéﬁ?ﬁéﬁ?e@<¥%ag|ﬁbqﬁgﬁég?ﬁ%?, t he :
optimal 36 Zip®si bherial wAkelLgst 8genYd 65a Searchffbrted by

by locating a position in the Z-axis direction where,
f orcaeXlaime ey r cgritircadt sgfstepot2 inagesaislatl nedmsumnd enters
15 microlens array 98. Each microlens (refer to FIG. 14A) of
microlens array 98 forms an image of pinhole pattern PHi7, which
has been formed inside opening 9l1a 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)
20 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 95apicks up the spot images
formed on the imaging plane (the light-receiving surface).
25 Imaging data IMDl obtained by the pickup of CCD 95a 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 IMD1

is loaded. Based on the loaded imaging data IMD1, the optimal



In the next step, step 140, polarization detection 5
system 99 is placed on optical axis AX1 of

illTumnation light |IL by rotating optical systemunit

93, and in step 142, a polarization state of

illumnation light IL is neasurgd. The detection

nmet hod of a polarization state of illum nation |ight

IL will be described below. 10 As is shown in FIG 7,

a t7 poshiidhng wifenttatigeriel i spod ardizat bon deeamng a position
splitter 99B is to coincide with the X axis. In this

st dire thquaraei swéivee pt b0 g4 d s flogt akedplZhecontadsomt spot
amount is expressed by 9 using the X axis as a datum
In#ﬂﬁ%?sé%%@timﬂ¥kﬂ%ﬂter wave plate can be rotated

within a_range 15 of Q degree < < 36Q degrees,
CCD 95a r&céi e§eXFI§ﬁFﬁatﬁ5ﬁp ﬂaﬁhtpp v P&lPPngeteCtlon

5qual secremV\@Yae gl alt q,gr om E’fﬁ%?i §/A§1. BEES tuerrrlirpl e1don light

rotation ang -recerving resu

a il t I ht A
20,3 g 2 lod Ut Ul 47 s 20,

polpyliazatan heaput s f tlthmmaaattlb@nﬁ@mﬁ TISigiv&s¥ed. The
the follow ng equation. [Equation 1]

| ( YetEN(t2-voos2hod sFae geiArdvatdasi aSst@of illumination light
29+si n2acos2Ssin49) (1) 25 In this case, 10 is the
averlage 1df b9 glesamitmssingloat. all angles, a is a
tangent of an anplityde between the X axis and the Y

0axis in ffe1CasEN dRi fdG-or /| gkt ansrits tigdperagntation of

eII| lari zed. l.i gh and is.a
di fF? er ergi?éa eotrp\;\éeam S elltﬁeg%lgr’ngcl“f’/et@t S?Im\f\ggghmth the X axis.

oscid { gt L Qn i eghl PPSY i3 il P | D@loin0f, %étalt'eg_ht tie rotation

are the X-axis direction an e Y-axis direction.

FI Gmolfn ts heWsx g £xadMH & e%sﬂ?@@saﬂeeaeak;g esdllat 8a@fimt hern this
intensity of illumnation Iight IL obtained by

r otc@tsieng thquarreTt awave vl gtlet@OAanl et hroterdeodiwigmtin a range
CCD 95a receives
15 of 0 degree <6 <360 degrees, and CCD 95a receives 1llum1natlon
light IL every time quarter 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.
20 Intensity I(®) of the light that polarization beam

splitter 99B transmits is given by the following equation.

[Equation 1]

1(0) =1, (2 + cos2a + cos2a cos46 —2sin 2asind sin 26 + sin 2 c0s 24 sin 49) (1)

25 Inthiscase, I;is the average of light intensity at all angles,
o is a tangent of an amplitude between the X axis and the Y
axXis in the case illumination light IL is tobe anelliptically
polarized light, and 8 is a phase difference between two

electric vectors which oscillation directions in illumination



5 illumnation light IL, the light-receiving results
are sent to main controller 20, and the |ight
intensity change with respect to a rotation anmount A
as shown in FIG 15 is neasured. Thus, main
controller 20 conputes Stokes par amet er s SO, S1, 2
and S3 by perform ng fast Fourier transform (FFT),
nore 10 specifically, conputing the follow ng

equatdion. 1] Baeatinenx2hx1s286rebt 268 dnd 1256 GOS8 LAirection.

=->1, cos 2B, . (2) 15 12870 1 256 sin

2acos8l 0 FI 18 BRBws dR2&Exampllen dfhinsacasemeht t&sults of the
light intensity neasured at rotation anount O From

t hel ietoampit e i @h ¥lelsutirsat i nligdit r1d) |t 2oesbiputetating

20 Stokes paraneters Si to S3 of Stokes paraneters SO, ,
S1,98F tehyags Bhaws P ARt helF SicofirRgdénanty orCD 95a receives

[ Equat i on 3], SO .=
563 =

= 1, = 2 S2 = sin 2 S,
i gt Ta) 58 TP bioRear | i n & BRebits are sent

arairet er ' re, p Q[Tq% that . _ar : -
ﬁor mal |a§LenZI Co%nm% Oels‘ges]gufrpp’tiaa:)n t h:e{ Slétdgﬁc irffehs it erCh§8ge with
i's requalt 8 HR8tEE0tH) amd th BE JReXf oot &Ry F8E €R 5184 measured.
mai n controller 20 judges whether or not illum nation

|'i gifud L resid R@nrpaliamr 2edcbinghit es 38t o bas gsh eindthers S0, S1,
conput ed val ues of Stokes paraneters Si to S3. Wen

t hé83 wrdyhdit b e ffiomeidg tiees thrisoediare threosdeds t(dFFT) , more
step 152 in FIG 11. On the other hand, in the case

es parane

1Otrm§3?ﬁkﬁﬁﬁﬂllY' computing the following equation.
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[Equation 2]

1 256

I, =—531
o 256%'

256
cos2a-lo=%21,cos26’, > -+(2)
i=0

256

1
sin2a-cosd-I, =——> I.sin28
0 128§ ; '

In this case, I; is light intensity measured at rotation amount
Oi. 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,S1=cos2ua,S2 =sin2a -c0s8,S3 =sin2a. - sin & --(3)

Incidentally, Stokes parameters S1 to S3 are parameters that
are normalized on the assumption that Stokes parameter SO is
equal to one (S0=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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in step 144 is denied, the procedure proceeds to step
146, 5 in which the polarization state of illum nation

ght IL is adjusted by adjusting polarization

control unit 2 based on the conmputed val ues of Stokes
paraneters Si to S3. For exanplg, in the case

lum nation light IL has strong elliptic polarized

nature, a polarizer within polarization control unit 2
i s b eatljonstee somphatdi Fhunkpabt opt bkghtpd tathecoresa to S3.

nearly polarized light. In the case illumnation
dgitenl Lhesjadghémeard gfpokrmedz eth¢ ipghticeoutret heoceeds to step

pol ari zation direction is deviated fromthe X-axis

di rlect ilonFIg-r blat iOh tdifo@tthest heRd, hal theesas pltdie judgment
B R ! B ST e 106,
o St ey S5 831a 19k sy, DEERMat TEY RO SR e xx s
LB LD SIMTEIL D SRS 2 pased on

e tbmpst adiwiStiRE o2& tidkes! $Pr IAE: BYs shOFo %aNPESY example,

performng rotation adjustnment of the half wave plate

or itrhehguarskei 1 Wwavengt ade ldghpollahkzattiramg €0bipolic polarized
unit 2, or the like, and then the procedure returns

t o ttelrer4 2 rech nive prvoddsigi my feorl aadaisuy iqupttded unit 2 is
pol ari zation state of illuni nation Ii8$t IL as

L pagpess a linearly

ent,ual | um nat i. | L.be

, - ' Li.ght . .
t hEH3FEN ?é@qq'gh#¥ kkFeFaFFI&Eﬁﬁgbﬁ8ﬁlppgﬁfgﬁgn?§ 1s @
dj t H | ' [ td.n._thy. . .
i g6 0, o) B B Wt con 1

pl

aeed s0Rr Optbeat haxt Sa AN Dwrdatiadd NG 38taePbhCRhount of the

systemunit 93. In the next step, step 154, a val ue

of

ha ldovavem Iir chei ehnafgera riefseried cbatas lain coni €radjusted

value n') is initialized to one.

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, pérforming rotation adjustment
ofthehalfwaveplatecn:thequartérwaveplateofp@larization
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 bperations, 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



In step 156, optical property neasurenent apparatus 90

5 1is noved to the nth (the first in this case)

nmeasurenent point. That is, wafer stage WST i s noved

so that opening 91a of marking plate 91 of optical

property measurenment apparatus 20 coincides with the
measurenent point at a position. conjugate wth the

nth pinhole pattern PHh with respect to projection 10
optomal caly styerheRl unlin BAe nExttist e xtssepplSBtepupbd, a value
I mage neasurenent is perforned. FIG 14B shows a

st stle dfcamdgzupi I(heradaafreasueérened P8 ¢S shweunter value
FIG, 14B, in this state, since opening section 97 is

pl dteld oh - bticed Watof 15 illum nation Iight

IL, the rall el ans_via collimator tical system

I I
92 directly Séﬁ?e}ggcﬁ%aafl PR CEER&Y %ggg,rem@:&% paratus 90

scan; be regarded t gebe, placed at a pos ic.taisglr)] &Qg%lg?h%fnt point.
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with the pupi| plane of projection optical sys

andriead 1 st egef e st hgeheam s aldvesPepdinie b8chhB8gPURI bf marking
i mge on the pupil 20 plane. Therefore, in thisS case,

i maglatge dat o ff M ifa ICGD @fart  Sndademand hasedons 90

i magi ng date I MD2, the center position and size of

t hecpupiidesmaigeh chetheasurensit yadirst pichatpeni t iofn tdvemjugate

pupi | images are/is detected. Then, the detection . _

resttt’s Wi St oP&UNPhe aPAERDFY. P56 With Hesmeat dteprojection
160,, the j is made of whether or not the

d
Zhsc%tli%]gesynse_egﬁ%;[ﬁgtnt_ is conpleted at all
s om) 3 B o g8 e e L SR e 1

value n’is equal to or greater tha

N (N3 dned hi $1ccaseh AhdkBi & skage, o$i Ree BObY 1t Rfage

pupi | i mage neasurenment 40 at the first measurenent
poindaendsyertthe pedgeentoivh sheprd6014R s deniteis sk, since
the procedure proceeds to step 162, in which counter
valaReTH NS Jafdrieterit ed Dy lored amd thte qutdesdumath 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
receive 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 IMD2, 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



returns to step 156. 5 Afterward, until the judgnent
in step 160 is affirmed, the processing and judgnent
of a | oop of steps 156-*158->160->162 are repeated.
Wth these operations, the pupil inmage neasurenent is
performed at the 2nd to 33rd surenment points
within the field of projection optical 10 system PL,
that is, at the measurenment points at the positions

cor‘awg@teefmgh righ S of endrat Ry Bhlasi;oul?érl?g%dgntéht in step 160
respect to projection optical systemPL, and the
centedepadsdt. i chhand tdiezprookdtihe ypugpidedsagesvem lé2chin which
of pinhole patterns PH2 to PH33, or the intensity

di sTQUIHIRY o bofe tthel pupidremenjesd dre/éne 1 Hdrpe egrocedure
and stored in a nenDr . Then, when the pupil inmage
nmed<tEmhttats @R 1 Heasur enent points is conpleted,

the proc ro eed ste 164 mhlch unt e
Svaruo n e B .%&3 ifotBhe) AT HE Hexto0t AB0 L1 g firmed,
16 C 2 tica
aX|6tsh A)E?{ng rot | ng o:ﬁ‘t‘ gyésa?em%o&?a%g %Fﬁé;n in
st ef’iél-ﬁg’58o—9i5§—)ll@2'%qeé'tr3é [ enRnt LappaLatyse A 5 , th
is nmoved to the nth (the fFEE?%ﬁh this case§ ope tons, the
e gsu Eleitia poinka suddmdnt sis ved ef o stageat\BThd s2oved3 3™
so that opening 91a of marking plate 91 of optica
pr opRE UL eTRESU rEmvENt S apibar bt usheOf RElEeod hopdepeati tdn optical
t he nmeasurenment point at a position conjugate wth

10¢ hesifﬁtr?r‘blPFrho’Fféabdtstreﬁﬁ P NGREH TEBSPECRORE D S] BREiRP1Itions

PP SO O Sb PR O St orin T S i, respect to
: na@%'gejgé@c;]oorpgpaﬁcaﬁ §f§£é1§%Lou£nd}rl?laet céﬁtek%ogftrlsbtn and size

spot~ 1 mages fornme
i g:hﬁ 'trl'ﬁé:%ﬂu\ﬁlrlg 1$f\lérgfea%aogag§Dog5ﬁlpMoﬂbN%l{:gélﬁn@rﬂsf@zy to PHas,

98 is picked up, and its inaging data I i s | oaded
or the intensity distribution of the pupil images are/is
15 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

20 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 91 of optical property measurement apparatus 90

25 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



In
on

the next step, step 174, the position information
5 each spot inmage is read out fromthe nenory, and

the wavefront aberration of projection optical system

PL related to the light via the nth (the first in

this case) pinhole pattern PHL pf neasurenent reticle

RT is conputed in the manner that will be descri bed

| ater. 10 The reason why the wavefront aberration can

be heasfitedt, fioztde POS) tadh spdorimidod foride spothe
image is that the wavefront of the light incident on

m ckiodebhsrece byl 98 seriaed l&ctCed Byat hg mavebtens array 98 is
aberration of projection optical system PL when

pi CRIPECUPIR herRPottF nfRI1NS datdt HEPL wor dsoaddén

e cal *SER BB edier A Dk, bRERRE TS iRasprormacion o
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line in

i S case, € waveftont o

li ghite b it dob r O RS0l eBE  REE ) 28 diSpRihageRal o £fe 1ight

the optical axis, and 20 the spot i'mage that has the
centef e thf€ i(oher seebtoNnPoOhnt c@bel hgiARbiEabaBKESN PH; of

of

each mcrolens of mcrolens array 98 wth the

I merge g peragret of e CCCH O3’ | s favmmedc exh irheche manner that will
Iight-receivin? surface of CCD 95a. Meanwhil e, when

t he?® desci
system P

L, a 25
or t hogonai® §S65P cHRY talG WakKE F OBkt picionesOT @ Pedreasured

rbmtemberration in projection optical
wavef ront WF' does not becone a pl ane

surf%&# Viqggﬁﬂfﬁgq%|0£%§%¥g¥ %%W%8e2§8§§i£%g8eo{s that the

wave

ron ane, as sno

doupl s fashed, # i e | i FL G 5 dded ) DI CASEand r@J:J:ag% 98 is

wavefront of the light incident on mcrol ens array
is téfl@theddy amd WACeEpOhti ABEErhBabnhas $he; &M &K optical

at

a point deviated a distance corresponding to the

til3egteamtintwiempidieing nierseectsoot poiage of t he
15optical axis of each mcrolens with,

In other words, when there is nc wavefront aberration
in projection optical system PL, a wavefront WF becomes a plane
orthogonal to optical axis AX1l as shown by a dotted line in
FIG. 14A. 1In 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 afray 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 WE’ does not become a plane orthogonal to optical
axis AX1l, 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. In this case, the

wavefront of the light incident onmicrolens array 98 is tilted,



the light-receiving surface of CCD 95a is forned on

the 5 light-receiving surface of CCD 95a. Accordingly,

in step 174, the wavefront aberration of projection

optical systemPL related to the light via the nth

pi nhol e pattern PHn of neasurengnt reticle RT is

conputed, by obtaining a coefficient of a Zernike

pol ynom al fromthe 10 difference (the position error)

betmpen Hdesgosi indye afhfadtths P ddmge expected herviated

there is no wavefront aberration (the intersection

poimtd'nétetxtree ot s pendisnoft eadie niicrtcd dersnonrtth fidwe the

i magi ng plane of CCD 95a) and the detected position of

eacwtswewrmpowtmm OPtAEaposkis oif 6RCBABICEPLENS with
%g Sjegect ed when there_ is no vvavefront aberratijon

COI §

g%ﬂ??%"l@%t%%‘?&ﬁ&ﬁ% i thhef%"ﬁ‘t‘?dcé?n the
I f 98 th th
%%%iri‘%’w#fgf’iq‘jrs?%%%é’%% L& oni v in the | deal
Case wher C;CBH% eﬁ't ncl %\E' gt 9@ 'Ehgowixpgfp@rliﬂ C<36Her ation of

axi s of the 1nci optical axis AXL an
5P & fordGptriatal )éy@'tteﬁ()gﬁnﬁélat-réﬂlf’bo kRet DEght via the n®
enbodi ment, when conputing the above position error,
basethhore d:attaemm PHg dfi gbkssoemeati neigec (4 IRT mesctdsmpnmted, by
information on the light source image such as the
cemletaposiqidrcentf 1tiee?s &f z2)Zennike rROFYEIpiondifigem the
measur enent p0| nt stored in the nenory, the position
100t dhktrx SpHEci ﬁé’@epéiﬁéépéde%%ﬁ thP?é?‘“éeeI} $hgoposition of each
wavefront aberrati.on dat um pasition _us
o5 \Bent AR g

a dSeQ/?tatlf“S‘r?ea%%%‘f SR YSRGS rroé%tp%???g%%ﬂzon (the
cor,ect £ ' E%e&‘?é“l:?gtkl%ta‘ﬁ'egﬁléllﬁf detechebrolens with
p03|t| on 43 eac spot gé and each datum

posité %&@Irﬂ@%ﬂi—lé Sof carpui . W4 heHdigepalad ibition of
the error of the datum position of each spot inage
wherredhesmot simmgevavef r ont
15 However, the position of each spot image expected when
there is no wavefront aberration coincides with the
intersection point of the optical axls 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
20 the optical axis of the incident light and optical axis AX1
and CCD 95a are accurately orthogonal. Thus, in the
embodiment, when computing the above position error, bésed
on data on the light source image (the position information
on the light source image such as the center position and the
25 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



aberration, which is caused by the deviation in the
optical 5 axis of the light incident on optica
property neasurenent apparatus 90, can be cancell ed,
and the wavefront aberration can be obtained with

hi gher precision. Referring bagk to FIG 11, in the
next step, step 176, the judgnent is made of whet her

or

not neasurenent of wavefront 10 aberration at al

measilresentsgudi ninmges agwip aatredidiyun ydbgd iMgL ovheddrereadred 1is
not counter value n is equal to or greater than the

t oteAmawhfser NitR=E8Bisnopkirgtéase) theaerepirs oft 4§, datum
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61is afflrned e processing o

%ﬁpa‘]i@agcu"'slz)@ 142n d -1k, 8 an'dstﬁglfl@@&t@ﬂrorw tdberration

t hese operatlons t he wavefront aberration

measin enerdbtiasi rpet fuartte chiaghd hep 2o 4i0or83r d
measurenent points within the field of the projection

optical SedieemiPlg belkdt toi EIGatllhemeasunentnstepi msep 176,
at the positions conjugate with pinhole patterns PH2

to tFkl%3u9xB{“ﬁnFé§p@€fiet%f ﬁP@FE@FI%HBBtHie@aEIureéWteﬁf plavefront
d.th f b t | at th

00 R I bAGLS TS PR B °§ Pmpo bRy Judging

anqdrf‘étq{eeid f & m{tyel_( r\%l@%s aﬁ J tvg]%’}: f_i}%tater than

wave
PoidHsS thsat Bt €8 andst he fwdgrent)in atemik/8tahs, because
affirmed, the procedure proceeds to the next step,

st e UA melBhirdnerst epf 8lrefheny udgmemticon madettod first

whet her or not the nmeasurenment is conpleted in the
Cag@qqqqﬁquﬁ|gﬂﬂqqgﬁﬁmd_the judgment is denied, and the

ront erratlon measurenent at nmeasure

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—9174—9176—»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 PH, to PHi3 with respect to projection optical
system PL, and the wavefront aberration related to the light
via each of pinhole patterns PH; to PHi3 is computed, and stored
in a memory (not shown).

Then, when the wavefront aberration measurement at all
measurement points 1s completed and the judgment in step 176

is affirmed, the procedure proceeds to the next step, step




is to be a V polarized light (a linearly polarized
light having 5 the polarization direction in the
Y-axis direction) . In this case, since only the
measurenent of the H polarized Iight ends, the

judgrment in step 180 is denied,,and the procedure

[§)]

returns to step 136 in FIG 10. In step 136, the half
wave plate of polarization control 10 unit 2 is
roth@@d by 90 degrees, and the polarization direction

| aser beam LB i s changed by 90 degrees. Wth this

oper ati onin sitlelpuiBAat tlom judgment issmg@e ¢ wWipethe or not the

pol ari zed light. Then, in step 138, the optiml Z .
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t hi t th timal  Z it 15 i :
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e polarlzatlon_ direc ron of il _ t 1L,

andc 2480 st Re a1 Rhedne RS b$ dHKBIN6 1L ChANICGNt ends,

due to the change in the wavefront. Then, in steps
140th® ldmerntdist epsp 182 e ddbied, AIMG the, pROcédEre returns

um nation 11g

pupi | image and the wavefront at each neasurenent
poite staw re3poivdi NGt al@onventional il lum nation
aperture stop 6D when illumnation light IL is set to

be the V BbFaePzetb ithkthalAvese phetewdspebathtablion control

the V. palarized light is conpleted in this manner,
10 he‘“?h'gg fig‘i?' 7

pro [ e t e 82, An FIG 12. | ep 182 .

2 o8 RS s RS o s Ge ponit ShER PRt o,
at N nmes ™Mo 0iRnkht 5 Gaser 33bNBaASPLEARAL A0 NSt . Then,
within the field of projection optical system PL

obtiai sedpab®dy e thet bpt jddyEpbsi 816BAEr Qb reRei hefe WST is newly
not there is the neasurenent 45 point at which the

waves Forntechberdnat i on wfsepr bhectdaaprophiycathe opyrsimerh Plposition
Is outside a perm ssible range. Then, in the case the

ment OFA§ 809% <Hi¥i PREd;"%aREFREZaBE0D direction

15j udgimerericegt spahd s the tpkbe ethiied it corresspeging to each
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4 .
measurement point changes due to the change in the pclarization

direction of illumination light IL, and also the optimal Z
position is 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 ih 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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and adj ustnent of the wavefront aberration of

projection . 5 optical systemPL is perforned by

driving a lens elenent via inage-formng

characteristic correction controller 51 so that the
wavefront aberration generated gt present is reduced,

based on the neasurenent results of the wavefront

aberration of projection optical system PL. The

adjpesitreat wisi setthzasede 10onb dbdwertdd oA Batp O jection optical
condition that is set on actual exposure. For

exapteem éXposuret s sdper frmnmeds sikile aamglear Then, in the case
illum nation, the adjustment is preferably set so

t hdth& HeldRa e 5t aif$ 1 rapdi ntiffi Rracpere odhinkles o step 184,
illTumnation light IL passes throug with the annular .

i | Iatﬂrﬁ ﬁ‘ber“h%g’r tCifr et“get dﬁvqﬂ{m%ra%‘?rrﬁtﬁé’rw’fa projection
embodi.nent , i be described .l ater, .the .
ol ot 5 tal) Bl P P e ey g, Leps g ement via
al qr?rgac}e!)-eforqﬂilrrﬁgue'ﬁgfrge%éﬁksg%E%fﬁbﬁorgcthﬁ{égbfler 51 so that

havi ng optical axis AX as the center an

polafd zatierdlid etid ans iafn iddrdmdtadd ot ddeddnd i Areduced,
different in different areas on the pupil plane, 20

andadet ehotbe mead ecdneamt oS wCals sfstbeRlvéBront aberration
preferably adjusted so that the wavefront aberration

i s Afedgea@ctéonhert hfal rAnatian Phat Pot &dizatimentsiatect based
Incidentally, depending on circunstances, the |ens

el &fef eo%l%% ek SPAA°n §ysteht FSThAp Bty EgPosure.

VAVif : eoirrngtﬁgx%Fﬁggpelxanoesgfe qu%etj)refc?%(r%%]%lrp&g%gnzagglﬁP%f Flg-:l%%%é]ation'

me 1S deni In s .0

Pr agRAu £ Jdt3iBP i@ganfﬁégfgqg I 4 SiapP 86, A front is

i1 l'um nation conditi pplied to actua

exResiirtun Sn aS8brt SPeGinkireal 1 yumPOdaldzati @R VOPLESLEs through
unit 2 nmakes the 46 polarization direction of |aser
beamtiBthe atreuk: pdlldninZataitaen apdrpokaritzgii oAurther, in the
conversion nmenber 3A is placed on the optical path of

i | ISR 1 iaghtw 14l Be rdrst i iiRppol g attilgh 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 of 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. 1Incidentally, depending
on éircumstances, 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



conversion unit 3, and also annular illum nation

aperture stop 5 6A is placed on the optical path of
illTumnation light IL by rotating illum nation system
aperture stop plate 6 by drive wunit 7. Then, in step

188, optical property neasurengnt apparatus 90 is

nmoved to the neasurenent point, and in step 190,

openi ng section 97 of optical systemunit 93 is placed

10 pl dhiezaopiidredl rpathonadfl tdr beast®ew tO2het@olarization
pupil image is neasured. In this case, since annular

i | land pat bonzadpentanTerestoiprofeinbepl Iced miadde on the optical
optical path of illumnation [light IL, the pupi

i meRpe hal o de@lm«ﬁtalmmllmgf%aﬁie yHerod at iineagioig rdaad ion

| MD2 of the
15 %H’es‘ﬁsz]é’ ’F %Eélp@%%a%sr?a@%n%a% He JrgRetiofetRe Rgure stop

Loaded, .and the position

SSurgAa%% cggDo tgﬁreell 12(::@[' g)t akh 8 S%gisr‘ﬂrll }gﬁ!orggllght IL by

pupl I mages
datrﬁ)ﬂa’%g qqqu%ﬂ%a%%.to%cg glﬂemr Qﬁ@ E§r§r§t§150§ drive
menory. FI'G 16 shows an xanp eo I magl ng ata

of Jdrhie pupi IrheABgenaktehi $8pQI Bbt@tali PRopd@thNmbABurement
image in FIG 16, a portion where |um nance is higher

t haap qEredetodr misnadvehr eshohd msasiosment pdiite, aand in step
a portion where lumnance is lower is shown in grey.

As i) sivpmming BEGtion637aoshapelodl t hies pem turort v9n?eri§ placed
Iun1nance is higher is a shape aof the pupil imag

L0andh i ortsE Wétéhmﬂréir therurTn&tieen 195 §he Dupil image

mage has an_annul a

enplo t.he . .
thi's® %§§§§r%%5| ﬁhﬁﬁfgﬁﬁﬁflgﬁn8ﬁ ?ng&SFtEgauWﬁ8P§lon
| urQ é §toE @@gr ﬁMﬁgé@ o%cphg%}ﬂlscaslt ?E‘Eﬂ 4413 1umination
storage uni t

di S_Ltlrd}'QUtllLQntﬁEaﬁv@in ihegd winAneee Bel ahedidp dbe. Here,
portion having higher umnance is also stored. 47 1In

t hemrayiinsdeps I$Depod84e pab ar imaykedrs tebteetli emdsyst @msition
99 is placed on optical axis AXl1L by rotating optica

her In the storage un

Losysaremsiifiet oF3 tihe eptiidalinggspent y heeddwhdmaeceiving surface
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appar at us

9§a, 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 IMD2 of the pupil image at this point of time.
In the image in FIG. 16, a portion where luminance is ﬁigher
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.



and in step 196, a polarization state of illum nation
light 5 IL is neasured. In this case, annul ar

illum nation aperture stop 6Ais selected as the
illum nation aperture stop of illumnation optica
system 12, and illumnation light IL is to be a
linearly polarized Iight which polarization direction
isin a 10 circunferential direction of a circle

havi ng opti Gale @xs AXeds sithe a@ntepolBhusathenedetection
based on the position and size of the pupil inmage

t haty Staare I9e ez pRasededni opsiepl 1821 sk by mtartealgonptlcal
the light-receiving surface of CCD 95a is divided,

f ors ykafpluei tad3i Bn iapdiicatles ropedsyt rea s ipesen FEr@ratus 90,
16, and 15 the golarlzatlon direction is neasured w.th

ﬁfé%tl”t STERCA 7 Cdi 91 Bt Bt BATHAR et BT tHe Iddmpirgdion light

§H?S of Stokes paranmeters Sl to S3. Then, in step
%ﬁ‘l s made of whether or not a

polarlzaglogh§ga5g%gf éAAdﬂgfuyﬂqﬂ%ln%QYbnlEabftaﬁe stop 6A is

desired fb state I near ari ze in

t hes il il ea[serttl—léﬂlldl'tfnﬁqdiﬂrbrpfa;ﬁargddﬂé %t%worfg illumination
optical axis AX as the center), and in the case the

j udgpeindal syaténripedand He Jptde@ssiongl Ddht Sobiroubideea l1inearly
102 ends, and in the case the judgnent is denied, the
pr axeldurie g5t ocieds whol ait e{plmzaitriqmid:irretdteion is in a
polarlzatlon 25 state of illumnation lig ILis

10 adﬁﬁ%ﬁ%&ﬁﬂﬁF%ﬁﬁ%ﬁﬁ|4ﬁ§e§tlp8tﬁfl%ﬁﬂéﬁﬂﬁhPaBFnﬂh%PEEQ%l axis AX

Chéir (e FPBLBRGr o MR uPe Tobdrey 166 Porhde  tieh and size of
;nggggﬂﬁnhyg%%§¥§J%ngﬁ?ﬂ%%ﬁggg%g §%R¥%%§d§%%%efe192 above,
repgateda 48 «HY tlﬁrghtth-%elcléq_@%@t shPrsteR A8 0 852 is divided,
af firmed, the processing of subroutine 102 ends, and
t hefqor @ecamprle paesceedsndicats¢@p il titedFLGnes. in FIG. 16, and
15 the polarization direction is measured with respect to each
divided area based on the computed values of Stokes parameters
S1 to S3.
Then, in step 198, the judgment is made of whether or
not a polarization state of illumination light IL is a desired
20 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
25 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 19651983200 are repeated.
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In step 104, neasurenent reticle RT | oaded on reticle

5 stage RST is unloaded and reticle R on which a

pattern to be transferred is fornmed is | oaded on

reticle stage RST via a reticle |loader (not shown).

In the next step, step 106, retj,cle alignnent using

the reticle alignnent systen1éescr|bed previ ously and

a fiducial 10 mark plate (not shown), and baseline

nmeasur enBiit esichg ghdghernt idekeebi avgsyst amfAbmadd the

the fiducial mark plate are perforned in the

pr paedese isigm £ arulimo tthiate P 2aewdsyv emtd Ohalprcs:tmiunengroceeds
stepper. In the next step, step 108, the wafer on

waftér S§te@gé0\ABTEn f9G-s %-epl aced using a wafer |oader

(not shown) gVMen a wafer is not Ioaded on waf er

stage WsTD ﬁBve?‘l FGRFRTenens| Fpt il dHaddadacth ophgeticle

ghext step..Step 1 al. i gnnent, .t fer
aI Isé:ﬁ;l e ES ylshlén ded (_)d)retslcher \ngcAS a pra\é%:u ]in to be

20 t‘%fants'%%r%faerlsa'f'o%{é‘?ﬁ i) a.g)a%lr ¥ ‘}%rt‘?dc'i%tgt% e@RST via a

plurality of shot areas on fer VV|s obt ai ne

0GR trAE Sikier |(Mdthenex) .step, step 112, based on

the results of the waf er alignnent descri bed above,

exposur e Ihythe steeqr andpscanep neidodeitd cper 4 dbigpdent ising the
whi ch an operation in which wafer stage 25 WST is
moved itcd eaaseanmeng sYaren g Jusiltddbpregaocusdyl epdtd ddducial
startlng p05|t|on) for exposure of each shot area on -

wa & \R{laeFr“F‘d @7 SoF&CH ) on 3 RFISEH Mgt MSeS YR SNt using

|II m nat | um nat i nd.a_patt

h
ST bt e bR T B dind SR tiRa0R R e are
RSP ﬁ?’ﬂ&ﬂ%&ﬂ@hé f@éé@%yé%ﬁﬁﬂﬁ_ OQEBQ oé%ic%%@%%tlonal

waf er stage WST synchronously in the Y-axis
di rsecliramarse dpgReated. | n the exposure, by the

annular illumnation in which the polarized direction
of illuminathemext step, step 108, the wafer on wafer stage WST
is replaced using a wafer loader (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.g.
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 is illuminated with
illumination light IL and a pattern of reticle Ris transferred

onto the shot area onwafer Wwhile relatively scanning reticle



light IL is defined as is showmn in FIG 8, exposure
with high 5 resolution is achieved. During the
relative scanning, in particular, during the scanning
exposure, position control of reticle stage RST and
waf er stage WBT is performed sqqas to keep a position
relation between reticle stage RST and waf er stage
WST appropriate, 10 based on information on the XY
poHtdg@ RYT rid Glafext agaddSWSTdeteeirediyynsiat iicl &€he Y-axis
interferoneter 16, position information on wafer
st atjer BT adetaett evdmabeat.er Inntbef exppetiee, 1By &hd annular
the Z position of wafer Wdetected by nultipoint focal _
posiltliuh nagetasc i nom isyfs tbmyPiarizad digeefigg of illumination
information, and_the like. 15 In the next step, step. .
A e TR AR TS ARG SoPFOWRethar Cor Enot X BRFRLERE-th high
of the .pl.anned n r . of.,wafers (e.g. 1 lot) is
SCoﬁﬁ%ﬁ%ﬁf“V%gﬁ;%ﬁ%%%ﬁﬁ%mnt is denied, the procedure
returns o Stepe 0% 130d WNkEhnh iRyl UOBERE ikR18FCRuring the
114 is affirnmed, the processing ang judgnent of a | oop
of 3808 mP ek@Bshirk]lOpddiRiddldorti €0t &FeatedkYe stage RST and
performed, and exposure to each wafer is perforned.
Therg ferhenageposTiries perthempiaamed hordssp efpawmiteien irslation
conpl eted, the judgnent in step 114 is affirned, and a
serbetyeqst HRtdcdssisigdan RYfe argd walfen ist@dendsT appropriate,
Incidentally, in the enbodinent, the case has been
10ge ka9 @ WhBELTBARG PR OF | FRA*TaPPSH tap8r PhreS st op° gage RST

AP T VR L ot gL L L A0 oo

illéﬁﬁdygéf3%taG%M@%?rdeEQct@épQ§U&§Eé¥”¥ﬂégf¥éﬂéﬁéter 18, and
exposure can al'so be perforned Wwth 50 quadrupole

i | laHd nadd Ot idn BEpal mir Wlddysdtatd 19 rhyl falk@Gimgfocal position
qguadrupol e illum nation aperture stop 6B or bipol ar
i | ldetievationsgpepnuidl seep, G el irfeiopoivatipat lerof the like.
15 In the next step, step 114, the judgmént is méde of
whether or not exposure of the planned number of wafers (e.g.
i lot) is completed. 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 l_oop of steps
20 108—5110—5112—5114 are repeatedly performed, and exposure to
each wafer is 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.

25 Incidentally, in the embodiment, the case has been
described where annular illumination aperture stbp 6A 1is
placed on the optical path of illumination light IL and

exposure is performed with annular illumination. However, in

exposure apparatus 100, exposure can also be performed with



illumnation light IL. In these cases, in the setting

of 5 illumnation condition in step 186 above (refer
“to FIG 12), quadrupole illumnation aperture stop 6B
(or bipolar illumnation aperture stop 6C) and

pol ari zation conversion menber;3B (or opening menber

3C) are placed, and in the neasurenent of a

pol ari zation state in step 196 above (refer 10 to FIG
12)quddreiselid i11d wdide ar exr Wil s [dllamiizaidieh by placing
state is neasured needs to be changed according to

t helusttipep adfe tine unpguEitidnrege reasurswhpn rbtoep bigdlar

above. For exanple, in the case quadrupole

i | 13driyien s dp ehantel s 6F BB 66 enpitsyeptical path of
aira?mj

Pl G I beh (g Iiterhier the

erforned in step 196 above,grefer to .
tESFﬁr C253€Pon18t 40& PELE4Ng of

SShq_VfgldﬁnFa}t%%ng%Bnd!iQigﬂi 08 fdomine g?g@gra@g‘ FIG. 12),

posi

ion o upi " rrmage e guadru

DA AR aperdmhe Stap a(g&btrufeyes%)oopr F%Z;(gfnrg?)nf lar

step 192 above, the areas on CCD 95a c to
poliarigitr 2 o MRS e Ieret )( 3Bal 1 13Bd)zdtl ol Gonversion
4B 20 are extracted, and based on the neasurenent

r esudintteer IBR hier evgiardcte dhearieas,3@acdrpqlardezht izod in the
state has to be neasured. Further, the adjustnent of

t h@SRRTaMNt Qe reldnl Fat Ser st divogscpr kferanwe (refer
FIG 12) is perfornmed based on the illum nation -

10cof@ FiEBn d4at the SHIpH i Of - e p3SGr e 5m@ Pokarization state

therefore, i S ua

apar IPESSEER BREGT B 1 ah ol PRt rart OH et ClFe>aEBp o the
6CH%i3ekgelyednassuthg 4! Wi nat ?%b%t.enfépeéi%;ﬁle, in the
stop, the wavefront is adjusted I n accordance wt

t hease eplen gRAd UNa WlioRt iAh iapdestid had s e als, employed,
according to the enbodi nent, 51 optical systemunit _ :
93 mexxsurstr@nted s whir Ehrhad i plteral P6yabafe dpteifeal to FIG. 12)
systenms including mcrolens array 98 that converts

the ,case rupol.e illum nat.i on

15§ 1 mgnitrarheRh e ghike | RO st agl ehrigie itlsl afi pagvenin FIG. 4B.
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opti cal . L Cq
pfn %%15 case, from the shape and position of the pupil image

of the quadruple illumination aperture stop (four eyes)
measured in step 192 above, the areas on CCD 95a correspending
to polarization conversion members (3Ba to 3Bd) in FIG. 4B
are extracted; and based on the measurement results in the
extracted areés, 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 is described so far, according to the embodiment,
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system 12 and projection optical systemPL so that the

5 polarization state of illumnation [ight IL, the

wavef ront aberration of projection optical system PL

and the |like can be neasured, polarization detection
system 99, and the |ike, Thus by swi tching the

optical systemto be placed on % optical path of
illTumnation light IL and receiving 10 illum nation

| i it ilda1visy s@Rii ¢alitsyst ed uRst a93ed,t Rhich has a plurality
phot odet ect or 95, various optical properties including

t hef pptacaatyorerst anelofiinglnidnal e alrirgiyt 98 LLheidconverts
the wavefront aberration of projection optical system

PL iddmri@atdasurldghtbddedass inke thirghohr eéépmlﬁgtlon optical
results of CCD 95a. 15 Further, in the enbodi ne

Si Y namotpcf@@te@al&n 5% 163 59 5G8d Horo ‘that the

S Do r A 5y et o AR PSHOR gHAtH Hnd thinyaverront
m‘é%ferr%ttl%eﬁﬁf?%{:Qg?Q{lBﬁ% téapln %tt'e%lPLSy§}18nﬂl'Pé- like can

the confi gurat prope measir enent

appa ﬁéH§u9@d2%&laﬁrlbz%ﬂlQQU@l%€eblﬁ1%hz§y§l€1&n\@@l 0bhd the like, .
Further, in the enmbodi ment, the pol ari zati on state of

il Immsnaﬂdyomdutgimrﬂthm aapmatdaelr 13 viseege tjol &re pdfaced on the
exposure apparatus 100 can be neasured using optica
pr opdritop 1 meddurcdnddtl vappartdons 19ghtadd: ek efesred,ving
the case polarized 25 illum nation |s per f or med
0j n%ﬁ%ﬂﬂlqﬁ§%Qﬁn%%QQQI%§ Wé@oﬂ@ﬁ%ﬁ? %Mﬁ&@ﬁéﬁ |%ﬁ with

| ari zatiaon ate af ill um natlon .
deeﬁff"c iﬁtftcetocfar? B i R Rcad i incivling che
polﬁ% rtah &GEEQEEHE% Q*iggxm%%‘d elf ROSY! EnWi {OUL ve front

f ai Int ase on

t heldgatriRreiot R 032 c thiRsuldpt ieBliaisied ofd om (e deeasasured
within the light-receiving surface of CCD 95a that

ar eacenj wyattdew ltiyhe pleurediviiing ofe suditfsf erfefiCoarssas
wi thin the pupil plane of projection optical

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 stéte 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



system PL, the polarization state of illum nation

light IL 5 in the areas are neasured. In this manner,

in the case the polarization directions of _
illumnation light IL are different in the different

areas on the pupil plane of ?Jection optical system

PL as in the polarized illum nation, the polarization
direction in each area can be neasured wi thout 10

f aidesfrst Ryta iined e cehed ERRGs RAltAinZ@heolight-receiving
detection system99 in optical systemunit 93 of

optswxdlager @fedGp IPeasihadnente appgnatatse 90 ths aeguiyppédty of
wi th pol arization beam splitter 99B and quarter wave

pl atid fggantharepst wi ehieltdig @eup}llslﬁ@ee@f:rpr@m@@rtlon optical

around the optical axis of illumnatiaon Li

W Y ST &rrr&ﬁ)geewr%wgﬁtta&&amﬁ lglf“matlon light IL
|Ilun1nat|on I L_that p throu

poﬁgsr |tzh§t PaRadet et FERLg S 90 EhAMGE g5y in the case che

dihe ald %&]_:t '1qu ﬂlﬁa% idie ltl%htt he are

ac 3ﬂ1

ge |n a relative rotation anmount of pol arization
be%ﬁi‘f&%rﬁa@‘lﬂ titre e RO By 13i 1@ taife ARV fndt @u@9A plane of
Therefore, the polarization state of illumnation
| i gihtojldctciam bpt heas wyedt enbyL rsasntihegpd heri zedti 1l lumination,
gquantity of illumnation light IL passing through
poltdyd pat & bhzdeti estdige cdyionehn 99chHAlen cehdeghegstehed without
relative rotation anmount. 25 Further, according to the

10entfGdilrent, the polarization state of illumination
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nmeasur.ed .in st 142 descrlbed ove

nggﬁlza€16ﬁh§FéténthlII S AT 7| PQHET P %bgn deteion
ﬁteeqn idy SLER, gtﬁ@aqa%%iﬁ?nutd?ﬁﬂr%s WL 185 HJééo%)erty

en the wavéfront of mnation light IL t
Char[égﬁﬁ.lr@nera;c %@Jp@ﬂa@utso obhespebal pgad i witstRt1& rfAfzation beam

illumnation Iight is nmeasured 1n step 174. In

t hisp Inietrireer 9 9BveeTd v;hemtelne«la\vmpéhltenQ Smfhialt] vt antaet |r@|iat1vely

light IL relies on the polarization
to each other around the optical axis of 1llum1natlon light
IL. Withthisarrangementpthelightquantityofiilumination
light IL that passes.through polarization detection'system
99 changes in accordance with the polarization-state'due to
the change in a relative rotatioﬁ amount of polarization beam
splitter 99B and guarter 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



.State, the wavefront can be neasured w th good

accuracy after 5 the adjustnent of the polarization

state. Thus, according to the enbodi nent, the

wavefront per polarization corresponding to the

pol arization state of illumnatjon light IL is

measured. |In this manner, the wavefront can be

adjusted in accordance wth the polarization state of

I | lagdoatimy thi ghe pdladinth@sod GtateopsequenBenation light IL
exposure with high precision can be achi eved.

| ndidergadungd iim teepenibiodi mént thbesveanoptri, celvesyghem the
unit 93 of optical property neasurenent apparatus 90

i s Wastfifsped ol 1 hl wpeii e ddinén1D Ze iy onerize ml@yrlzatlon
98 and polarization detection system 99. Howev

ot r?etra‘ifpt e8I A% Eyet bRy B2 W%\‘ﬁg@&h HOBSt%%‘PraCY after

ssystemunit 93 . Further, . nunerjcal . rture, NA of
prgtj 8c BHSBp P& £ tgys}f’%laﬁtza %1°%|Ssoa n@gsu(edc%ordl“g to

usi @%be%ewtop@ﬁémaw@ﬁ%ﬂte 3PRAI 2L §or9%or\évé%'bondlng
e e

a diffuser "aced on the pat

i |ﬂ5ftﬁétpd1réﬂllzgarttldan1\i\éthorf iiimm@i&m 12@nepti €8lmeasured.
system 12 to nake a di aneter of a beam passing though

t helditfiss eannargethehaavelieonuneanclad agppud e iof accordance
projection optical system PL, and openi ng section 97
of wigil ¢&le prépeiegtimpastirbaent dgpaiaals ogolight IL, and as
pI aced on optical axis AX1, the  beam passi ng through

10t he ﬁ&&sleq&ﬁ‘“ﬁreoj @EPPBHr8p‘t’+%%lhl§§}§tpéﬁuc2§l|@|9 Féackh%écmeved

0o 52, AccoL iy LOMANGLisgg. Sotlt o O yacer

PL | rf 1 Fon 90
congpu?d;t ed:ﬁo rrelscldacal %&fﬁke o% proj ectlagpr# opatti%sa is

sysdfigied Wigth tdieediHErd &l i eyt urnei &fo 1¥r0d ect N 98 and

optical system54 PL can be conputed in this manner,

a qnﬂa:reim:aetjfcactdﬂte(ctﬂﬁe:n sorctednh P J | IH@mielvaatri,ontam)erofOptical

i1lum nation optical system 12 can al so be obtained,
1Sphageth s Hea Yrdess (FIerRsHied eisu|Qt igfalg 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 placéd on the
optical path of illumination light IL within illumination

20 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
measurement apparatus 90.is placed on optical axis AX1l, the
beam passing through the pupil of projection optical system

25 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 it possible to compute the
numerical aperture of projection optical system PL.

When the numerical aperture of projection optical system



pupil image (a light.source image) in the case where

the 5 diffuser described above is renoved. Further, in

t he enbodi nent above, the case has been described

where microlens array 98 and pol ari zati on detection
system 99 of optical system unit, 93 are switched to be

sel ectively placed on the optical path of the |ight

via 10 collimator optical system 92 (at the position
COrgIeSRONHNGontpm t@ iiGalt e saMkblr,. aHeweelendeh&actor (the
present invention is not Ilimted to this. For

exapl ey 1 lad datlivednapriope sy yo feablueient 1 o pfa dals system 12
having a configuration as shown in FIG 17 may be
enplayed.soThe @bﬁﬁéaedprbpéﬁﬂyom%@rwr%mﬁr aqeilts of a
in FIG_ 15 17 is equip ed wi th markin | at e
desﬁ‘?rl?]b]edmiﬂ'gé?vl% %39 SOULGh AR eglrﬁ%tca&re tere the

5upp 1 o 90A,. and col | imator optica
syéf%%?ﬂ r J Scr 4 er® n%?bc£ns array 98 and

a light-r r%hﬂgaﬁﬁ%ﬁﬁﬁ%ﬁ%%dl%ﬁ%% %&%v%eq%%%tﬁégbyhas been

arranged al ong dptical axis AXl bel ow marki ng

Pl adeds Odipandna rdahi @ed 141k alr&é?mwntdhpélaﬁlpé@m dRection
a branched optical path (a reflection optical path

br angdteshn 9y dfearptsipdd terstBS yolard¥ atreorswdatcreid a be
system 99 that 1is placed between deflecting mrror MV

ancdseigttivelceindaned ererngm @8 Lcalndatie d4f Kdie 25.9ht via
this case, as Ilght-rece|V|ng el ement 95, a
10y gq*ﬂl]r QA r?@’téicé’nleﬁtysttﬁé‘t ﬁa§th%h%d?ﬂergtdr°é% i@ responding

simlar _.to I| I Vi elenerl 95 but has
b PRSTL PGS VTR NG sed " WPERCERE DRLFREIOR 1S ROt
I OP&L £ % gﬁﬁﬁﬁﬂen% Qaﬁé{ Q? '%ﬁ?f%aﬂéro EEE asurement
|.8ht ?!??En1nat|on I'i ght % MP 'S g ?e as
a el L£als wWaka g eMcpintighe aRabheed Phbeh in FIG. 17 may be
neasurenent reticle RT, is condensed at opening 9l1a of
mardnmipyepd at @h@lopt i ¢k papipiecaly rpe@@ereryem*eaasmaemm in FIG.
apparatus via
15 17 1sequ1ppedw1thn@rklngplateEﬂ_descr1bedprev1ouslythat
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
20 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.
25 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 isused. With the optical propertymeasurement apparatus

in FIG. 17, after a light (illumination light IL), which is
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projection optical systemPL. Then, the |ight passing

t hrough 5 opening 91a (the beam of the imge of

pi nhol e pattern PHthat 1is forned inside opening 9la

on the surface of marking plate 91) is converted into
paral l el beams by collimator optical system92, and

enters beamsplitter BS. Then, "6ne of the beans

branched by beam splitter BS (the beam passing through
beamikd spldd ters PBR)r i 1efE vl ErIMERS IR REteMUPH of

an imge of pinhole pattern PHis fornmed on a pl ane
optrecaunencor ugatiele T hisardddangddbe QdenidmBliesgf marking
the i magi ng plane (the 1light-receiving surface) of

| i ghtatreeddi viing hel @pdritcads'propegiac Megsiy g ndgagpparatus via
m crol ens .of mcrol ens arrag 98. 15 Meanwhil e, the,

ot MECIGCHINE BRENE2 bSaFcfdu by DR, Speiltadt BEs§ime through
beam refl ected, of f beam jtter BS) is. reflected off
QPRI Sy (Bbe i hBeoHiT ERlopRRT G = FheCesn PH that
be [ I v ' I d i

rocs veaEy Frohaerdeeh i GiLERegenEEReh e BRI place
polani zat ichvedd Qetietld a raMsteaMAAnAERO@1NAMbtor optical
with the optical property neasurenent apparatus shown

I N Syls@enil 32, tdhel vavet s darabpliate@rBS Nnegdhehe @ o@f the beams
projection optical system PL and the neasurenent of

t héyseIchedz btyi beasgt apéidteirl B&ni blae i lowan inges 28 Idhrough beam
whi ch have been described in the enbodi nent above, can

be SFrifGrFedSn a1 EIlcnr@feaYy 98 n Epegs 130 image of
ISR BT Do RO e Y Beicaty congugare
3 i | ey, Tt ecel

o ] SR LR IS S L TSGR e

M QHQHENS RiaM P ANt a0l & zaldHan [AelEGHIRN SLP 95/

99 may be arranged, or the configuration nay be .
enplesypedtiiveily ¢y ereH inghtralecel vWfghicrolens array 98.

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

Accordiﬁgly, 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



el enent is switchable between a position bel ow

mcrolens array 5 98 and a position bel ow pol ari zation
detection system99. Incidentally, in recent years,

the resolution of exposure apparatus has been '

i rproved to cope with a finer pattern formed on a

device. In order to inprove the resolution, the

wavel engt h of an exposure light (illumnation light IL

10 99 dther erdigildEinte Bb@Nredondas i & 19y taned, 98 and
and the nunerical aperture (NA) of a projection
optpala r isasdtiem aldbecthas tay dien &rgeray Heemrmrdgaglyi dr the

i mrer si on exposure apparatus is proposed in which the .

r esoMAI B atsl ampreav g Iflidviasy irherh ishacmebdtiwddn raceiving
projection, optical system equipped in the 15 exposure
apFArSUYE AR LR b et {RRR 6 POV i i PR & Sdront fEPtens array

STt i L PR SR SRR S een oo,
- nuner | calxncara%tt%rﬁy,n@' %c%ttgga%m ReL g%s%gh't%h of

system The case w Il escCri bel'ow where

NeastfEY dppdrat e Wlanti i RRld &) JYRP&Idh a finer
measur enent apparatus 90 of the enbodi nent above is
appa et trof d hee d icfua dielviiiser.Si DN o reIosd renpafvar BhélSesolution,
In the case the neasurenent unit (which is to be an
opttihgalwayedparath masur ereds uagspdriatys (G0 lurtimatt iiom 25ght IL
equi val ent to optical property neasurenent apparatus

1090 §ins hgyAmRaf i tth @89l @lvimdes 6 Sepshpidened and the
apparatus, .as _is _sho in FlG 18, mar ki ng plate
01 I e 1 SREE T Ced By BT BIHOLTNVER” | B CNRrRIi™ onLy

I oT L op 1 ' . Ay

U FoS] S5 E ot F A a tpr et (R Aadh fte apparatus
SysteBrBboskdein Al ch EHEVREsSULE BEE ;SLGHbRBvRUCHLY L1 ing the

faces a collimator optical system 92 side and has a
pr egetcer ferteckenc wr vatagree.t iar kiptd dallatsy s3Em iegyuipg@edfin the
gl ass material s that '

15" 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

20 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 pfoperty measurement apparatus 90’) that is

25 equivalent to optical property measurement apparatus 90 is
applied to the liquid immersion exposure apparatus, as is shown
in FIG. 18, a marking plate 91’ may be constituted by a

planoconvex lens. Marking plate 91’ is equipped with a flat

section (a flat surface) 91b that faces a projection optical



transmt illumnation |light such as quartz or
fluorite. 5 On the surface of flat section 91b of
marking plate 91' , a light-shielding filmis forned
as is described previously, and in the center portion
of the light-shielding film a. circul ar opening 9la
is formed. Moreover, in order to prevent aliquid w
fromentering inside optical property 10 neasurenent

appafsateds p90'si dwat ghAr 80tufved i Sl gy afdt i JPAIW €Bat faces
are taken by a seal material 90b or the |ike between

markicod lpmater9dptand lhsyustag 9Das dde optd ¢als pr ppedeyermined
nmeasur enent apparatus 90'. In addition, on the

surduaues ugfe . oPenkaggkate iat kimafplodt @l 995 maicniled s that
area around opening 15 91a', a liquid repellant film

(a W@rem it gdiiaifiatdan) Lightt suedd as| Quardeare whapsite.

liquid wis, supplied to_the space.betyween rojectian ,
Soptical  SUSERABL TS Ohie IHpEr CLiPhadd 6 Marking clate 917,
plate.9l}, .ac u [ i.ncident. j.ect] :

DAl 53hs5 R0 SHROBUE £ 41 ADle ARt O ARY RO viously,
ti RNt AheOfcercd §tritAR R Gile GHEMRie1@8NGg film, a
passes though projection optical system PL and enters

| quirduVa A pes isioWwl d’n iflsl Gormkd,. oMotbevexpostr érder to
light incident on liquid w, only the exposure |ight

t hatrearsindr s dgeni iy WO fa'ome reindrey dings iides inigr loprig c23 property
plate 91'. In this case, since a refractive index of

10t h@eaRuafaeH v SPRaeTRs Udo Y it WEHeFRRRad g pligid dgproof)
is_ approximate]y the sane as that of_ |iquid or. .
hi QIR A of Rab S KBF HY GuF 6217 HeF EiGl B2 Tyl ike between

| NGI08NGL L 10RENING Ay reNLQrs, Jdiside JRirking plate.,
91" vvlqétlhg(lj{‘ED reeﬁ eggti ng ofhf bl e?t% section Oggl §?bp_e\?§n Y
W&k s reerde Rl anghk@ sobot he expasut € i 9n itk deRtraces of
on opening 91a'is large. Further, the exposure |ight
I Nneipeening Bilkhi of merdding pllate 91’ &rsi dekl @cé@didyyund opening
curved surface section
15 91la’, a liquid repellant film (a water repellant coat) is
formed.
huastatewhereliquidvvissuppliaﬂtothespacebetween
projectioﬁ optical system PL and the upper surface of marking
plate 91’, an exposure light incident on projection optical
20 system PL is not totally reflected at the tip portion 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
25 plate 91’. 1In this case, since a refractive index of the
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 incident on opening 91a’ enters

inside marking plate 91’ without reflecting off flat section



10 i

and at the time of adjustnent of p ection opt|cal b
systen1PL W rakitn g en gE%ﬁU§ﬁW§ a%%ﬁ"at measuring the

In '3 0 dj ust 1 roj ect n
g e e i R
ad%éamé&r@&léﬂlmmwswq@adgd dParde Qf1d eSige RST.
el enents constituting projection optical system

t hatowesreigr hopaete rh plidte enboti ¢ i nladvwe pap@sirhisOfire formed
adj ust mrent of other |ens

15

20

25

91c, and then is emtted to collimator optical system

92.

In 5 this manner, even when the space between

projection optical systemPL and marking plate 91" is
filled with a liquid that has a refractive index

hi gher than that of gas to ma\kca15 the nuneri cal
aperture of the projection opti Cal system | arger, the
exposure light can be guided to collimtor optical

SYySt18Me#8n 9t AnMBh Kl dén Pladle D4 taanskibbyled DYyt incident

pl'anoconvex lens. Further, in the enbodi nent above,

whem opasimg g at’lie 1aeyef r Gnirtatmf r ahé @xpafsyreo] eght Amcident

optical system PL, neasurenent reticle RT is | oaded

on

wigthigl maskage PRET.e 9 Howevade L ectrd berqupieat supface section

whi ch pinhole patterns are fornmed 15 simlar to

measifreABAL Therilg emrttied E%rCFﬁalrﬂe’ﬁ’%q*iPraPrP&ﬁg@é gpstem 92. In
retl cle sta e RST, angFthe atternckgl ate is positi.oned

Swi 1§ Fﬂ@nﬂ &ird S¥EpF
t h%’}é&& P‘ﬁagﬁ%rr@}k?}? faéﬁ%ga of ;Rr 9&?%&0{%99% Al quid that

syst'e

BcEROnSRBpTT G TSR SR PIEHriPn optical

meas urther

el @rﬂeﬁ%@@vé flencre@é%hﬂferb%%n desqr Iotfed;avshecroe nake the

optical property neasurenent” apparatus 90 is ‘used f
MeasieiRid] epeaptireabrptapeptbesct hah oSt pest cary‘adam larger,
bef ore exposure of wafer Win one |ot. However, it is

a rete exposoueskighatcampbicat 1 ¢ d er t:ylﬁremsuperramlcal system
apparatus 90 can be 25 used at the tine of periodic

H eriange r&fingr passenBly ePnstheueRkPolure RIFFAGATNIRSX lens.

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 prdjection optical system PL may be
measured.

Further, in the embodiment above, the case has been
described where optical property méasuremént apparatus 90 is
used for measurement of optical propérties 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



el enents, reprocessing of |lens el enents, exchange of

lens 5 elenents, and the |i ke can be perforned.

Further, in the enbodi nent above, the aberration of

the |light-receiving optical system such as collimator
optical system 92 inside opticgl property neasurenent
apparatus 90 is to be small enough to be ignored.

However, in the case such 10 as when wavefront

abesdi@l t Don NeASHE eEidn vdd Judtingdred f eCigiian dfS lens elements
perfornmed, the wavefront aberration of only the

| i gbenservitvimy mopt]ed iy Spdmozdy shetrmaBlredat nis performed
advance at an _time before the wavefront aberration

i s Eonpir NiaARF FONP AV FaRt i ash uiddsitteridntotérer lens

onl the I| ht-rece|V|n 15_opti cal stem can be
rea%[}%%ntﬁs TREOR R I 199 W%t?]oéﬁx Y5 ghiefqhange of lens

erm 41 S 1O RLPI B6L | O OPLIEA YSLEMEL, L0 3 pattern

and neasur wavet ront l'on as

deSC“ bed, AME R Eh St IR EﬂngatEr?é %b@'r%ta%lgﬁ of the

which a pinhole’ pattern that has a size large enough
t o pefiet atecai vpherosel c20 ywsreehysidh ah add ONitor optical
illTumnation Iight IL via projection optical system
PL $gsteem a?eths ide heptvicd higyowd r rgamie axga pnadrer. s@fparatus 90
and opening 9la is further restricted by the pinhole
patiert® befsmHd paevehrtpbatignomrath, Weekvesnpln ithg case such
t he wavefront aberration of oj ection optical system

10p 2% EhGRVEr Yot o5 %*B%Waa*i’r%h AYH§§He With higher
[i ht-rece|V|n opt|cal sygtemln%@ront gg%

corfectton valuES Fd fnﬁe( li]ekwe?/\‘/l’se in-or

obt Pi&h*@hleec\f\@i’\%rg%gpt 1@:*%91 59LkeR Mé§/rb@%%s%%l&r 2fYadvance at
dark tcurrent of 5a I's "neasured I n advance at any

ti nenpef ofe reomud ithg Wheeotavehr aptréQtiahel katb@Puted. Such
and when a value (a |um nance val ue) of each pixel,

an mﬁ?%@tomaugedibyimhemdaskremenentfnmyybeheoquhﬁ1ﬂkceiving

Such offset correction may_be performed in the case
15\,meqp*§h%aqu§pyqtem can be realized, by irradiating 1llum1natlon

U‘I

rasci%n of only the

llghtILemlttedfromprOJectlonoptlcalsystemPthJapattern
élate.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
20 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 platé. Then, when computing the wavefront
aberration of projection optical system PL, the wavefront
25 aberfation 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



i mage neasurenent described previously or the like is
5 perforned. Further, in the enbodi nent above, opening
menber 3C is placed on the optical path of
illumination light IL when performing bipolar

illum nation. However, as openQ@g menber 3C, a nenber
that converts the polarization direction of 10
illTumnation light IL into the H polarization nmay be

ar ravegatht i oleafE PO & VIR ak USimiwaine 81 egquioipesich plxel
with annular illumnation aperture stop 6A,

quadr widlseti thusedaby orhe ajperk e rsngpméB, bdi potrgcted. Such
iIlum nation aperture stop 6C,_ conventiona
i | lfrfiasdt p@ﬁrssé@p@rr@axt%p@rgf@ﬁaletdhénmh@ caselghen the pupil

aperture stops for |Ilun1nat|on has been des
howeRAste metarfgl (e SHppded B ST e e qiF &%@dtﬁvﬁ‘t

otherfO natlon aperture stops as a matter of
rse.°Further, for exanple, small a illumnation

haV|ng aF%f%ﬂe%e 8R fﬁéLgﬁggﬁlﬁghﬁ IHlve ! boeAYRl ﬁéhﬁ%r 3C is

| ess t han around e used. 20 Further, 1n

n’thcraaﬁtoraw,ogﬂ%ﬂaq@ﬂ}asofoaeﬂundﬁwﬂcbﬁdllvzghﬁr GIL when

opti cal property nmeasurenent apparatus 90 is

pergeanetn inabignded atlwafestsoage Hbkveigwasespen ey member

present invention is not limted to this, and optica

pr oi¥or tay MR it eppeaEiustion me%@m@tlon of

with respect to_ 25 wafer stage WST. Further, another
1ostddé%mﬁﬁaq%9%ﬂﬁﬂBFéH%lnﬁﬂﬁﬁ?ﬁ%P%%$€%z%¥ﬁ@%W%¥1“3arra“ged

d, and
PP S e ST St LAl Erbpt (3 et iy snoular

SR S 3 T 120, 30 0B, AL

an Hdtaale I SHQYrad Orp i ddoMey ef 11 @i L orf [dpeaudenscop 6C,
may be used instead. In this case, since the

| ntersidnyt iafist ri buiniom ofor igidrtsour cecdpegesnd the like as
further uniformthan

15 aperture stops for illumination, has been.descrlbed however,
the exposure apparatus may be equipped with other illumination
aperture stops as a matter of course. Fufther,_for example,
small o illumination having a o value of illumination light
IL equal to or less than arocund 0.4 may be used.

20 Further; in the embodiment above, the case has been
described whefe optical property measurement apparatus 90 is
permanently arranged at wafer stage WST. However, the present
invention is not limited to thié, 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 may be placed on another stage.

Further, in the embodiment above, fly-eye lens 5 is used



the case fly-eye lens 5 is. used, it becones easier to
extract 5 each pixel corresponding to the light source

i mge. Further, as the optical integrator, an

internal reflection type integrator (a rod integrator

or the like) can be used, and J,n such a case, its

virtual image is detected as a light source imge. 10
Further, light source 1 of the exposure apparatus in

t has anbogt real aboyeraisonot Hdwdviedd tomacpdl Seg-eye lens may
ultraviolet Iight source such as an F2 | aser |ight
soureceiseah i eexci nén khser cabeghtinoar the andeasKeF

exci mer |aser light source, and an extra-high

pr @blsirrrelh%rl&mv | éﬁfﬁhfihéPuéﬁ?tSm%\%e%m%sﬁW §manfform than

as ne ngth: 436 .n or an i-li
(o é?ﬁé?h £y 3868 e ST oP Do Ao DRCOTR SafaF { FE o0 grtract
harm) yPlxe cor ggfepb néjlsed thﬁllxelll %bct OH%(d.ebJYH":l%%e. Further,

an‘pﬁ Cf Sin vvave aser eam |

' nfarsartq{:!a QY t\fﬂc%lbll%tre%'}gaecoerm ttneq.nl%)ér%aqF§eflbectlon type

sen1conductor laser or  fiber laser, with a fi
anplridd @ratz} depaddMiinte Jraft aXawlhtee arieymdzer Rotlsed, and

erbiumand ytteribium , and by converting the
waviel enghhe icate, ult s aniiraluetl inghe issdagecaedord ankaght source
optical crystal. In addition, the. magnification of

t helngsi-ection optical systemis not linmted to a

reducti on syste and an e uaI na ni f stem or

10rrangni tyi ﬁgl stgget i%% RS R TieRtd fbpRaacud in the
enmbo 0 e c of .a ,scannin XpOSur e.
R he s S8 Ys escr.Eealtﬁgm%%er bl¥Red pERtafiotet 1ight

' nVsE‘c!Uf&-:n s%%‘% e apRd,i 4P AL E@RRSWE BRPREAtUS iner laser

conpri sing prOJectlon optical system’regardl ess of
typesf anpaiat usmda ek as rddie 1siep- angtepeaince, and an

the step-and-scan, and the step-and-stitching. The
us age- e - Itilgh exposwre mpparayukams thett krditsedntgnission line
15 suchasag-line (wavelength: 436 nm) or an i-line (wavelength:
365 nm) can also be used. 1In addition, a_harmonic wave may
be used that is obtained by amplifying a singlé—wavelength
laser beam in the infrared or visible range emitted by a DFB
semiconductor laser or fiber laser, with a fiber amplifier
20 dopedwith, for example, erbium (or both erbiumand ytteribium),
and by converting the wavelength into_ultraviolet light ﬁsing
a nonlinear optical crystal. In addition, the magnification
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, 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



the exposure apparatus for manufacturing

sem conductors, and 5 the present invention can al so

be widely applied to, for exanple, an exposure

apparatus for liquid crystal that transfers a liquid
crystal display device pattern gnto a square shaped

gl ass plate, and an exposure apparatus used for

manuf acturing organic EL, thi.n-fil mmgnetic heads, 10

M Ry e N -HPSPedte dHK et dgr aadiisida®y), ainfde the
present invention can also be applied to an exposure _
apparagdtend-dtdtt diriansf ers a circuit pattern onto a

gl ass substrate or a silicon wafer, not only when

produci n§he gsedevPEeshsuBKPO BB 6 crpRVARILES OFS dei dd@ited to
but al so when producing a reticle 15 or a mask used in
exﬁ&?ﬁ?épﬁﬁﬁéﬁa%ﬁg%ga%ﬁ%HkﬁéméﬁuSBFFEéPngé%ﬁB§ﬂ? uctors, and

SR Pl ST Al o

throf&ﬁﬁih §ﬁpk%ﬁg%#%% stI%%1 a step Qﬁ%ﬁfkﬁ!gg{al that

f urtcltarcwegesr qulr@ﬁcosCQ%tQD dl%%l%fy dePRYd pEtEErn onto a square
performed; a step where a reticle based on the design

St ehdedragid actplrats, aarst e wWheses ravafpradatus used for
manuf actured using materials such as silicon; a step

wheranu e gatt gt drogareids @t a thetn-of ieln gnagreisifce hregdls ,
onto a wafer by the exposure apparatus of the

10e Nl TRAFRCTHET 1 P BHWRS OarztaheueWtee a§§eﬁﬂ‘fj§‘t§98p the

15

20

25

(includ

roc a _bo process
DRI SRUERESP T AI3Ei R BPdg S dor e T s kY arbaratus
IN%TBI répféilwlél Yllq,s Ascérgh %q%'ab %% fs‘fi'nrb’strate or
the optical property measur ene
optd cal1 HAPerd e MEasIH g} WwRIhQd Rfudihey nﬁrc%%tmces such
i nvention are suitable for measurenent of optica
pr operdenes:cofduart aptderdlcesy sbem b bdsbewexang metlciang a retlcle
t he

nt "appar at us “an

or a mask used in exposure apparatuses such as an thlcal
exposure apparatus, an EUV exposure apparatus, an X-ray
exposure apparatus, ér an électron beam exposure appafatus.
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 usiﬁg 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 brocess, a bonding
process, and a packaging process); inspection step, and the

like.

INDUSTRIAL APPLICABILITY



5 exposure apparatus and the exposure nethod of the

present invention are suitable for a |lithography-

process for manufacturing sen conductor devices,

liquid crystal display devices and the Iike. Further,

the device manufacturing nmethed of the present

invention is suitable for manufacturing 10 electron
devices. 64 Wiat Is Cained Is: 1. An optica

pr oper t y ABEBS deereibedpparatry st idapt iraaShr @Se 0Py mealsurement
properties of an optical systemto be examned, 5 the

ap pa@patnes usorpdi shagptbard npirdgece yopersakesgsteneomod of the
which a light via the optical systemto be exam ned

i s BneSieddn LNVt cgle @Mlttah%@t fiegs Mg afsuremegyst iafaloptical

system that converts the |i i nci dent on the

i nar@a%etl@a iotal2ls P&Ydnd 11 ¢ Sﬁ_‘tecg‘ s f%es memd the
I| |n order__to.neasur fir t| I r

>aminytie ostrelt BB e it sysl%e ggesent

be examned ﬁ%g A1%8eAnd ptiLal; tsh\(ﬁgt H&rocess for

converts the ht 1 ncident on the I ici dence optica
SY @M ddth G ik F eepndorBasbeneayibeght 11 gudd defydtal display
nmeasure a second 15 optical property anong the optica
pr ejeeritdees aofd tthee dptkecal Fusybtem tbebdegiari medufagtiuring
a photodetector that receives the first neasurenent
| i gitthord phRet e pors emtasty erehen |igRuitebleof o mpoufacturing
The optlcal perty measurenent apparatus according
10t o &g 4%%%Qﬁ§' conprising: a placenent unit that
alternatlvely pl aces the first optical systemor the
second optical systemon an optical path of the Iight
via the optical systemto be exam ned. 25



3. The optical property measurenent apparatus
according to Caim2 wherein the photodetector
receives the first measurenent |ight when the

pl acement unit places the first optical systemon 65
the optical path of the light y,a the optical system
to be exam ned, and receives the second neasurenent
| ight when the placenment unit places the second
opWitat DstClmdmeédieIentical - path of the light via
the optical systemto be exanmined. 5 4. The optica
property neasurenent apparatus according to Claim3
further conprising; a conputation unit that conputes
i nf or mat ilon 2| @PEHCRS PIRARCFIY sSTedpEiedPpraprerytes that

the optical systemto be exam ned 10 or. i nformation .
" eSPRN S PRbL Set GrAPEEEERI O pROSBYTY f SYRESB A kg pxamined,

sy j . d on a light-receiving
5reé%ﬁ?k%%ﬁgﬁgﬁgﬁg%bgéféc%%f._5. The optical property
neasuren%&tiﬁg@@@g&@soﬁgqg@qlggstgﬁ bR Gh%bﬂ‘ﬁ|W@%ﬁ%'Qia the

the conputation unit conputes the first optica

praparitdal Gfydten At imeale:gisireim tie evcaxrmtned based

on a light-receiving result of the photodetector, in

a state wheogttilve 1f undtt apkitchlas syStiesti sppliasédsgstem that

the optical path, and conputes the second 20 optica

pr SPETMar tf thige Léghitcancsgsnbndt ot ioxcidansse ippddgal system

on a light-receiving result aof the photodetector, in a _,
10t drg-o %né?efstthé‘e?esg’&r’?@ed‘&t ild@h tsydt &hdes frafEGsyre @ first

t he tjcal ath. 6. The tical. propert asur nt .
o) q.pjtcacl r% e itﬁ/gam%%gtt‘%?edo I%I’%]é%,l EaPP%é?‘fes ogrﬁne optical

appé}a Us™ accor ( _ _
CoOngyd+:mM&o 32 Qldnfidle SYSIRMA NI Aot ithe Id@lem that
incirdent on the incidence optical systemto thé first
optddiate reStt@@ aAghal $Acident on the incidence optical 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 examined; and

a photodetector that receives the first measurement

light or the second measurement light, or both.

20 2.Theopticalpropertyn@asurementapparatusaccording
to Claim 1, further comprising:

a placement unit that alternatively places the first
optical system or thé second optical system on an optical path
of the light wvia the optical éystem to be examined.

25

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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to the second optical system 66 7. The optical

property neasurenent apparatus according to Claimé6

wherei n the photodetector has a first |ight-receiving

area that receives the first neasurenent light and a

second 5 |ight-receiving area that receives the second
nmeasurenent |ight. 8. The optical property

nmeasur enent apparatus according to Caim1l wherein 10

t heeHd regit @il galt hprodpertiey liigha pdlaantihzabipan catlatsgsaem to be
the light via the optical systemto be exam ned, and

t heXamigtedopeindalresysvemtie secopd nahssysmentt haghttarhen the
extract a polarized light in an arbitrary direction

i nAlFFEReIthurhk RIS the IereshbePéaradysieign enpehe optical
exam_ned. 9...The optical property neasurenent .
appaEt o j‘?@or]di% ‘}tol(? cﬁ%aﬂ MRS WAy 147 4 to be examined.
conmputation unit measures a polarization state of the

light in areas within a light-receiving surface of the

20 phot odeteed e ttihal %‘fﬁp&?@ﬂ/ H\%l%ts%r\éfimteti‘ltaa Aradid 3éc|cording

of different areas wt a pupil plane of the optica

sysiemilanh e, examdrsd; cdasadiony:l i ght-receiving

results obtained fromthe areas. 10. The optica

property aneaspueaentn appdr ahas &on@acooy dnfigrinetChaimBated to
wherein the first optical systemincludes a _
polt&ys Zarpbpridainl BpPPEFEY odnEihe cprdraadr s wabem floghe examined
that rotate relativ each other around_an

ly to
optiTcaP ERXTE 4P FELPFGRt E311% REBPE BRF LoS)RERREELY OF the
beé?%¥95¥“¥y§¥ém to be examined, based on a light-receiving

result of the photodetector.

5.Theopticalpropertyneasurementapparatusaccording.
to Claim 4 wherein

the computation unit computes the first optical property
oftheppticalsystemtx:beexaminedbasedcn1alight—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 sysfem to be examined based
on a light—reéeiving 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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11. The optical property neasurenent apparatus

according to Caim1l wherein the second opti cal

property is wavefront aberration of 5 the optical

systemto be exam ned, and the second optical system

i ncludes a wavefront dividing optical element that

di vides a wavefront of the light via the optical

systemto be exam ned. 10 12. The optical property

measur engntTiappaitatds pASsor ty hgakaréhanm ddpadet s According
the second optical systemis placed in the vicinity of

a plcand ailmate whegerijrugate with a pupil plane of the

optical systemto be exam ned. 15 13. The opti cal

pr oper t y thearue ep@ditealppaiasus fidedoddph§recel¥ipgigrea that
wherein the %ptic_al unit further i]as a trapnsmttin

sedtSET aTattne fafsih Fe e gt WY Re o ft iSéaen

System L q he 1430 ned,, 20 and Lhe conput te'coorlllcfﬂ‘let surement
conpl?tes g third oﬁtlcal propercty anong the op i'cal
prqplﬁhtg.es of the optical systemto be exam ned based

on alight-receiving result of the photodetector, in

a state where the transmtting section is 25 placed

on the optical path. 14. The optical property

measur em8ntTlappartdtas pacger dy mgatsaréhaenm d3paheres mccording
the third optical property is infornmation related to a

68 tpdidinpllandiegfeitrhe optical systemto be exani ned

or information related to a plane conjugate with the
pupi | pl &h€, TorshoPRt1¢81 RRePBpEY chf fbrf%ﬁaléarliﬁ/zatlo“ state of

”e§§%§?ﬂ§§ﬁt %HEFQﬂﬁéh%ptical 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 différent
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.



5 according to Claim 14 wherein the third optical
property is a nunerical aperture of the optical
systemto be exam ned, a shape of a pupil inmage,
position informati on of the pupil inmage, or an
intensity distribution of the 6o]upi | image. 10 16. An
optical property neasurenent apparatus that neasures
optical properties of an optical systemto be

exam ned, the apparatus conprising: a polarization
measur enent instrunent that neasures a 15

pol ari zatlilan T$ieatoptdfcad Iprginte ntiva melaes uaptienal appstramus

to be exam ned; and an optical property neasurenent

5

i nsteammehitng Han Clvelas ur edheateireast one opti cal

property anong the optical properties of the optical |

syst em t & 5e SELQRANGEE 1 201 17 OPRE YoitSi Har e pFeperalerration of
measur enent apparatus . according to, Caim16 wherein
AOTE (0 T N B (es B G o i by

exam ned,,.at . Opt | r i C i 4
55 aber r atthlaepﬁleggrci%ihcg{@lo c?é)l s&@l‘ceﬁ Prp@]mc}'%é 3 N\Q\ygff dividing
o g AP eale k! PREELY: PRASSILENBDE FRBRAIGE Whe light via the
according to aim1l17, further conprising: an

I NnchsieNe] opfdteah Sy e amiech a light via the 69

optical systemto be examned is incident, and wherein

G-cd™

stemto be

ptical systemto be exam ned.

the pol arizati on neasurenent instrunent has a first

optical systemthat converts the light incident on the

10j nci dencel opthihdal OBiistaEdmRIRRS LE f eSS YRR e f@RA LAt US

15

20

25

light, and 5 a phlotode{ector that receives the first
measdur 91§YHrtatm

1 whereiln
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.

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

theopticalunitfurtherhaseatransmittingsectionthat
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 resﬁlt of the
photodetector, in a state where the transmitting section is

placed on the dptical path.

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

the third optical property is information related to a



19. The optical property neasurenent apparatus

according to Claim 18 wherein the optical property

nmeasur enent instrunent has a second 10 optical system

that converts the light incident on the incidence

optical systeminto a second nQ%surenent light, and a

.phot odet ector that receives the second neasurenent

light. 20. An exposure apparatus that projects an

| MgaR 10f p Band D PF RERYRIIHNEEy Pabh @I bORxAmined or information

phot osensitive object, the apparatus conprising: an

I | Ins#liatadd e appileak systeguthavithl ting naiesl tdiemane, or both.

predeterm ned pattern with an illumnation light; a

projection optical systemthat projects the 20

illumnation light via the predeterm ned pattern on

the photldseddier OPE 168jle PLOPS Iétya §€ ASHECTES Fp BPPST Ate

optical property nmeasurenent .apparatus according to
5%3?%1%“@{‘%% e gﬁg“%eaﬁ?dugn adj ust ment mechani sm

Fhat ?dl%%kstﬂ@ gpgkgéka rﬁ?SFE¥ty2§ 9£ ﬁﬁm%rica% aperture of

i I'lum nation opficaf System or an op§|ca property of

the i QeqldaansgREERAL o Sb(ét&{BmiQ{e@,OtahshQ?%eng&‘ phpil image,

measurenent reSult of the optical property

measiy e apeareitison 2 tHhe expdsume@pparatdss intensity

according to Claim20 wherein 70 the stage is an

objdEictt sittagel drhatf hdledpuhiel iplesgensensi ti ve obj ect.

22. An optical property nmeasurenment nethod in which 5
10optical properties of an optical systemto be exam ned

are neasured, the nethod conprising:. a first process

in which i®-f i%top&p}ﬁaémpr&%ggryt Feﬁ%bwgem% FRFTE4Us that

ﬁ;grgeﬁa:%d ;ess 8{3t£ggl %%toip%%lt ise%55§@ntgppfc§f§@s@%gl tci Be examined,
the apparatus comprising:
a polarization measurement instrument that measures a
15 polarization state of a light via the optical systém to be
examined; and
an optical property measurement instrument that
measures at least one oﬁtical property among the dptical
properties of the optical system to be examined.
20 |
17. The optical property meésurement apparatus
according to Claim 16 wherein
among the optical properties of optical system to bé
examined, at least one optical property is wavefront

25 aberration of the optical system to be examined.

18. The optical property measurement apparatus
according to Claim 17, further comprising:

an incidence optical system on which a light wvia the



10 a second process in which the first optica

property of the optical systemto be examned is

adj usted based on a result of the measurenent; and a
third process in which a second optical property anong
the optical properties of the qgtical systemto be
examned 15 is neasured after the first optica

property of the optical systemto be examined is
adjopstied]l 23stEfe tepleCalxaprioper iy neasdeafenandevhedein
according to Claim?22, further conprising: 20 a

fourth ptbeepsliemiwhitéhnt heasscendnoptinesupeopehay a first
of the optical systemto be exam ned is adjusted based
on @t icadylsty séem Rdaresouverdst theq 1iphé gpcilggnt on the

praoperty neasurenent nethod accordin 25 to Caim.23
b aPEReiTe RECCAsE EHEE T At gt § LARE It I Set e, and

tob ifferent | i.ffer r it hi.n [ .
b PR By LA B8 LTy aBBthenc 1igne.
optical property neasurenment nethod further 71
conprises a fifth process in which a |ight-receiving

surface 10f anphepedetectebpesth acadursmaneaspphahtus
are conjugate with the different areas respectively,

ancddver diingsttcogtliacal 18pmdyeeretiyn of each area i s

measured based on a light-receiving 5 result obtained

from t he theRidetak PEPLer2y Mok UBERSr enaeFWoent has a second
conprising: a neas renent‘ProceE%% n which an

107 1SR G ST GART SRTERTEhARS IH@Rmarés dgnt on the

pr e:Lqieéi% rHc%eg ?E:gfrsn sv% tnl? i%r%ﬁ)lz? sielclol‘rlmrcgi rﬂ?gisone%ieg]gtlfgrht, and
a projection optrcal”systemthat ~ projects the

illdJEh%%EB%EeEE%QFtKBQ LQ@ePG@gQEﬁ%rgé?%ﬁupﬁkﬁﬁﬁjfeﬂeﬁtalight.
phot osensitive object, or both is/are nmade to be an
opti cal
20. An exposure apparatus that projects an image of a
15 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
20 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 19; and
anadjustmentnechanismthetadjustsanopticalproperty
25 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.

21. The exposure apparatus according to Claim 20 wherein



systemto be exam ned, and an-optical property of the
illumnation optical systemor the projection optica
system 15 or both is/are nmeasured using the optica
property neasurenent method according to any one of
Cainms 22 to 24; an adjustnent.ﬁ;ocess in which the
optical property of the illumnation optical system
or the optical property of the projection optical

system @hebeith des/iar @radipdeiced sisigeg tha@ @olesultheof

t he neasurenent; and an exposure process in which the
phattoserssrts ivel b jadctecti.s exposed with an i mage of the
predeterm ned pattern, after the adjustnent. 25 26. A

devi ce manufacturing method including a [|ithography
process wherein in the |ithography process,

i s fornmednfd O@Hic@sleﬁéoﬁe\}fé B]eé‘étu’ﬁelmetnﬁe“@glﬁgurl@ which

nEth%icé¥xgég é&g' CH?%H 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 éptical

system to be examined is adjusted.

23. The optical property measurement method according
to Claim 22, 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.

24 . The optical property measurement method according
to Claim 23 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
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71

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.

25. 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,
orbothis/areneasuredusingtheopticalpropertyn@asuremeﬁt
method according to any one of Claims 22 to 24;

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.

26. 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 25.



