;e3e]L] 6 TL EXPOSURE APPARATUS AND EXPOSURE METHOD CAPABLE OF CONTROLLI NG
| LLUM NATI ON DI STRI BUTI ON BACKGROUND OF THE | NVENTI ON Fi el d j‘wm’wmﬁw mm”m l,

I nvention: The present invention relates to an exposure appa

exposure nmethod to be used in order to transfer a mask pattern orbs@sea
substrate through a pré ection optical systemin the |ithography step for
produci ng, for exanpl e EXFORUERh AFESRATRI AR EXRGHRE MEEHEQAD|  di spl acenent
el enents, plasna display elenents, or thin fil mmagnetic heads. In

particul ar, the pF@é’éﬁﬂLﬁi Weﬂqmqléiﬁi%§ﬁwwlﬁ&gﬁ%&@%}ﬂ% and an
exposure method capable of controlling the distribution of illum nation
generated by an illum nation systemautomatically or precisely. Description
of the Related Art: In order to respond to the inprovenent in the degree of
integration and the degree oBPAEKGRAVNB OF THE SHMENGAQNctor device, the
exposure apparatus, which is in charge of the lithography step
(representatively including the resist application step, the exposure step,
and the resist devel opnment step) for producing the sem conductor device, is
required to Fuel&erfebhantevehbiorxanpl e, the resol ving power and the
transfer faithful ness. In order to enhance the resol ving power and the
transfer faithful Besspusserscinventabnveelatesstaesnseapysuhet apharatus
wavel engt h of the exposure |ight beam as the exposure beamis shortened,

t he proj ectiandom i esposyseenebbhodngoabkangednineprdar tpetransefes ased,
and the exposure amount is controlled highly accurately in order to expose,
wi th a propenagkppatteranonnt, at febphoabeethsbughphi pdogacthenwapeicad t he
substrate. In order to extract the inage formation characteristic of the
proj ecti on opysteam systken 1othberaphytstept har phedegpogur foanexnampis,
controlled for the photoresist highly accurately, it is necessary to
optim ze t hesehicondattion epements sytiguidocagstaledliaptecemnent! | unmi nati on
characteristic of the illum nation optical systemfor illumnating the
reticle as tékemesks i phashe éxpplayeelembhtbeaorathiar fatmpmagnbtéc The
adjustnment to optimze the illumnation optical systemof the exposure
appar at us hasedden hinhpatvielador nkblei prasentdancentibh rbedatek| bwi ag

st eps.

exposure apparatus and an exposure method capable of
controlling the distribution of illumination generated by

an illumination system automatically or precisely.

Description of the Related Art:

In order to respond to the improvement in the degree
of integration and the degree of fineness of the
semiconductor device, the exposure apparatus, which is in
charge of the lithography step (representatively including
the resist application step, the exposure step, and the
resist development step) for producing the semiconductor
device, is required to further enhance, for example, the

resolving power and the transfer faithfulness. In order
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(a) An operator neasures the illumnation characteristic (for exanple,
uneven illum nance) of an adjustnent objective of the illum nation optical
system (b) The state (for exanple, position or angle of inclination) of a
predeterm ned optical menber is adjusted by using a driving unit

corresponding to the illum nation characteristic on the basis of the
obt ai ned rekdl ENBRNERetABaLEFRNEART BRRCH PRANEPENBEARSEBHCerning this
process is 2 set _so that the illum nation characteristic is inproved as

far as possfBiEhbyleeefedfi A§SERePERt RbaVededtghSvBPGESEArYhENBESERBSOf t he
experience of the operator. (c) After the adjustnent, the remaining anount
of the illuvpviairbatkhafatheresppeure higBhr gaBgaFnthef eKRespERabPAAMg
anmount exceeds an all owabl e range, the adjustment is perforned again by the
aid of the #¢ivhagtened, thy presdecthencerpiedlofystemhbagdpdsantarget he
final state (optimumstate) of the optical nenber is stored. The adjustnent
steps as deBemebégahbapertneer épeused, f apdehpyekppapraatMonnEhabact eri stic
of the adjustnment objective for each of a plurality of illumnation

condi tions €entretdedhhighlynanruratelyf inherderr 89peKpPAg, opitbal menber .
When the illum nation condition is switched, the correspondi ng optical
menber is sproperbexpesuhe apountm thatphetepesistehpplAsddencthbed above,
the adjustnent for optimzing the illumnation optical systemof the
convent i onavaéepoasr thappubatuataas breorgderf bonedtbacththepaémager, for
exanpl e, when the exposure apparatus is assenbled and adjusted and when the
mai nt enancefosmatiénr obdracbervst icwhénthhepopgeatdonpepticad shetem

adj ust ment, an inconveni ence arises such that a long period of tine is
requi red totpetherhimht adj thahebhe Eypobere amounstnésesentyolldeddifast the
illumnation optical systemfor each of the plurality of illumnation

condi ti ons.tBe photoresist highly accurately, it is necessary to
optimize the illumination optical system so as to enhance
the illumination characteristic of the illumination optical
system for illuminating the reticle as the mask with the
exposure light beam as far as possible.

The adjustment to optimize the illumination optical
system of the exposure apparatus has been hitherto
performed in accordance with the following steps.

(a) An operator measures the illumination
characteristic (for example, uneven illuminance) of an
adjustment objective of the illumination optical system.

(b) The state (for example, position or angle of
inclination) of a predetermined optical member is adjusted
by using a driving unit corresponding to the illumination
characteristic on the basis of the obtained result of the

measurement. The driving amount concerning this process is



Therefore, the overall adjustnent time is fairly prolonged. The tine
required for the optim zation is also affected by the degree of skill of
the operator. Therefore, there has been al so such a fear that the
adjustnment tinme is further prolonged depending on the operator. Wen the
states of a plurality of optical nenbers in the illum nation optical system
are required 8¢ e ddjalsttdre iklyminadelans GRaKar IRk EiG | 1§ oMKV €3S t he
mut ual influence caused by the adjustment as well. Therefore, the

adj ust ment stf@is afaROSfEidn @iy RN ithe abtitplddesidedvabywent he
adjustnent for the conventional illum nation optical system has required
the conpli cattdte dragiss i drhe aeper ienge pef i e afperator Therefore, for
exanple, it has been difficult to performsuch an operation that the

al l owabl e | evel of(@) prddetertiacd judtumdmat i e oferain g saneunts eharhed
depending on, for exanple, the required accuracy for the device to be
produced. Furitllamirfadriagx arhd mpcttehel shmay eirs indasnrechcegaint hel £ [ then nati on
characteristic is changed in a time-dependent manner, for exanple, due to

t he cl oudi nes=mfiniregy gdwe! emrdsats ian tdlelawdhing neangs, opte cadjwsysnemt and
the deterioration of the saltpeter material in some cases. However, in such
a case, it has lpEarfainfdd adain doy ttiee o entt itdral daidy sy memit net hod to
make qui ck response. 4 The uneven illum nance is principally divided into
t he uneven il | um nahce amfitieah tilee acangd et symmet rihoml adydstemersipecthé of ireel
optical axis (centro-symmetrical unevenness), i.e., the quadratic
function-1i ke tatey gropasispunarst dtee) 0 |4 rsatomni cale wenisess is stoxdd  he

illum nance is gradually increased or decreased in the area across the
optical axis, i.e.Thd ljustesmt wicipsorad idesamndwshrdssve |dre Srawerssdr y

t hat the uneven illum nance as described above is corrected highly
accuratel y i rdheveryhaddnalitamiali redcdraorntser istire afischeofad hestment fi el d
exposure type exposure apparatus such as the stepper. On the other hand, in
t he case of tdbgjesxtaive ripreqaedurcef tay pel veedaisty eofpddnatisatsimm as t hose
based on the step-and-scan system the uneven illum nance in the scanning
direction is comliagierhshcd et catarthen @exiposu ret atperaf | tdre toosredpaend 2xg ent
that little problemoccurs. Therefore, it is required to especially correct
t he uneven i |dptniicadnaeenber.he Whesn sdsnni dogindimaactororeqret preish cid ar to t he

scanning direction highly accurately. The uneven illum nance has been

hi t herto cor rsditethed) ahd ey esgsaniing dptidu] anagilserp 0 Psteded even ed

| enses in the illum nation optical systemin the optical axis direction, or
by driving thheyropipimin Istades rsgdottivdiey tilt angl e about the two axes is
changed. In general, the situation of the uneven illum nance differs

dependi ng on t he Ad wedstatiibenl adbalid, dthe Esphpretaldnt fior tdet oebseind the 5
centro-symetrical unevenness, the degree of concaveness/convexness of the
i1 1um nance iidlaiamged coo ropasipaldisys tem tdfe s ngenwdnt imnabsexpasutdr ough
which the light flux passes in the | ens group dependi ng on the nuneri cal
aperture of tappararumsurbad ibgen pearfidirddibnatieorogeitiobeair Shanslea) e,
for exanple, as for the lens group as the adjustnent objective, the optinmm
position is mwhen absd \exposad fappaaatusofid s ddnbidandndimsidéd cned and
the lens group is driven to the optimum position every tinme when the
i I'I'um nati onwhendittheoma i teanged. i sA perefioamstn i s known, in which the
cl oudy substance

However, when the operator performs the adjustment, an

inconvenience arises such that a long period of time is
required to perform the adjustment. Further, it is
necessary to adjust the illumination optical system for

each of the plurality of illumination conditions.



adheres to the surface of the optical elenent when the exposure |ight beam
inthe ultraviolet region reacts with a m nute anount of organic matter
contained in the gas existing around the optical elenent. Usually, the gas,
fromwhich the organic matter or the like is renoved, for exanple, through
a chemcal filter, is supplied to the surroundings of the respective |enses
of the il | uRhSXGLOF Soptilealovgraldmashinstmend 4jidg iigh Tt loaPEaAqngRd -
However, when the exposure apparatus is used for a |ong period of tine,
then a sligfteardint &A% EiSEr td\ﬁgé}ﬂtcl“hleﬁacte‘@brlédélsl%/ Fifadedk ¥ he
cl oudi ness of the lens, and the centro-symmetrical unevenness, in which the
i 11 um nance the deggiesd ofs sddildl 1Qf dihe pper@harnl Jhenefierg s Hnng ihas
advanced in a tine-dependent manner. In such a case, the operator has
adj ust ed t h&egdsiatlisen sgich ive fear ddpdndihg @l Just@entytdme dgaifurtdeendi ng
on the degree of advance of the centro-symretrical unevenness. Further, for
exanpl e, wherolleageshidependimg orcdheyrepearateys i s extrenel y advanced
during the process of the use of the exposure apparatus for several years,
the lens group a¥heme tdd wates odhjae@linraliittye|df ioptaaaiamembenis him | ens
group having a strong effect of correction in sone cases. As described
above, the deydd iumimatianc epdficale sysrhesntanm ademupsslrte dgpar at us has
been corrected by controlling the tilt angle or the position of the
pr edet er m ned juskedgr dip disnclamtisspnyhded emnshiadamg fow entamipl e urbhe ur e
(refractive power) in the optical system or by exchanging the |ens group
wi t h anot hemut@asd dndlumendeneaarsedmign tilte iasl jusitanesdd aso wedrr.ect t he uneven
illum nance by driving the |l ens having a certain curvature other than the
flat pl ane, Thieeefoirfegr rhihtey agl) ustamendh esterpee Haant dregna exctinemjelof t he
illumnation light beamis occasionally deteriorated in the illum nation
area on t hecpeapildlcatasl.t he nask, and in the exposure area on the wafer as
the substrate to be exposed. When the uniformty of the a value is
deteriorated i n Rsedesgoddree abesegs ties ad justreehdy forarthienconveni ence
arises such that the line wdth uniformty, which is the original object of
t he suppr essoaweantt ipna lunddeminatimmaaptd.cals sysiem hasOrddue medartheéhand,
if the correction amount of the uneven illum nance is set 7 so that the
det eri or at i compfl ichdednistteps thich ttaken avdlongy ipersggbrods deithe.a |imt
appears in the line wdth control accuracy. Especially, in recent years,
t he desi gn Fhlerefsranddfiod lexampliedt it difast heee middndwditort dedanferirecones
finer and finer year by year. In order to further inprove the line width
control accesnebyani bpesxaddmannddett dhedeadllowadd eeXpyslr @fret hod whi ch nakes
it possible to inprove the uniformty of the exposure ampunt distribution
wi t hout det priededeirmgnede iddiindmaittiypnofchialracd erdlstd.c Tiskiahgndes f or egoi ng
vi ewpoi nts into consideration, a

depending on, for example, the required accuracy for the

device to be produced. Further, for example, the uneven
illuminance of the illumination characteristic is changed
in a time-dependent manner, for example, due to the
cloudiness of the optical member in the illumination
optical system and the deterioration of the saltpeter
material in some cases. However, in such a case, it has
been difficult for the conventional adjustment method to

make quick response.



first object of the present invention is to provide an exposure apparatus
whi ch nmakes it possible to correctly adjust an illum nation optical system
for a short period of time . Further, a second object of the present

i nvention is to provide an exposure apparatus which nmakes it possible to
substantial ly automatically adjust an illumnation optical systemwhich is
capabl e of maki ng @ (Ve dPiupiqanae dfs inying imalloh dorigled gixto the
Further, a third object of the present invention is to provide a nmethod for
efficiently USiGY§NsddH UWH-NSRSEs WL Ghpdr avtis ld symeatoeglorwigrlbduci ng a
hi ghly accurate device based on the use of such an exposure apparatus. A
fourth obj ectresPecte Yoy dh@nonticadt agrs sl aantgicodymnest isglosur e nmet hod

whi ch makes it possible to inprove the 8 uniformty of the exposure
amount di st r uBgviesRagisthout- esubdthentqualdnatdet drinsrtditamd ke undvenmess), of
the coherence factor of an exposure |light beam A fifth object of the
present i nvedmdofhies inelgnakiigm anevgromase igppdriathushehiichlumikesnde is
possible to carry out the exposure nmethod provided in accordance with the
fourth obj ecgradugilliyh imisjiregisest arhelgomessrad iinvaltd araas aargesowie a
met hod for producing a device, which makes it possible to produce the
devi ce with eptiigall axdsw dt.le.qorttheoll iacaur doayndibyi ansiliige hmessgromese. net hod
according to the present invention.

It is necessary that the uneven illuminance as described

above is corrected highly accurately in the orthogonal two

directions in the case of the full field exposure type

exposure apparatus such as the stepper. On the other hand,

in the case of the scanning exposure type exposure

apparatus such as those based on the step-and-scan systenm,

the uneven illuminance in the scanning direction is

averaged by the scanning exposure operation to such an

extent that little problem occurs. Therefore, it is

required to especially correct the uneven illuminance in

the non-scanning direction perpendicular to the scanning

direction highly accurately.

The uneven illuminance has been hitherto corrected in

ordinary cases by driving a group of predetermined lenses

in the illumination optical system in the optical axis

direction, or by driving the group of lenses so that the

tilt angle about the two axes is changed. In general, the

situation of the uneven illuminance differs depending on

the illumination condition. Especially, in the case of the



SUMVARY OF THE | NVENTI ON According to a first aspect of the present
I nvention, there is provided an exposure apparatus for exposing a second
object with an exposure |ight beam passed through a first object, the
exposure apparatus conprising: an illumnation systemwhich is provided
with an optical nenmber and which illum nates the first object with the
exposure | i gentpeagymagtiricad naevennessdi thendegreehiofg syst em which is
arranged in the illum nation system and which switches an illum nation
condi ti on ofonpnaverpssdcenveghessegd thed idd vadinasciend ss ghaageshi ch adj usts
a state of the 9 optical menber in the illunmination systemin order to
control an rcbruespandangcher &beechange off itthe iposufiloat ithurongdt amiddpendi ng
on the switched illum nation condition. According to the present invention
as descri betihebdightwiidnxt pasiskelsuinnd&hieod ensndiroupn dependiinghed whieh t he
numerical aperture of the exposure light beam (illumination
light beam). Therefore, for example, as for the lens group
as the adjustment objective, the optimum position is
previously stored for each of the illumination conditions,
and the lens group is driven to the optimum position every
time when the illumination condition is changed.
A phenomenon is known, in which the cloudy substance
adheres to the surface of the optical element when the
exposure light beam in the ultraviolet region reacts with a
minute amount of organic matter contained in the gas
existing around the optical element. Usually, the gas,
from which the organic matter or the like is removed, for
example, through a chemical filter, is supplied to the
surroundings of the respective lenses of the illumination
optical system and the projection optical system. However,
when the exposure apparatus is used for a long period of
time, then a slight amount of remaining organic matter
gradually increases the cloudiness of the lens, and the
centro-symmetrical unevenness, in which the illuminance is
lowered especially at the central portion, is sometimes

advanced in a time-dependent manner. In such a case, the

operator has adjusted the position of the corresponding



illumnation condition-switching system the state of the optical nenber
(for exanple, position in the optical axis direction, position in the
direction perpendicular to the optical axis, and tilt angle) is adjusted by
the aid of the adjusting system depending on the illum nation condition
after the switching operation. Accordingly, the predetermned illum nation
char act er i st}enHfIEPRP | 2JUHR nATRPNIIRG PR clbe hdegrP’t @bt pdyayce of the
automatically controlled to be in a desired state for a plurality of
i |1 uni nat i orCedHertSHHBe tekPRE tYRRYSNNGHR. adf WEERAE, sTRF eP¥ABPLE ncVheR a
driving system which noves the optical nmenber, and a control system which
control s thethl i CemEreySYRReHelenti WREHRNRPES sif t eXeEene] vinfdvenged
condition. In this arrangenent, an exanple of the predeterm ned
i 11 um nati ordehiRacEke iRYoced? ehethe msatobntlad| exposurat appasatuvpefor
uneven il lum nance of the exposure |ight beam and a col |l apse anount of a
tel ecentric peopeal yvéaxs ecemerlens yrofiptae ehpozdiestnght oeiectBoeh of
them are extrenely inportant characteristics to obtain a high resolution on
the second objself Fwrexchanged iwitlesarbéne ghenpthevinguai sbrona
characteristic of the evaluation 10 obj ective includes an inclination
conponent arelf feconzhived coevekor ohpodeme oisede uneven illuni nance of the
exposure |ight beam and inclination conponents (twodi nensional vector
anounts) and a nekmideéesertibed canpomenthefunéeeroll ipsenancanefothehe
telecentric property of the exposure light. The five conponents of the
i I'lum nati ocainercienaktéxpesurdcapparayusones obéen sabseahedabyy singly
by nmutually independently driving a plurality of optical nmenbers in the
i I'lunm nati orcoytstell indetrled or £l t i angbe espethal pgsebtgntof ebhect t he
automati zation. It is desirable that the exposure apparatus further
conpri ses a phedettdEnisded clemasgrouwy sycsledindgi the nkassirkavihg al | uni nation
characteristic of the illum nation system wherein the control system
det ermi nes arelrisd in esurvatelee i nsfirpcbivecpower jir Lni hye apptintadf syseem,
driving system and an anmount of change of the illum nation characteristic
on the basi soofby exshangixig t tize nbessirgnewp pethoanethéy léms group.
characteristic-measuring system Wen the illumnation characteristic is
changed in a ti mnHaepesdenthemniteris t beténdedi vat conrettr tbeeungven can be
quickly restored to a desired state, for exanple, by periodically measuring
the illum natllbmirencetiey i dticing tthe htenhahaciegi 3t cerhaisucunyatyseem
by updating the previously stored rel ationship by nmeans of cal cul ation
(si mul ati on)other byhan nuhe afibotsplans nghdothi Hbrmiky f of egbengohernescéi . e.
by updating the rel ationship by neans of calculation during 11

factor (o value) of the illumination light beam is

occasionally deteriorated in the illumination area on the
reticle as the mask, and in the exposure area on the wafer

as the substrate to be exposed. When the uniformity of the
o value is deteriorated in the exposure area as described
above, an inconvenience arises such that the line width
uniformity, which is the original object of the suppression
of the uneven illuminance, is lowered. On the other hand,

if the correction amount of the uneven illuminance is set



t he periodic nmeasurenment of the illum nation characteristic) so that the
optical nenber is driven on the basis of the obtained result. According to
a second aspect of the present invention, there is provided an exposure
apparatus for exposing a second object with an exposure |ight beam passed
through a first object, the exposure apparatus conprising: an illum nation
syst em whi clsa £ hatowihdedletidhicarataipin odf thenheri fanoh vty f itHeiny netlese t he
first object with the exposure |ight beam a characteristic-nmeasuring
system whi chg RSt | |d uninia! igpped aGt atistl iqofwildien iddnimdmt i on
system and an adjusting system which adjusts a state of the optical nenber
i n accordang@ciirdrya result of the neasurement performed by the
characteristic-nmeasuring system According to the exposure apparatus as

descri bed Especially, in recent years, the design rule (standard
line width) of the semiconductor device becomes finer and
finer year by year. 1In order to further improve the line
width control accuracy, it is demanded to develop an
exposure method which makes it possible to improve the
uniformity of the exposure amount distribution without
deteriorating the uniformity of the o value.

Taking the foregoing viewpoints into consideration, a
first object of the present invention is to provide an
exposure apparatus which makes it possible to correctly
adjust an illumination optical system for a short period of
time.

Further, a second object of the present inyention is
to provide an exposure apparatus which makes it possible to
substantially automatically adjust an illumination optical
system which is capable of making switch to a plurality of
illumination conditions.

Further, a third object of the present invention is to
provide a method for efficiently using such an exposure
apparatus and a method for producing a highly accurate
device based on the use of such an exposure apparatus.

A fourth object of the present invention is to provide

an exposure method which makes it possible to improve the



above, the illum nation systemcan be correctly adjusted for a short period
of time by driving the adjusting systemon the basis of the result of the
measur enent perforned by the characteristic-neasuring system provided wth,
for exanple, a spatial imge-nmeasuring system In the present invention as
descri bed above, when the i]lum nation systemincludes an optical
i nt egr at or (ﬁﬂ%$%¥%¥§%rOgrth%nﬁﬁﬁﬂ?EEF)aQﬁH“E AipEr1Bptienl Witk and a
second optical system which introduce the exposure |ight 12 beam passed
t hrough t he ®Wp% %Pt+ﬁ%é§r§?5?rFﬁFBtaﬁglFFSdPB#fBﬁmeXn@fth?h@ohﬁrgﬂce
obj ect or | ane conjugate therewith, the followng illum nation
characterlstg t%ﬁnoﬁeaﬁoﬂ¥P%FPéﬂ %&Bb?aﬁ?ﬁﬁkly mut ual | y i ndependently by
perform ng the adjustnent for the states of the foregoing optical menbers
respectively as fblfbhEh ehigchdplisthenpresenthéngestiranisf tohpropideal
integrator in the optical axis direction: magnification conponent of the
col | apse anpditexposheetappatatnscwhicpenakest ithposgpbiar tol cghrybeutn
(bl') adjustnment for the position of the first optical systemin the optical
axi s directithe evpeswescoevexdcphnpvidad oh aneoudanea witbnthanfeurtbl)
adj ustnent for the two-di nensional position of

object.

A sixth object of the present invention is to provide

a method for producing a device, which makes it possible to

produce the device with a high line width control accuracy

by using the exposure method according to the present

invention.
SUMMARY OF THE INVENTION

According to a first aspect of the present invention,
there is provided an exposure apparatus for exposing a
second object with an exposure light beam passed through a
first object, the exposure apparatus comprising:

an illumination system which is provided with an
optical member and which illuminates the first object with
the exposure light beam;

an illumination condition-switching system which is
arranged in the illumination system and which switches an
illumination condition of the exposure light beam; and

an adjusting system which adjusts a state of the



the second optical systemin the direction perpendicular to the optical
axis: inclination conponent of the coll apse anount of the telecentric
property (two-di nensional vector anount); and (dl) adjustment for the tilt
angl e of the second optical system inclination conponent of the uneven
illumnance in.the tilting directign. It is desirable that the tilting

angl e corr eSP&AGE Lt fembendm fbendildyrdinaddan SYsdieFedd Qnder (& t he
scanning direction in the case of the exposure apparatus based on the
scanni ng exFORHEOLs (& dihluBd@AtdOTo ChaF@ AN istiLey ofedden 1inginad iome
uneven illum nance is averaged owing to the integral effect in the 13
scanni ng di B¥ELESN deRENPE NG Ons teEs SwAtichady iddimingd iegy condiddami-t h t he
tilt, because no _averaging effect is generated in the non-scannin
direction. In th@CFPEEART tRvERE Pregedts iPVENdHGRe as dessrddad aboyehat
the illumnation systemfurther includes an optical elenent which sets an

i 11 um nancewlest theutildimdnatiene cppsiitdon gist spudahes yitdcdihearea for
modi fied illum nation, a beam shaping optical system which introduces the
exposur e | i gilupdamtiiopmcanddiionmse ltichinds gyisden nttdiet Isdadyst iofalthel enent ,
a light-collecting optical systemwhich introduces the exposure |ight beam
from the oppptdcadl member 4401t lexappiliesalposittdgnatior thiei opticallomxises t he
illum nance distribution of the exposure |ight beam fromthe

| i ght - col | edtliregtdpni,c @osdydoaminwidecidireed iad pstripegpddysitlam &dj ddtes t he
state of the light-collecting optical systemor the beam shaping optica
system | n ppticadr andsnenand tadteraggles, ishadjasmeshdy ndeoptiidcalf Hhst em
is adjusted so that the magnitude of the illum nance of the exposure |ight
beam and nagdijusiiangf syiséeni depesiddingont fde lillmmisaatd oti stonidigtiiomn of t he
exposure |ight beam are bal anced. Thus, it is possible to decrease the
uneven i | | uaithenc&hen swatghtingn oplesratiloa .| odscordimglexpdder e | i ght beamis
m nim zed. According to a third aspect of the present invention, there is
provi ded anpergetermiapdaidfiuminhatienpohiargcdetristic of the

illumination system can be substantially automatically
controlled to be in a desired state for a plurality of
illumination conditions respectively. The adjusting system
may include a driving system which moves the optical
member, and a control system which controls the driving
system depending on the switched illumination condition.
In this arrangement, an example of the predetermined
illumination characteristic of the evaluation object is at
least one of uneven illuminance of the exposure light beam
and a collapse amount of a telecentric property
(telecentricity) of the exposure light beam. Both of them
are extremely important characteristics to obtain a high
resolution on the second object. Further, it is desirable

that the illumination characteristic of the evaluation
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second object with an exposure |ight beam passed through a first object,

t he exposure apparatus conprising: an illumnation systemwhich illum nates
the first object with the exposure |light beam a characteristic-measuring
system whi ch neasures an illum nation characteristic of the illum nation

system and a control system which |independently determ nes a magnification
conponent andPRILFHEYS nERG Bt Rt rakien| fapenerbuatd ot a
telecentric property of the exposure |ight beamfromthe illumnation
characteristiQP#ﬁ%ﬁﬁ#QQPYSMt¢@mE%w?%%t@$i%h¢CHMQ%%®r1¥@Pm¥EQ@©¢ 9f theeasy
to performthe adjustnent substantially nutually independently by dividing
t he col | apse exprANreflight tkeawemnd clpgbpeation meonpdrenps| ( wead+ on
conponent and the nagnification conponent as descri bed above. The control
system may i rdigpRnsional; R arowntHhcavd/ x omvexi thrpohemt camporent

i nclination conponent of uneven illum nance of the exposure |ight beam

af forded by take the wwehbapsn agceurinmof rivre thel ¢¢énim iait propehty aef ethati c
measured by the characteristicnmeasuring system According to a fourth
aspect of theexpeswre liglent i dPhe thive ¢omponenitied fintlex pbklumeimet bon f or
exposi ng a second object with an exposure light beamfroman illum nation
syst em passedhdrazipgrstic stanhectas iy exposel bedetwositamnpal sy ng t he
steps of: illumnating the first object with the exposure |ight 15 beam
measuri ng an sirgig rst imntwdiblyaciredesendently hiriving aablwra Bisy eof

i ndependent|y determ ning a magnification conponent and an inclination
conponent of eptticidlapsentzamrinin ofhe iElwcamHtion psyopesny ofhébhef @xepsit e

| i ght beam fromthe neasured illum nation characteristic; adjusting the
illum nation isyssEsperamlihe dmesr stofef fmctdeter raweshawipaticat i on and t he

i nclination conponents of the collapse anount of the telecentric property;
and exposi ng the sBrasl ddyiacible tthdthetlex posposate ghppdeannd rHu t her
adjusted illumnation system passing through the first object. According to
t hi s exposur eeomphicsks tehe-Haat ssoteent i8S toi o dying  dyeet e | witd ctat meds syss em
can be adjusted easily for a short period of tine. Thus, it is possible to
i nprove the tiheughipuminathicn nedwatteyitid hef tospil Benifet Séepspdtem,
i-ndependent |y determ ning a concave/ convex conponent and an inclination
conponent of whemesim itHaeirdorenmeel ofystiean edgtostiiinds givd heteswred for ded by t he
illumnation systemfromthe neasured illum nation characteristic.

- relationship between a driving amount of the driving system

and an amount of change of the illumination characteristic
on the basis of a result of the measurement performed by
the characteristic-measuring system. When the illumination
characteristic is changed in a time-dependent manner, the
illumination characteristic can be quickly restored to a
desired state, for example, by periodically measuring the
illumination characteristic with the characteristic-
measuring system, by updating the previously stored
relationship by means of calculation (simulation), or by
simultaneously using both of the foreqgoing means (i.e., by

updating the relationship by means of calculation during

11



According to a fifth aspect of the present invention, there is provided a
nmet hod for adjusting an exposure apparatus provided with an illum nation
systemfor illumnating a first object with an exposure |ight beam for
exposi ng a second object with the exposure |ight beam 16 passed t hrough
the first object, the nmethod conprising the steps of setting a
pr edet er m nefleoperéafigenpasurament PE| thenadlsmisgsiemin a plurality of
states to neasure an illumnation characteristic of the illum nation system
i n each stathardeteribhilay aorthati shehpptbepheBaMBgradsudr 1gencRAnGdeof
the state of the optical nenber and an anmpbunt of change of the illum nation
charact eri sbagignofhthpasbtasned result.of the neasurenent of the
iIlum nation characteristic; and adjusting the state of the optical nenber
in order to contRAotortangl tamanaecondchapectepifsthe pmeskatbasventsfionhe
there is provided an exposure apparatus for exposing a
second object with an exposure light beam passed through a
first object, the exposure apparatus comprising:
an illumination system which is provided with an
optical member and which illuminates the first object with
the exposure light beam;
a characteristic-measuring system which measures an
illumination characteristic of the illumination system; and
an adjusting system which adjusts a state of the
optical member in accordance with a result of the
measurement performed by the characteristic-measuring
system.
According to the exposure apparatus as described
above, the illumination system can be correctly adjusted
for a short period of time by driving the adjusting system
on the basis of the result of the measurement performed by
the characteristic-measuring system provided with, for
example, a spatial image-measuring system.
In the present invention as described above, when the
illumination system includes an optical integrator

(uniformizer or homogenizer) and a first optical system and

a second optical system which introduce the exposure light
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determ ned rel ationship. According to this adjusting nmethod, it is possible

to efficiently adjust the illum nation characteristic by previously
determ ning the relationship between the driving amount of the opti cal
menber and the amount of change of the illumnation characteristic. The

met hod may further conprise the step of storing the determ ned

rel ati onshi PeafcPededy thgonady the pfdcalointRgrgtededntion@dnti on, there
is provided an exposure nethod for exposing a second object with an
exposure | i ghtapaakipaspdanchrdudihea ffiirsdt obpiestt ort Re PARBESs Go& Jnsared
conprising the steps of: radiating the _exposure |ight beamonto the first
obj ect; andtBexewathinghg frddeomiingaridd uamisatilon: charecterdstics eaosur e
light beamin a planer area traversing an optical axis of the exposure

| i ght beam PR €Rat¥pdilgdt pubstantdpddyupatyieddy dndependenddd &y ect or in
the vicinity of a plane conjugate with the exposure plane. According to the
exposur e nePR&foxmingsthebad jassnent: forufdee s tattiegniodaide iforggoisded not
by driving an optical elenent having a predeterm ned curvature other than
the flat pl apticFRemenbersi respectdively bst ifod loWstthe pl aner area is
controlled (especially controlled twodi nensionally) so that the uneven

i llumnance is cdrlgcaddusipenitdifng Lhet posiiltiom wdntdedioptdicladt i on can be
controlled without substantially deteriorating the uniformty of the

coher ence faotegretorhdnegpesopd ikciaghtxlisamirectlionsx pesumid izaddonf t he
second object. Therefore, the illum nance distribution is controlled so

t hat t he unevmppaestobft hbecgmlllapsec aswpoasurd &imeuteleceniteisecond obj ect
is corrected, and thus it is possible to inprove the uniformty of the
exposur e anpuppedityt pfbtheorxposulret ltilght! beemyi dth unifornmity nmay be
reliably inproved. Further, the transmttance distribution is not fixed, it
can be control | edblar pdjhgtmeotdifoenshenpbkyitidtheodf the, filret amrical

cl oudi ness or the |like appears on the optical elenent such as those of the
i | lum nati onysysmenn &he optichluaixisnddreécstonbucoocaye/cloavexcond obj ect
is changed in a tinedependent manner, then the transm ttance distribution
i s control | edmponeh&t ofhthehangwens idflbsdnan€eys, it is 18

(cl) adjustment for the two-dimensional position of
the second optical system in the direction perpendicular to
the optical axis: inclination component of the collapse
amount of the telecentric property (two-dimensional vector
amount); and

(dl) adjustment for the tilt angle of the second
optical system: inclination component of the uneven
illuminance in the tilting direction. It is desirable that
the tilting angle corresponds to the non-scanning direction
perpendicular to the scanning direction in the case of the
exposure apparatus based on the scanning exposure system,
because of the following reason. That is, the uneven

illuminance is averaged owing to the integral effect in the
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possible to always maintain high uniformty of the exposure anount
distribution. In this process, for exanple, the transmttance distribution
for the exposure |ight beamis controlled to give a concentric distribution
about the center of the optical axis so that the unevenness of the exposure
anount distribution for the second qgbject is corrected. Wen the concentric
di stri buti onSFaNGiLRgnddEegedon bahidsodd, 1ist desigaddienlte makgpphepriatel y
correct the uneven illum nance (centro-symetrical unevenness) which is
axi al | y synmEPETE8ripnt Witds bt tid tyhdegauiseanogrver agdnghef feche is
centro-symmetrical unevenness can be corrected substantially continuously
Wi thin a predéneratgddinatle PBPn-6CaANNAFTt d rechkiom.tt ance distribution. In
anot her exanple, the transmttance distribution for the exposure |ight beam
is controlled to ghvéhe presensr iinvestdiosnt desgriibed abaviei,r 9t disrecti on so
that the unevenness of the exposure anount distribution for the second
obj ect is cofdegérableThbati $het Ad lumdnatiionasys teims tfuirtydieiron nicd udesst aal | ed
to give a one-di mensional predeterm ned distribution. The direction of the
onedi nensi onaptdreir pyementowhishy gseitsblaa. iWlaminaacenddisteribusian of
transmttance distribution is used as described above, it is possible to
correct the bBhevempesuref ligbtcbeamatiove dogaduaseanmdont modified
non-scanni ng direction (direction perpendicular to the scanning direction)
when 19 t héldumanakgdgoexpes beem-shperingr wpd.icalasyiss emwiwhichhe
predeterm ned distribution is a distribution which changes
one- di mensi omatkgpdeyesethiecekppsalreufligheé beammerfrom the eapbisaale diight t he
centro-symetrical unevenness (quadratic function-like unevenness) can be
corrected subetaaei ahktyp tbet optdacvsally edement ,a apledatecrpilied tiaggepafical t he
scanni ng exposure. \Wen the predetermined distribution is a distribution in
whi ch t he trapstemnt whiehi sngraduakby thec egposdrer ldghtebgat Exomh@&heositi on
is separated farther fromthe optical axis, the inclination unevenness
(l'i near funcopbhehilkelementpnasd) tbhenopticadr dntedratbst ewhiiical | y
continuously wthin a predeterm ned range after the scanni ng exposure. The
transm tt ancenifermibesi bhef allulménarpesdietiripht ibaamfmehebexposulrer
controlled in a direction intersecting the direction of the predeterm ned
di stributi onliwhh beemséimemdiher Lhghtenodldethdngr egetieai sgdtemst ri buti on
or with another distribution. Wien a plurality of one-di nmensional
transm tt ancehdreini bhei adjguaténgosipshen, adtjustspohei bicatkoodothect t he
t wo- di nensi onal uneven il lum nance such as the inclination unevenness and
t he centro-syigktrcodleahéugnopsicah shetemabironheybstatshaphiagppesdotl
invention can be also applied to the exposure apparatus of the full filed
exposure typeystehn.as the stepper. It is also possible to omt the
mechani smfor driving a large lens group to be used to correct the uneven
illum nance. 20 Ihnthhe arzmangepeskpoforecegwmpém,i bhehbehmt-bhapiingt obj ect
and the second object are synchronously noved in a scanning direction when
t he second obpeitalssepspemedls alljustddsspabhatt hht mhgntitadenoift ahee
distribution for the exposure light beamis controlled so that exposure
anmount di striblumbnagespofutbeaarposudesiightt beami anhmagatsadenbigthe
direction), which is obtained by adding up an exposure anount of the
exposure |ighispensiénrofheheetbhdmbbppce diasthébatdoni of dheeekposuries
uniformzed. In this

light beam are balanced. Thus, it is possible to decrease

the uneven illuminance on condition that the loss of the
exposure light beam is minimized.
According to a third aspect of the present invention,

there is provided an exposure apparatus for exposing a
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process, the uneven illum nance in the scanning direction is averaged by

t he scanni ng exposure. Therefore, the cunul ative exposure anpunt
distribution is uniform zed on the entire surface of the second object by
uni form zing the exposure ampunt distribution in the non-scanning direction
per pendi cul ar to the scanning direction. Thus, it is possible to obtain a
hi gh 1ine mPBFHnéoﬁPHSFtaWéEgaBP.e%E@EPHPnélﬂbtab§éWeH?ﬁs§§p§8F°BHhtﬁe
present invention, there is provided an exposure apparatus for exposing a
second obj eédr&ft ALARCExpbBAr 8XPPEHT ChARRABEASYEJCORPERERANE f i r st obj ect,

t he exposure apparatus conprising: an illum nation systemwhich illum nates
the first objectan ihluménakpenusSEstpghwhpehmildnminatesasheohdrsit] t er
which is arranged in the vicinity of an exposure plane of the second object
or in the vbbﬁﬁCtywéthathaﬁKPQGHFagéighﬁﬁgﬁamhe exposure plane on an
optical path for the exposure |light beamup to the second 21 obj ect and
whi ch has a predat eharaetieriahin-meanveidgssysbem whight mepsupest ano t he
exposure |ight beam According to the present invention as descri bed above,
the transni iidnwéndtdoni bharsatennsbaéccofit tbel édlumbspsnonabygtem; and
continuously, for exanple, by nechanically rotating the filter, or by
electrically rotatcaptrhd syabem whiagbeiddependentdy detefrminelst er.
Therefore, it is possible to carry out the exposure nethod according to the
si xth aspecmaghifheapiesenompanenti end bn tihicd iantapngeremponeht efipar at us
may further conprise a driving unit which controls an angle of rotation of
the filter co3dhpseramhiinh ofikestedateokriio pireperityablfy thet ekposhee
transmttance distribution of the filter. Accordingly, it is possible to
aut omat i cal Lygbhbrbeamn fhemuhbeenhdeminhtibe ekhposuterastuct mehsutrkedsby

arrangenment, the illum nation system may include one stage of optical

i nt egr at or bheachhnaaterysvicsmaegesrahgopysteain.i nfégiat easyf oo peirform zi ng
an illum nance distribution of the exposure |ight beam and a field

di aphr agm f bhedeflijnshgeah shbstanbiabhyame&uadlyyhénfiepsndenjtdgt bgf t he
exposure |light beamfromthe optical integrator; wherein the ~ilter may be

arranged ondavpdang thet bellapsei ajouhtt hé thel tedieaphtzdm properaypl ane in
the vicinity -of an irradiation plane of the first object. Accordingly, the
filter can bheteathéyiaclangtdonThempohent smy bbecmagoiddcatibwo sheets of
a first 22 filter and a second filter which have the same transm ttance
di stri buti ooomponenheasi dessribhedl dboweti ofheypnatrotaklyytemt mayespect to
an optical axis respectively, and the two sheets of the filters may be
rotated i n imdepbhgenpppsdetepnanesa Aonoadierigbpyvekheomponensy amdt ancal
unevenness can be corrected continuously by nmeans of the sinple control.
When t he présehinahient composenppbfeunevennidipmionaceppdr &heselposdren t he
scanni ng exposure system it is desirable that the exposure apparatus
further conpigbtsbeamtaffosgefichywhhehidynmhnetdosl gystems tfimomfithet obj ect
and the second object in a scanning direction; an exposure anount

di stri buti ohbkraminatjonnchanhactérishiar measudiedt bybttheorhafraatieedstpcval ue
in the scanning direction of an exposure anount of the exposure |ight beam
on the secondasbtyieny;spstem.control unit which controls an angl e of
rotation of the filter by the aid of the driving unit in accordance with

t he exposure anphAotoddingi bataofionetBuaspeby OlietiiesprebentonnNeasipnng
unit. In this arrangenent, the unevenness of the exposure anmount can be
corrected hthbty ascpravidegdbynnmeaposung mbehddstorbekposioaly theeadddd- up
value in the non-scanning direction with the distrib~~ion-nmeasuring unit,
and rotatingbféetfwitkrasoexpasutréeldlghtrbbaini dpomsannifidumination

system passed through a first object, the exposure method
comprising the steps of:

illuminating the first object with the exposure light
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According to an eighth aspect of the present invention, there is provided
an exposure apparatus for illumnating a first object wth an exposure
| i ght beam and 23 exposi ng a second object with the exposure |ight beam
passed through the first object, the exposure apparatus conprising: an

illumnation optical systemwhich is capable of illumnating the first
obj ect under beeapisurality of illum nation conditions respectively and in
which an illum nance distribution of the exposure |Iight beam has an

i denti cal tendencyeasunting @inuridllivminegft iidn wharadter icdnidi tdfortshe
respectively; and an optical nmenber which is arranged on an optical path
for the exposuddeningttidmeapsient;o t he second obj ect and which adjusts the
il lum nance distribution. According to the exposure apparatus of the
present invention iaslepeselanidy aledesmiwhieny tahenadrifiiaeeticon conehiterdn i s
changed, for example, fromthe ordinary illumnation to the nodified
i1lum nationamd tdme isitdlilnaz ival Wwenigdnamtnaif en.cdllimpsd famourtty «of & he
exposure anount distribution can be inproved by offsetting the anmount of
change of theeleeweitdild prioperey f rmhanexposure dpightalbemmifrom fidre
exanpl e, when the degree of the centrosymetrical unevenness or the
inclination weestiees s liluminadiidny ctldangeekristildy s arrangenment, it is
desirable that the illum nation optical systemis adjusted to have uneven
iI'lum nance in whiaetjulsteing [the ranemitiadicm Wyistien ors s addial |Iof the
symmetrical with respect to an optical axis 24 of the illum nation
optical syst gateAudWed MHghifilcatsctnshd E&nOrimeati ddtel dnedipdrdnds rece.
For exanple, the optical menber includes at | east one optical fiber which

is arranged sgpacaiiglapsie Gificihte TN tilldtenr i eragrandy omet or a
conj ugate plane thereof and which has a predeterm ned transmttance

di stribution w thdxgeRaely tthd RRecdmbIbiRIY ghithams Aguthad ightan ninth
aspect of the invention, an exposure nmethod for illumnating a first object

with an expopéam lfirghi theamdERG ARG ihateem Gysjart ipaddihd hthuqgisur e
l'i ght beam passed through the first object is provided. The exposure method
conprises. the first object. According to this exposure method, the
tele;entric property of the illumination system can be
adjusted easily for a short period of time. Thus, it is
possible to improve the throughput. This method may
further comprise the step of independently determining a
concave/convex component and an inclination component of
uneven illuminance of the exposure light beam afforded by
the illumination system from the measured illumination
characteristic.
According to a fifth aspect of the present invention,
there is provided a method for adjusting an exposure
apparatus provided with an illumination system for

illuminating a first object with an exposure light beam,

for exposing a second object with the exposure light beam

16



changing an illum nation condition for the first object depending on a
pattern to be transferred onto the second object; adjusting an inclination
conponent and a centrosymetrical conponent of uneven illum nance or uneven
exposure anmpunt in an irradiation area of the exposure |ight beam

respectively; and adjustlng the centro-symretrical component wi thout
adj usting tRasFpel thapreh EBgpdaest BBﬂPﬁﬁ atBPeHQPBPﬁlﬁ@BPEéFPBH &P€er the

adj ust mrent of the uneven illum nance or uneven exposure anount. Accordi ng
to an tent hSh8P&cPfsf the invention, an exposure nethod for irradiating a
first object with an exposure |ight beam passed through an illum nation

optical 25 syseektand axpssArgeamiaednapsbfadt MGMPARTL AE EkBosure i ght
beam passed through the first object is provided. The exposure nethod
conprises: #dbleminagienesgspemuis Ri phtirpdakyonfaspatest épPningadupkand on
whi ch the second object is arranged to neasure an illum nation
characterlsleumhnabdbngchﬁraeégrléhécoﬂfatHESEilbm@h@hlgﬂ eypdemr énanount
or illumnance in an irradiation area of the exposure |ight beamand a
tel ecentri céaghostane;ill um nati on optical system noving at |east one
optical elenment of the illumnation optical systemon the basis of the
measured illun ndetenménindacaeredationgpdpt bagvess apasupudti pLushaageon
characteristic by nmeans of calculation until the illum nation
characteri sefcthe sbatared hbgt optiealamambevi agdt An amohssspfonbaogei cal
el ement on the basis of the updated illum nation characteristic. A nethod
for produci of thdevltuemanabidnnghavacherpstsenoni hhenbasascofpri sesuilie
step of transferring a device pattern onto a substrate by using the
exposur e nevhothecmeadingmentan§ bhe diltménatpent shafatherpstsent and
invention. According to the present invention, it is possible to
mass- produce a hadgfihgtingcthenaktatevofethet bphibaghmemherwidt brdemt to
accuracy. BRI EF DESCRI PTI ON OF THE DRAW NGS 26

control the illumination characteristic on the basis of the

determined relationship. According to this adjusting
method; it is possible to efficiently adjust the
illumination characteristic by previously determining the
relationship between the driving amount of the optical
member and the amount of change of the illumination
characteristic. The method may further comprise the step
of storing the determined relationship.

According to a sixth aspect of the present invention,
there is provided an exposure method for exposing a second
cbiject with an exposure light beam passed through a first
object, the exposure method comprising the steps of:

radiating the exposure light beam onto the first
object; and

controlling a transmittance distribution of the
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Fig. 1 shows, with partial cutout, a front viewillustrating a projection
exposure apparatus according to a first enbodi nent of the present

invention. Fig. 2 shows a perspective view illustrating an illum nation
area 35 and an optical systemranging froma second fly's eye lens 9 to a
second | ens system 13 shown in Fig. 1. Fig. 3A shows a plan view

i || ustrati n@XPosere|ldBrtadeaty gh i ana @ te ot Haded Hing aBPPERRIF g.
3B shows a magnified plan viewto illustrate a nethod for detecting an

i mage 36AP &1gn oy e tSRp sk . 1 s beam 40 ithe sty ty &k oY for
measuring an inclination conponent and a concave/convex conponent of uneven
i | | uni nance e¥pQgsirss plsme |qf thetsecandr@hRE Y AT b it ilaimity of a

plane conjugate with the exposure plane.

According to the exposure method as described above,
the uneven illuminance is adjusted not by driving an
optical element having a predetermined curvature other than
the flat plane. The transmittance distribution of the
planer area is controlled (especially controlled two-
dimensionally) so that the uneven illuminance is corrected.
Accordingly, the illuminance distribution can be controlled
without substantially deteriorating the uniformity of the
coherence factor of the exposure light beam in the exposure
area of the second object. Therefore, the illuminance
distribution is controlled so that the unevenness of the
cumulative exposure amount on the second object is
corrected, and thus it is possible to improve the
uniformity of the exposure amount distribution so that the
line width uniformity may be reliably improved. Further,
the transmittance distribution is not fixed, it can be
controlled variably two-dimensionally. Therefore, when any
clcudiness or the like appears on the optical element such
as those of the illumination system, and the illuminance
distribution on the second object is changed in a time-
dependent manner, then the transmittance distribution is

controlled so that the change is offset. Thus, it is
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i nclination conponent and a magni ficati on conponent of illum nation
telecentricity. Fig. 6A shows, wth partial cutout, main conponents to be
used when the nodified illumnation is perforned by an illum nation optical
system I LS shown in Fig. 1, and Fig. 6B shows a front view illustrating an

apertare di aphragmplate 10 shown in Fig, .6A. Fig. 7 .shows an exanpl e of
t he reIationEﬂ?ﬁlBé?mE@naiﬂéyﬁaﬁﬁipﬁﬁénohlghlHﬁi%ﬁﬁ@étﬁnﬁftﬁ@euﬁ§98ﬁure

i1 lum nance when the nodified illumnation is performed. 27 Fig. 8 shows
a flow chartamPpptt A46tRgPAR1I8Ranpl e of a nmeasurenent sequence for the
driving rate of the entire driving unit in the illum nation optical system
Fig. 9 shows a fl|&W ER&Ft PFPrEs6y afPRgeRAMRAEEBEOF raRSBELSARERC

adj ust ment sequence for the illum nation ogtical system Fig. 10 shows a
flow chart ifigsributagnafioexhhpl exppsure light beam is controlled to

give a concentric distribution about the center of the
optical axis so that the unevenness of the exposure amount
distribution for the second object is corrected. When the
concentric distribution is given as described above, it is
possible to appropriately correct the uneven illuminance
(centro-symmetrical unevenness) which is axially
symmetrical with respect to the optical axis. Further, the
centro-symmetrical unevenness can be corrected
substantially continuously within a predetermined range by
rotating the transmitfance distribution.

In another example, the transmittance distribution for
the exposure light beam is controlled to give a
predetermined distribution in a first direction so that the
unevenness of the exposure amount distribution for the
second object is corrected. That is, the transmittance
distribution is controlled to give a one-dimensional
predetermined distribution. The direction of the one-
dimensional dictribution is variable. When the one-
dimensional transmittance distribution is used as described
above, it is possible to correct the unevenness of the
cumulative exposure amount in the non-scanning direction

(direction perpendicular to the scanning direction) when
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an adjustnment sequence for the nodified illumnation according to a second
enbodi nent. Fig. 11 shows, with partial cutout, an arrangenent illustrating
a projection exposure apparatus according to a third enbodi ment of the
present invention. Fig. 12 shows a perspective view illustrating the
relationshighconcernLng an illumnation area 35 and an optical system
rangi ng frofhg SEaBRANA| §xBogYEe| dFsPerEgrRer-xedhBlti Ad 1 WReENGRE in Fi g.
11. Fig. 13A shows a plan view_illustrating an exposure area and an uneven
i | | umi nancePsefAgbprapnedndiptyibPiBosndfs aaﬁléicaﬁfgpélep ¥bdehesbPBACSi gnal
obt ai ned by the uneven illum nance sensor 42. Figs. 14A-14C show states in
whi ch the afBredémepgignpdhyorYBMEsKAEALANt RERUL] ther cpnieE 9f t&echanged

in three ways in the third enbodi nent. Figs. 15A-15C show the concentration
filter platepsical axis, the centro-symmetrical unevenness (quadratic

function-like unevenness) can be corrected substantially
continuously within a predetermined range after the
scanning exposure. When the predetermined distribution is
a distribution in which the transmittance is gradually
increased or decreased as the position is separated farther
from the optical axis, the inclination unevenness (linear
function-like unevenness) can be corrected substantially
continuously within a predetermined range after the
scanning exposure.

The transmittance distribution for the exposure light
beam may be further controlled in a direction intersecting
the direction of the predetermined distribution with the
same distribution as the predetermined distribution or with
another distribution. When a plurality of one-dimensional
transmittance distributions are combined, it is possible to
correct the two-dimensional uneven illuminance such as the
inclination unevenness and the centro-symmetrical
unevenness in the ctationary state. The present invention
can be also applied to the exposure apparatus of the full
filed exposure type such as the stepper. It is also
possible to omit the mechanism for driving a large lens

group to be used to correct the uneven illuminance.
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and filter plates equivalent thereto. Fig. 16 shows a perspective view
illustrating the 28 rel ati onship concerning an illumnation area 35 and
an optical systemranging froma second fly's eye lens 9 to a fixed blind
14A of a projection exposure apparatus according to a fourth enbodi nent of
the present invention. Fig. 17A shows a concentration filter plate 51A of
the fourth enbodi ABnthersgannBgdsRERESHIEr EHSFEMt ARcWharyt thBufi&stof the
concentration filter plate 51A Fig. 17C shows a second concentration
filter platecBIiBcsf andetbecsrgoadbeliRERt ArFi §YNThDOBRYRL Yampgas At Rance
distribution of the concentration filter plate 51B, and Fig. 17E shows a
final transnPEaaRdéBgdddrersarnoWhen §he s$gprondCobHeRtstigt e¥Prredhi dff the
angle of rotation of a concentration filter plate 155 according to a fifth
enbodi ment ofleshsaples&hati fhentrensmittpangedishribngdonafor k£hg 19A
shows a first concentration filter plate 161 according to a sixth
enbodi ment oexphsupeeddghti beenmt igncoahdokilgd $OBthAtwexpPsNTER ANQNDS
distributions at a variety of angles of rotation of the concentration
filter platedistribugiodOAegpossre smountl déstenbnatioon ihi ther nphat e 63
according to the sixth enbodi ment, and Fig. 20B shows transmttance (T(r))
di st ri buti onscannangadigegtabnangwbichf isovhtadnedf byheddangempr ani on
filter plate 63. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 29  An exenpl ary
enbodi nent oexpheupeesmntintneénthenewpbbulbe éigh&i bedmbébowthet Becendr ence
to the drawings. In this enbodi nent, the present invention is applied to a
scanni ng expobgeett ypetpeogeennangedposatécappasatud fbamddedn t Aa this
st ep- and- scan systemor the step-and-stitch system ‘
process, the uneven illuminance in the scanning direction

is averaged by the scanning exposure. Therefore, the
cumulative exposure amount distribution is uniformized on
the entire surface of the second object by uniformizing the
exposure amount distributioﬁ in the non-scanning direction
perpendicular to the scanning direction. Thus, it is
possible to obtain a high line width control accuracy.

According to a seventh aspect of the present
invention, there is provided an exposure apparatus for
exposing a second object with an exposure light beam passed
through a first object, the exposure apparatus comprising:

an illumination system which illuminates the first
object with the exposure light beam; and

at least one filter which is arranged in the vicinity
of an exposure plane of the second object or in the
vicinity of a plane conjugate with the exposure plane on an

optical path for the exposure light beam up to the second
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Fig. 1 shows a schematic arrangenent of a projection exposure apparatus of
this enbodinent. In Fig. 1, an ArF exciner |laser |light source (wavel ength:
193 nm is used as an exposure |ight source 1. However, those usable as the
exposure light source 1 include, for exanple, a KrF excimer |aser

(wavel ength: 248 nm), an F2 | aser (wavel ength: 157 nm, a Kr2 |aser
(wavel engt h©P186t nafd WhACBhDAS AoRFEIGEGEMGRRE BEBPSBLtYARCRaser, a high
har moni ¢ wave generator of sem conductor |aser, and a_nercury |anp. An |
exposure | i ghtthehRtien(WikpBstPEPBEENFC WAPCRXPeSBERpSiEAtoPeaR-ul t ravi ol et
pul se Iight beam having a wavel ength of 193 nmradiated fromthe exposure
|ight source 1, Pass&dingrbAghhg BEGRERAt éRVARLLANt apBiEFCPibge above,
positionally matching the optical path with respect to the main exposure
appar at us bblg, traaspittanes fdasbrabyhipabran| bgheonptsdndiag unit 3 to serve
as a light attenuator. An exposure control unit 21, which is provided to
control thesekpbantiabhpuaenwinnondspectoroekp@pphot bY eweshanmncalhif er,
controls the start 30 and the stop of the Iight em ssion of the exposure
| i ght sourceotahéngetheailherouepuby(63ertrachdhyf regatihny the pul se
energy). The dinmming ratio for the variable |ightreducing unit 3 is

adj ust ed cobramsmittgnce dastiribupipseofmtiher fiYherexpBbareforght ibeam I L,
whi ch has passed through the variable light-reducing unit 3, passes through
a beanshapi pgssyblents canpypseutothe ekpesurenmethedearddrdihdgateetbad | ens
system 4B arranged al ong a predeterm ned optical axis, and it comes into a
first fly' ssiyeh| appeéttofstheepnsseanti isvestage.oplinchhisnt egrat or

(uni form zer or honogeni zer). The exposure |light beam IL, which outgoes
fromthe fiasrafggmentyethengsppargbnesmapt fuatberondmpryse aydrliensg9 to
serve as a second stage optical integrator via a first |lens system7A, an
optical pathaberndhighntonbro8s andangiecofdrbtatiepso€ntli8. fAltekay optical
system (or may be referred to as "beam shapi ng system' as well), which
serves as aitsghf-coplveichngakesi cahtsgdt bm elsctohsallyt edtbyet hbefir st

| ens system 7A and the second | ens system 7B. An aperture di aphragm pl ate
10 i s arrangeanswmittahty dysthibutilonfofi thevinyteot orA¢Gerdingly, it

| i ght - out goi ng plane of the second fly's eye lens 9, i.e., an optical
Fourier trabsfpesmibba pbaaetopapitapluneovfechethé| unevenneasspst hip with
respect to the pattern plane (reticle plane) of a reticle 28 as the
exposur e ob¢xposwre @soghbwn in a front view of Fig. 6B, the aperture

di aphragm plate 10 is 31 exchangeably arranged with a circular aperture
di aphragm | Ca f oIntbeisrairnangeméhtip bhei dhluannapionusestemphaggm 10b f or
tonal illum nation as an exanple of the nodified illum nation, an aperture
di aphr agm laclwdeosee stagepdfiraptigadf ijtagraterenbodi pkaralfivurpf
eccentric small apertures for nodified |light source (or so-called oblique

i |lum nati oshages ambt dpt iexhnphtegfatbesnbdif upidfornizingt ann, and a snal
circular aperture diaphragm 10d for the small coherence factor (a val ue).
The apert urtl timphargen dDstnilyubeonl ¢b théeexpdsuveatight hepamtuand a

di aphragm for the four-spot illumnation. The "illum nation
condi ti on- sfielhidipplysagni féordghinitngngnt hdlwhinat bani aneaoadi then into
any one of the plurality of illumnation conditions (ordinary illumnation,

nmodi fied i lfimstnabpect amfl shel ¢xposateel ightinbeani 6ndmi theoopticaled by

t he aperture diaphragmplate 10 and the driving notor 10e. The nmin control
system 22, imMtiedraiodt pcvheréin nehagéilted want bel arraepgegeont aoplahet he
entire apparatus, sets the illumnation condition by the aid of the driving
not or 10e. i tthe efibriemiey tof Fiige flieldedapphtage draphragpidfa fiorthee
ordinary illumnnation is installed at the Iightoutgoing plane of the second
fly's eye |wirsir®itylhef eagpostradiaghon bphané Lof wohehf bnsgoesjécom t he second
fly's eye lens 9 and which has passed through the aperture di aphragm 10a,
conmes i nto Fcdeadisgly f tehe 16i hewi ngam bégbasily arranged.

The filter may be composed of two sheets of a first
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32 transmttance and having a | ow reflectance. The exposure |ight beam
which is reflected by the beamsplitter 11, cones into an integrator sensor
20 conposed of a photoelectric detector via a light-collecting lens 19. A
detection signal S1 of the integrator sensor 20 is supplied to an exposure
control unit 21. The rel ationship between the detection signal of the

i ntegrator E&hE6E 2ndapdsemend| EihiaEnYBich hpgeekpBsERBE| i ght beam I L on
the wafer Was the substrate to be exposed is previously nmeasured highly
accur at el y, tEpaspittangeodégtrpbutdeRoi) AncpRedérpBsdaPBatofdirertiant 21.
The exposure control unit 21 is constructed so that the illum nance

(aver age vasyvemebricablgxpdthrsespgat beadn| ePRLEALlr a¥pEcrespechaeved¥er W
and the integral value thereof may be indirectly nonitored in accordance
with the deardttbe twgnaheetstaé theefidtersseagobe2gotakhedesposure |ight
beam IL, which is transmtted through the beamsplitter 11, passes al ong
the opticalmakuallpxoppeoiye phasest | Aacordinghyl2thei centoptical systen)
and a second |l ens system 13 (second optical systen), and it successively
cones into ayhmgbdighl ndnévéhnessacannbei ebdrdchphr agntwhiiohshysbyn openi ng
for defining the exposure area 35P on the wafer W(projection area which is
conj ugat e wineans hefi thens mmplencantaod5s i Whesl dheopresenheipvepeibnoms
optical system PL and onto which the inage of the pattern in the

i Il um nati oapplted36oi anf expeshirandpphrathibubaaati on 8Be saapnifi§ on t he
reticle 28 irradiated with the exposure |ight beamIL and which has a wdth
of the openergo$uredsystem) aitonstdealirhbdet thht sbenekpgsdreection of the
scanning direction (Y direction) in which the reticle 28 and the wafer W
are noved dappagathe fembhengcempoises andtabe apatemnwhmghdi rection (X
direction) perpendicular to the scanning direction in this enbodi nent) 14A
and a novabsegnthrodogsbyabbees| theal farsbnobijett dndpbhegsectdB. obhectatt er
novable blind 14B is installed at the conjugate plane with respect to the
reticle plaier.aTheahningrdire&etdibhy nanldRAposuaer amgadtatiiatplibneivhi-ch is
def ocused by a predeterm ned anount fromthe conjugate plane. For exanple,
as di scl osafeasudapgneset LehilebpreaPatrest aPdlisteabubhohloof4ad@6818p t he
fixed blind 14A has an opening which is arranged to extend in a linear slit
configuratiealoe in theestangihgrdivettjonadbfoan( kepesnaét emount| efti vel y
referred to as "slit-shaped configuration”) in the non-scanning direction
subst anti al theabxpdsthe tigherbeémtbe bhei satondi ebActn andi acabatrbiel d
of the projection optical systemPL. In order to avoid any unnecessary
exposur e upenithehitchrcomtioisearnanglet bf sobahiog efpbher ilbert hg
respective shot areas on the wafer W the novable blind 14B is used to vary
the wi dth ithéhaidcafintihg drieihgounnf fheaespovdaneceaweébh3bReaadpbhere
illum nation area 35 defined by the fixed blind 14A. The novable blind 14B
i s al so useamdwntadisthibui doh Bdasuredrbgpbhdi dgstoibheienzmeasurhag
pattern area of the reticle 28 concerning the direction (non-scanning
direction) peipendimutlaistartargenent| nghdi npevennesSd. ofThehenéspoatren on
the opening ratio of the novable blind 14B is al so supplied to the exposure
control uniam@int Tden viaé ueormbactédi bighlpi aedubgtelyt bpl pedaberihgyutrheance
determ ned fromthe detection signal of the integrator sensor 20 by the
openi ng ratdbstributiromcdfiathe | dddedaupevahuehiénwhher n¥i-Fhanaingngenent of
the fixed blind 14A and the novable blind 14B is not limted to the
arrangenentdshevmniom wigh tihe Fdisexidbpttontheauxedgbhnihd, 14Admay be
arranged closely to the reticle 28 between the reticle 28 and the

i |'1um nati oot igql tisy st EMmerd heo expasut kel dgbtrbpatioh, ivhuahfbam. passed
through the fixed blind 14A during the exposure, radiates the illum nation
area (illum natixscdidlsly ateain 36ighthhespattesd phanprékener surface) of
the reticle 28 as the mask via an optical path-bending mrror 15, an

i mage- f or M Ngvéentosy stiesrd 6i s ap pobi dendensexpbeusesyppamatds asd a main
condenser | ens system 18. Under the illumnation Iight beamlIL, the inage
of the circiiluppideingid fhest!|dbjecat i obhasgaegposlicer Bightebe8mi and
transferred to the slit-shaped exposure area 35P of the photoresist |ayer
on the wafer Was the substrate (substrate to be exposed) arranged at the

i mge formation plane of the projection optical systemPL at a

predet ermi ned projection 23



35 magni fication ~ (~ is, for exanple 1/4, 1/5) via the projection
optical system PL which is telecentric on the both sides. The reticle 28
and the wafer Wcorrespond to the first object and the second object of the
present invention respectively. The wafer Wis, for exanple, a disk-shaped
substrate of sem conductor (silicon or the like), SO (sjlicon on

i nsul ator) of¥RRSIN%KE SAGFEN GG tor i itha %W%%Llle%ht( P oj ection
system of this enbodinent is a dioptric system (refractive systen).

However, it PaSfsshItdEeudh & thidist 1P IEfta- FilBHIesHROILE SRRITATELt i ng
refractive systen), and the reflective system can be al so used. The

foll owi ng deSOMBALSIANIs || be nade assuming that the Z axis extends in
parallel to the optical axis AX of the projection optical systemPL, the Y
axi s extends in t @ siddimifp tdiane Qntes disyeEhe™ v pdhl 11caRAR e B ane of
paper of Fig. 1 in this enbodinent) in the plane perpendicular to the Z

axi s, and thdltuminatangedde ifinste diecdcamdery ainlkalbdEY ®f ection
perpendi cular to the plane of paper of Fig. 1 in this enbodinment)

per pendi cul arillamima tsiam mang idi jang iresraat iMely Bnd et iWhaigh mft i on

optical systemILS is constructed, for exanple, by the exposure |ight
source 1, thdldaavinencshidigtumibution f e axpodushtl yaudieam i a8 the
beam shapi ng system5, the first fly's eye lens 6, the first |lens system
7A, the secondendriscady StenderRy ey ddvoml udal iteyaf |enlmginationirst | ens
system 12, the 36 second |l ens system 13, the fixed blind 14A, the novable
blind 14B, t leondidgensomeasppdtaivelsystaind 16, the subcondenser |ens system

17, and the nmain condenser |lens system 18. The illumi nation optical system
| LS or one obt ai ned pptdddIngeanhere Wiosilr d9 iggmangrd @n tdreraptoledk reatidonds
to the illumnation systemof the present invention. The optical axis |AX

of the ill unifieat itdve epocsalresyisighh Hesn Qi dindildemecgnd abiieaiptandhl axi s
AX of the projection optical systemPL on the reticle 28. In this

embodi ment , avhfiiahstadfrustisnd-heniitl 12@inansse ghigs trilwitigpuni t 24, a dri ving
unit group 25 are installed to the second fly's eye lens 9, the first lens
system 12, and t hdcswgwlichd dirs tdhes texposinee gupsttiatsl sy .o fFitthe prsdaant a
perspective view illustrating the relationship between the illum nation
area 35 and timyemitiionalass ydetsem irkaaal iadgp vier,omhtere ther cinldl ymiatigyre lens 9 to
t he second | ens system 13 shown in Fig. 1. In Fig. 2, the scanning

di recti on SDcooridditrieat iisn)chagrgerdhe ficat iexdampdia h frsgpddie taxrdimaxy | umi nati on
area 35, and the direction on the second fly's eye lens 9 corresponding to
t he nonscanniing uiiimeatiicon tHoX thig arid idiedaria lvreinatdiore aird athearngnd 1t o
direction respectively. The first driving unit 23 adjusts the position of
the second flyineeya th@iihatilch,! divrBddnti1§f dhaPidgils e Sanditht
(direction of the arrow Al). The second driving unit 24 adjusts the
position of Hh%tffiwtﬂo@ﬁ%aiy%eerxg%}%d@d hﬁy i hPitidamiidcas 37
axis I AX (direction of the arrow AZ). The driving unit” group 25 shown in

Fig. 1is congplande @F Rhe? dndividh dninihatitd mphedhd WY Whdldpt fhuni t
25Y, and a fifthdriving unit 25T shown in Fig.” 2. The driving units 25X,

25Y adj ust  pagiided)S ffr HRAMPAONIHANT heY HeRfPel3 df ¢ dedtiffiction

(direction of the arrow A4) and the x direction (direction of the arrow A3)

per pendi cul agyirmhelth§ AL inRlvetiess OF ¥hed NS I i evetifiBsl 3is

respectively. “"The driving unit 25T adjusts the tilt angle of the second

l'ens system 13 ;afeut, Mandes passing through the optical axis I AX and
parallel to the axis (di'rection of the arrow A5). In other words, the

driving unit 25T agy Uglis L& aldemeiql 4 AR0llrddid IR e Of the |ens

system 13 in the direction corresponding to the non-scanning direction of

the illum nah9p,3n82 idx optical system is adjusted to have uneven
illuminance in which the illuminance distribution is

substantially symmetrical with respect to an optical axis
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Those usable as the driving units 23 to 25T include, for exanple, a

m croneter based on the electric system and a driving unit for displacing
a flange section of an optical menber as a driving objective with a driving
el ement such as a piezoelectric element. In this case, each of the driving
units 23 to 25T |s incorporated with an encoder (for exanple, a rotary
encoder) (nof sﬁbﬁn}liBm'HﬁF&SPeOPHéCBFSEY§E€ﬂentASﬁBEﬂ%nﬁﬁythétoﬁﬁical
menber within a range capabl e of driving &drlving stroke). Detection
signal s fronfff¥ EAcEBEFSChr ENSuBPEYER L&1VRENAPEer ngFeyseEAmPEeshERE in
Fig. 1. The driving system 26 38 _  controls the states of the second fly's
eye lens 9, ?HElFP?sWeWBﬁ§ ipsipfApsoatahgasheoBBcBRE1IFRAhsTaberewhzghpyst he
aid of the driving units 23 to 25T on the basis of the driving information
fromthe rmai ATEBROLE| SSparakedy Hramt AR g¥pesurenpsppRaPs. thet eegandvel vy,
for exanple, an electrostatic capacity sensor may be used for the encoder
for the drivPhdeohi er28 eenivgatenpipng Ehpbverfeand wWBishohAsi A Fig. 6A,
the arrangenent is made such that when the nodified illumnation is
perforned, tREedeksrminedstrgasmehtaBceadlipbréRuhangeditht Kegarertghe anount
di stribution-converting el enent 55 conposed of a diffractive optical

el enent (DOEFheyexppagra dhwhthbaamenit 56. The |ight anpunt

di stribution-converting el enent 55 corresponds to the optical elenent for
setting the exposbeeordgng beadnt bimthoaapeateaf theFigveshionheant he

nodified illumnation is perforned, for exanple, the aperture di aphragm 10b
havi ng t he texppsevafingbhadi far(odtlunénapénguaefiraphohjectOwitbr anhe
four-spot illumnation) is installed at the |ightoutgoing plane of the

second fly' sexpeshrasl@ghfheebinghndaawposingsar seaondnobgaetr wiihly thenent
55 collects the exposure light beamIL to the area having a substantially
tonal confi gexpeseneolighet béght phnsedi hhrphahetbé fhestecbpdct| gss eye

|l ens 9 by nmeans of the diffracting effect. The |ight anount

di stri buti onprevivdedi ngThecaxpostbei sethgd GOmpriseseaded in the
illumnation optical systemILS. Accordingly, the efficiency of use of the
exposure |ight beahanging amhabtedinathpghcondihionnteri thebfaratd on t he
waf er even when the nodified illumnation is performed. In this process, a
drivi ng uni tobge¢brdependinggonhe patternntofbeherarsbeadrednentgsthen 7B in
the direction of the optical axis IAx, a driving unit 62 for adjusting the
position of séeotdrebjeéehs system 7A in the two-di mensional direction
perpendi cular to the optical axis, and a driving unit 57 for adjusting the
position a of theadieshingecas tyclimaBonfcompobent shdpangesysoem 5 in the
direction of the optical axis |IAX are used. An encoder is also provided for
each of the symuetgical tcOBIOoNESRt G2 woayeseil bimifancexanpurevanni cr onet er
based on the electric system The arrangenent is nade such that the driving
system 26 i sexp@swie afowwnhtinldnnirradiatioresaptatht theoadpbsnsesyst em
57, the second |l ens system 7B, and the first |lens system 7A by the aid of

t he drivi ng Ligh Ibgampgrespechivey paand of the driving information of the
mai n control system 22 shown in Fig. 1 and the detection signals obtained
by the encoders. Tadjeskindithe ueent5e-synpnder pralicenpenent awptheatity of

| i ght anmount distribution-converting elenents for generating exposure |ight
beans | L havdipstiierdmre inc¢limabioncempesert ndentng ya dpsedebernbned on
the lightincom ng plane of the second fly's eye lens 9. The |ight anount

di stri buti orpenindrafter ef kererd juskinénwhd£htiheuddven illuminance or

uneven exposure amount.
According to an tenth aspect of the invention, an
exposure method for irradiating a first object with an

exposure light beam passed through an illumination optical
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efficiency of use of the exposure |light beamIL is the highest, is selected

to be arranged in the illum nation optical path depending on the
illumnation condition (i.e., the intensity distribution of the exposure
| ight beamIL on the pupil plane of the illum nation optical system or one

of the plurality of aperture diaphragns 10a to 10d arranged in the_

i | 1 uni nat i onsyppte@aRrndaeKPPEingi 8 espeadneRiect| withi $hgr expgenert lighti s
not necessarily indispensable to provide the first fly's eye lens 6 for the
swi t chi ng unbeaBepapsed tbtenghc&heo fRirgt objggitnist psovaded.e TI8ej s
attracted and held on a reticle stage 31. The reticle stage 31 is placed so
that it is nevpbburet mgtbodscamprisessity in the Y direction on a reticle
base 32, and it is finely novable in the X direction, the Y direction, and
the direction of detertdng The ewpodumendiighil bpesi vhon pmedetersviged of
rotation of the reticle stage 31 (reticle 28) are neasured in real tine by
the aid of | pienei phewhécbmeher second dbijecthgicoarrenged to3mheaBagedann t he
result of the neasurenent and the control information fromthe main control
system 22, aidllimingtrohochéfractexasplie, iacludéag abt deast aneobde acoi
motor) in the driving control unit 34 controls the scanning velocity and

t he positiondabtrliibutéebncbé skageude. afwuavabuatildnmimakcpl dnead3 conposed
of a glass plate is fixed in the vicinity of the reticle 28 on the reticle
stage 31. 4lirrkddatiénsheea afplkthe exewsulrkeudtighti bgamhandehi cl e stage 31
shown in Fig. 1. In Fig. 3A the evaluation mark plate 33 is fixed on an
openi ng of anedeeenadjiiadent ofothkeildtimihati8nopptliealesysitemst age 31 in
the scanning direction SD (Y direction). For exanple, thirteen

t wodi nensi onal i dmoviiagl aevakaati onemapkicatAeldmBnt. of3GNeare fornmed in a
substantially uniformdistribution in an area having approximately the sanme
Si ze as that iblumheaklibunopaticadh aysaemSoaf theebagdkuatfi themekspiratde 33.
The evaluation mark 36A is a two-di nmensional nark obtained by combining an
X axis mark 3TXumenpesied ochazakiteeiamdcgpace pattern arranged at a
predeterm ned pitch in the X direction, and a Y axis mark 37Y conposed of a
| i ne-andspace pat tipdatanganpedmehsarptiedeélleninaedopi thhraptelrds¥idi bgcti on.
Alternatively, it is possible to use, for exanple, a box-in-box mark. In

t hi s enbodi meansasfdeatcubadibat entdn, tivkedllhainakliapseharaonierdstike
telecentric property of the illumnation optical systemis neasured, then
the reticle ssageastred dekvenime;t hadY direction to al'low the center of
the evaluation mark plate 33 (center of the evaluation mark 36G to
coincide with themovahgr the ahelehktnbnat bphieandaelbmeapt boalthaxibasAx), and
the i mages of the evaluation marks 36A, 36B,... 36Mare projected onto the
waf er via thefpthegeapdanedptiltamingttiom Phardbeeriatyec36AP of the

eval uation mark 36A is shown in a nagnified viewin Fig. 3B. 42 Wth
reference to Fi g.Almaghod, fokepratiacillyi a detviaet adcandihgl doomhe waf er
stage 39 by the aid of a wafer hol der 38. The wafer stage 39 is novable

t wodi mensi onpréyeatohigveheid pbapeiskschhesspapablfeltrhasteerimgga pl ane of
the projection optical system PL on a wafer base 40. That is, the wafer
stage 39 is devabeepattarnonatanh gabseirhyei byt hsiXgdthecekposamet he waf er
base 40, and it is novable in a stepping manner in the X direction and in
the Y di rectmethoffuatberdingZtbeunyi ngenv€héhesasperctsontr thei pgeseat
position of the wafer Win the Z direction (focus position) and the angle
of rotation aheehtiba.X Axtsrdmfgt he Yhaexpsebenal saventdovper atedsi nto the
waf er stage 39. A multiple-point autofocus sensor (not shown) for neasuring
the focus popbssodblatte massaprbduot aehnsghlpgfpacetisnan teeiser vdcd af the
wafer Wis also provided. During the exposure, the Z | eveling nmechanismis

driven in acgpgHanefeWyidthheoatteloggeusyseyem on the basis of the nmeasured
val ue of the autofocus sensor.

BRIEF DESCRIPTION OF THE DRAWINGS
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Accordingly, the surface of the wafer Wis focused on the image pl ane of
the projection optical system PL. When the illum nation characteristic is
neasured, for exanple, the Z | evc~~ng nechanismin the wafer stage 39 is
driven on the basis of the neasured val ue of the autofocus sensor.
Accordingly, the focus position on the upper surface of the wafer stage 39
can be controlled by an arbitrary anount. The positions of the wafer stage
39 in the X direction 43 and the Y direction and the angles of rotation
about the X axisFighel yshews, whthtparziakisubpetpeastiredti vieeal time by

| aser interferometers in the driving control unit 41. Based on the result
of the neasultwshrahbngtaeptonecbionneéspaauienappanathe aacardongrbb 8ystem
22, a driving notor (for exanple, a linear notor) in the driving control
unit 41 confinst emeogbmentonfahbet heesenhninygentionity of the wafer stage
39. The main control system 22 sends, to the driving control units 34, 41,
vari ous pi eces ofignfdrsbowsnacparepachjyef vieexahphstrahéngogenent
position, the novenent velocity, the rate of acceleration of the novenent,
and the posillunindtsen afeaadh ahdtap opticht sysgem3tanginghéromfer stage
39. During the scanning exposure, the wafer Wis scanned at a velocity of
~Vr (~ is tsecond] ELty! ®neyaghehscattonaf secohfielersi syet@8 18 shewnaimr W
inthe -Y direction (or in the +Y direction) with respect to the exposure
area 35P ofride pattern inage of the reticle 28 by the aid of the wafer
stage 39 in synchronization with the scanning of the reticle 28 at a
velocity Vr in theg+Y3mi skowsoa pbani nitkeilYustratingnd wethclesgeaget o
the illum nation area 35 of the exposure |ight beamIL by the aid of the
reticle stage add anreviglhdtSsoproaeksplateodsierahd® RYgL d3Bnyhexposure for
unnecessary portions upon the start and the end of the scanning exposure

t he openi nghadmwst hed opEaat vbewotot bkl ddtrattevabhethbdndlot 4det sctingrahl ed
by the driving control unit 34. Further, the main control system 22 reads,
fromthe exjmsge e3 el aofiie, evaluatingxpaskte conditions to performthe
scanni ng exposure in a proper exposure anmount for the photoresist in the
respective shot Bigss 4m-40eilnistri¥éoa exechdd Adr optasunigypasure
sequence i n conbination with the exposure control unit 21 as well. That is,
when the coieltnd®ici atdémpdwest amind g exposue tcdnvernCompohent eafon t he
wafer Wis given fromthe main control system 22 to the exposure control
unit 21, thereddre eXpasitgnceontrol unit 21 starts the Iight -em ssion of the
exposure light source 1, and it calculates an integral value of the

i [lum nance of thibgexprtse 11lDstbeess |4 méthod especheasutbegwaner W (sum
of the pul se energy per unit time) by the aid of the integrator sensor 20.
The i nt egr alno/bineet icn resgporenz esnd up anadhef s¢at ionf composentine fig
exposure. The exposure control unit 21 successively cal culates the integral
val ue of t hiel Idnima tneore ete Basent picite. obt ai ned result, the exposure
control unit 21 controls the output of the exposure light source 1
(oscillation fremipenosA asitbys) Seiemepanyt) iahdoubeut) nmahy catponeiits heo

vari able lightreducing unit 3 so that the proper exposure anount is

obt ai ned atbd hesedsytendi ittee modiSied ihkbuphodoiesi b8 perfdbemeafley Mafter

t he scanni ng exposure. Wen the scanni ng exposure for the concerning shot
area i s comdllainethattiwn 4ptical system ILS shown in Fig. 1, and Fig.

6B shows a front view illustrating an aperture diaphragm
plate 10 shown in Fig. 6A.

Fig. 7 shows an example of the relationship between
the magnitude of illuminance and the uneven illuminance

when the modified illumination is performed.
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| ight em ssion of the exposure |light source 1 is stopped. An uneven

illum nance sensor 42, which is conposed of a photoel ectric detector and
whi ch has a pin hol e-shaped |ight-receiving section 42a (see Fig. 4A), is
installed in the vicinity of the wafer holder 38 on the wafer stage 39 of

this enbodinment. A detection signal S2 of the uneven illum nance sensor 42
(exposure ampunt Bigtrf behewhneatlevnghartt i11eshrabingppni edamplehef a
exposure control unit 21. The uneven illum nance sensor 42 may be used, for

exanpl e, Wi tIEJSUFYREnt ceeuvenge steri bhe(dbiyéBgordrAgofothReentire
l'ight-receiving section 42b shown in Fig. 13A) conposed of, for exanple, a
| i ne sensor @wmvnnmxn@xtenm|h@e|nllhmls@anﬂnngpulcebtswﬁtgm'dlrect|on) in
which the wafer Wis relatively noved with respect to the exposure area 35P
during the scannihigexposhwes anfpowcehaftoilinstoabingt annepémphe pin
hol e- shaped |ight-receiving section 42a. In this case, illum nances, which
are detect ecamtaat@hat it i agjostpennt sequenbe foanhhagitlilneihabmnonn t he
exposure area 35P respectively, nmay be added up at respective positions
concer ni ng tdptihont sspsoemg direction (X direction) perpendicular to the
scanning direction, and the illum nance di ~~ribution concerning the
non- scanni ng di r e€igonl frayhdres det E1ownebaoh fhitubbtrsating aheeadnpieupt
value. It is possible to obtain the illum nance distribution (uneven
i I I um nance)an nad hes troen s caeuence i fert tba nodibHieddel Atmbnabiohhe
averagi ng effect of the 46 | i ght em ssion of the exposure light source 1
i s stopped. decemdimg tdlansoeeomé eebsdimd2t.which is conposed of a
phot oel ectric detector and which has a pin hol e-shaped |ight-receiving
section 42a (see Flg. BPR)shows| ngithl|partbal heuvoutpi ay atrahgemeher hol der
38 on the wafer stage 39 of this enbodinent. A detection signal S2 of the
uneven il | uninbnsersensgra 4@r ¢ pxPoson cerposiaie dapbarauts oageasdinggtonat )
is also supplied to the exposure control unit 21. The uneven illum nance
sensor 42 mayhixd usmisbd fmenexafptite présent!| ighéntoel vi ng secti on
(corresponding to the light-receiving section 42b shown in Fig. 13A)
conposed of, for Ekqnpl2e, skows ne@ penspecoiva ClBveklbastngtingt bhescanni ng
direction (Y direction) in which the wafer Wis relatively noved with
respect to tiel exjpossiip ar@ecSOinkyrangil hemicanhongaeepo3br andi anpl ace of
or in. conbination of the pin hole-shaped |ight-receiving section 42a. In
this case, idptivcabnegsteniugilgitig fledecheseednd plyral éeyy dénpodnts an the
scanning direction in the exposure area 35Y respectively, nay be added up
at respecti veiyadiblnd Comcshiowmoin RigontBcanni ng direction (X direction)
per pendi cular to the scanning direction, and the illum nance distribution
concerni ng the : -Bigcandh nshalrs extpban Nejebei bt st natiengoant brpbaare of the
added-up value. It is possible to obtain the illum nance distribution
(uneven il i wdewmraae] am drevewn: Ehaninagee i sensoond2 p apndsFilgr at3Bn of the
averagi ng effect of the 46 uneven il lum nance in the scanning direction
by the scanmhwwexyrosenample cof 4 hidevxobon es gnaht obitsinedubyobhéexposure
anount unevenness) concerning the non-scanning direction on the wafer after
t he scanni ngareeyEs L Eluniheaed®rsendgdre optim zation of the illum nation
characteristic (correction of the uneven illum nance) described |ater on
may be perforned mygsisi At EC reisow tstdtédei mewlsiclenelé . ardlgeesape or
equi val ent illum nance distribution can be al so determ ned by using the pin
hol eshaped |tdfdti®c e Vi cesdntoradden bfilver dbIensi ®hais ychangeg ihe
waf er stage 39 during the neasurenent of the illum nance. Al though not
shown, a radirtdedwaauUr HHRWI o rd Wmisdd Ireen@. | i ght -recei ving section to
cover the entire exposure area 35P, is also installed. A coefficient, which
is used to indirectdsy. dgprmaeside thé Woneaceropidher et€r pLatensthe
detection signal of the integrator sensor 20, is calculated on the basis of

t he detectlQﬂuﬁlgﬂyﬁefﬁpﬁggbgzg&ﬁgoénbﬁﬁnnﬁ@rémwutor and the detection
signal of the integrator sensor 20. Further, a scanning plate 43, which is

conposed of a gl asigy sulstddes d éﬁé@&ﬁﬂ%uﬂl&heﬂl@ﬁéw@@ the waf er

hol der 38 on the wafer stage 39 A substantially ~~care opening pattern 43a
is formed in a light-sr~ielding filmon the scanning plate 43. A
light-collecting lens 44 and a photoel ectric detector 45 are arranged on
the bottom surface side of the scanning pgate 43 in the wafer stage 39. A
spatial image 47 measuring system 46 is constructed by the scanning plate
43, the light-collecting lens 44, and the photoel ectric detector 45. A
detection signal S3 of the photoelectric detector 45 is supplied to a

cal cul ating section in the exposure control unit 21. Only a part of the
spatlal i mge- neasurlng systen146 (|nclud|ng, for exanple the scannlng
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the evaluation mark and the opening pattern concerning the scanning
direction and during the relative novenent of the imge of the evaluation
mark and the opening pattern concerning the non-scanning direction.

Further, for exanple, the opening patterns 43a of the sanme nunber as that
of the plurality of (five, in this enbodi nent) eval uation marks separated

i n the non-scairitignedihigc tdomraermyine droritdcimomathieorscared ) @Hmt a3 in the
non-scanni ng direction. The wafer stage 39 may be noved in the scanning

di rection t o optnidaiueystend ataaeyindef riomage s eafortdh ef Iiyespepte Vieerey &l dad iaon
mar ks arranged in the scanning direction for each of the opening patterns.
Oppositel y t ditxesl didwel 1tdre odfpenip® jeadtierm exgis ufe tdppammsiunber as
that of the evaluation marks may be forned on the scanning plate 43
concerni ng t hecaaaimgndolia eurah elibwdiaferrt fghe3Dremente imxmaction t he
non-scanni ng direction to continuously detect the imges of the eval uation
mar ks for each of rille aFenisPwatd &ocentrdtlich Fidasdtflatd 51 pEftaiabl e
that the nmovable blind 14B is driven in accordance with the novenent of the
waf er stage §Pus@h Rabodiment ,parilg .Ofl & HdwWsi RAldBnARMED S
irradiated with the exposure light beamIL during the detec~ion of the
plurality of gawdlrlidutddnkthd RditRerftddtion iffi ItengriersaryL A hatid he
waf er stage 39 is subjected to the stepping in the scanning direction when
the inmage of 1t7lke shicalsuat iskiz ol koot taRaNi i taat tfldtare s datinel y 49
noved concerning the non-scanning direction. In the latter, it is necessary
that the waf gecondempddinerid] ¥Gled 1170 tdRowE ePRIrhdn ttdhdwn- scanni ng
direction when the image of the evaluation mark and the opening pattern are
relatively maved GRugaoN E tthe TeHYEMT aHIAC i iQerT IR OrELB | Rharaf er
stage 39 may be nerely noved once in each of the scanning direction and the
nonscanni ng GilgRChizen sthvweO I ket tdile Y Hutdomhown in Figs.
3A and 3B, when the position of the image 36AP of the eval uation mark 36A
in the Y directi ofjigs.Maawed sHiwn St 2P RhikH A ArAOfot he
scanning plate 43 is noved to a position in front of the image 36AP, and
then the waf ebtahadn 3F iaS cHncedit ra AT it FAGR SO Wddbridith PRI NY
pattern 43a. During this process, the position information on the wafer
stage 39 is &i¥enseRPoldthdn? it theP@r s iRt i3l dharddws aird of the
mai n control system 22. The cal cul ating section in the exposure control

unit 21 cal cih®e@s walyg .position of the image 36AP in the Y direction from
the signal which is obtained by differentiating the detection signal of the
photoel ectric det @GlyQr 142 R A G ridte Y dntdatdfond e M erp1dtagea 639 in
the X direction. Simlarly, he position of the image 36AP in the X _
direction isagkcdedialgCitoaze @ iRetns Grbydithente dfMagR ARt tittrehtdidect i on
with the opening pattern 43a. The position infornmation on the image 36AP in

the X directipa #1¢.t NOBY sHiRAC itirahsnS tHamRld @ StG ittt iBHa 10 a elltd
system 22. Wth reference to Fig. 1 again, the evaluation mark plate 33 on

the reticle glfagagits UFe rotQad IdfUENRRGH NI ibh ALl Yraof the
waf er stage 39, and the spatial inmage-neasuring system 46 correspond to the
characteristihgqneasuring systemfor neasuring the predeterm ned

iIlum nation characteristic (optical characteristic) of the present
invention. Next, a3gexamRl @nelst Re seondt idagceRRTait ih faN 1t iglaAldG 3 he
predeterm ned illunination characteristic of the illumnation optical
system of thigceragdgTRe! tWed ks ike nexpiidiant hiane el vl srlwects, as
the first set of the predetermned illum nation characteristic, the _
di spersion ok yhhemiikkd4fcRana] rdi)syiishiAR i@nst RE WXRASUE Y idilaRpaB IL in
the illumnation area 35 and consequently in the exposure area 35

(herei naf ter okefgihedoh0 odS thuh @Vak dnlth diRANGe Dee Al dthe ¢20] | apse anmount
of the telecentric property of the exposure |light beamIL with respect to
the reticle 28 (hereinafter referred to as "illumnation telecentricity"),
because of the followi ng reason. That is, the two illumnation
characteristics nost C ok k §1lifRpBd by the

proj ection optical sy?%néﬁpg%@@tﬁé %ﬁ%t%esiﬁ@%ﬁgn ltqﬁg wager W The uneven
illumnance is divided into the primry conponent (referred to as
"inclination conmponent")
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51 concerning the position of the exposure area 35P in the non-scanning
direction (X direction) and the secondary conponent (referred to as
"concave/ convex conponent™) concerning the position. That is, assum ng that
the illum nance is represented by a function PF(X) of the position X, the
illum nance PF(X) can be approxi mated as follows. The coefficient a
represents the inclination conponent, and the coefficient b represents the
concave/ convex conponent. In this case, the uneven illum nance conponent in
t he scanni ng dir acot egempYadiyr esbodijnens aferthge ppriegenlie inyamtiiog exgdsur e.
Therefore, the uneven illum nance conponent in the scanning direction is
not especi abeyeapleaiakedabedowolyjidtt rief etriens ee oo dihee dir awliing scondawv e/hdsnvex
conponent is also a conmponent which is symetrical with respect to the
opt i cal axi sefmbpddinentsy et preaentoinpveantipn RS( Xpplied tobXz stanfinet
...(IA) The illumnation telecentricity is divided into the inclination
conponent s espbkureorppeepirs)ject idnc expesperdiapparatilse basedagan amgl es of
inclination in the X direction and the Y direction of the exposure |ight
beam i n t hesitkpuahdaktcan ayeseddb ofexhes stepaand-3TRkcharysttaa.magni fication
conponent a corresponding to the average angle of inclination in the radial
direction with respect to the optical axis of the exposure |ight beam In
this case, the focus position of the wafer stage 39 is set to 52 t he
position defocused by b with respettst oEhbhed{imentsi ng position of the wafer
stage 39 in this enbodi nent. The positions (distortion anounts) of inmages
of a large nunberigf evahbabi ansehelnatdee arpanyedéntt ofha eeitiivg focus
positions by using the spatial image-neasuring system 46. The inclination
conponent s expds@2é Bppdehens BEdthiemembedamentge shi Flhigamynanohrhe
i mge of the evaluation mark with respect to the amount of change of the
focus positegBimébelaBer iigati sdueeBPqRarel2ngdh:ba odehanmigechs talze
average shift amount of the inmage of the evaluation mark in the radial
direction. hi ekpssaweodighet soagckali.ngHbeeved)pltabsed ugiabler akerarce to
Fig. 2, the states of the second fly's eye lens 9, the first lens system
12, and theesp6sidel enghtysbamcé31canchadeonttod! ksdmpiet,ha &irth eikcliferfive
driving units 23, 24, 25X, 25Y, 25T respectively. The control as described
above nmakeslabepOogwhbe@ehgthontasl ninho hﬁSWFCIéyéri{meéD@ﬁéﬂn: 157
characteristics described above substantially independently as foll ows.
(a2) positigingl, adkestreydr f glavdEesgewndidié ynk) V£ hegs Ratfohle wabecal
axis direction by the aid of the first driving unit 23: nagnification
conponent agkfieadtoef oEheas! hHBER3t RORiILAl BaeRbhie whve( BéheRatiold oFal
adj ust nent ?or the first lens system 12 in the optical axis direction by
Eﬂe ggd of bbmieefaletdri YaBerynhhd24: meeradyelaapyex AnoeRpdetred 1lightof

e

beam IL (exposure beam), which is composed of an

ultraviolet pulse light beam having a wavelength of 193 nm
radiated from the exposure light source 1, passes through a
beam matching unit (BMU) 2 for positionally matching the
optical path with respect to the main exposure apparatus
body, and it comes into a variable light-reducing unit 3 to
serve as a light attenuator. An exposure control unit 21,
which is provided to control the exposure amount with

respect to the photoresist on a wafer, controls the start
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uneven il lum nance; (c2) positional adjustnment for the second | ens system
13 in the x direction by the aid of the third driving unit 25X: inclination
conmponent ¢ [nrad] in the X direction of the illumnation telecentricity;
(c3) positional adjustment for the second |l ens system 13 in the y direction
by the aid of the fourth driving unit 25Y: inclination conponent d [nrad]
in the Y di P8¢ ithe stophed Itlrl@rramtoﬁmtlélsé@@nﬂﬁ dihey expeBung |Lighgl e

adj ustment for the second |l ens system 13 by the aid of the fifth driving
unit 25T: | SOUrE&: iloRsc¥egdnadt the optipnt Heseddladdom dgaguensyi @rdf t he

uneven il lum nance. As described above, in this enbodi nent, the conbination
of the opti ®alseeepergydor vAhecHimpdng: g icaf e tdentvagiladd & 4 ighti-ni zed
so that only one type of the illum nation characteristic (optical

char act er i striegnciiggs yipditadt iigl lagd joisdege ¢ondriduoms 1ot ioer 1in |auditepmise
characteristics are not changed, when the state of the corresponding

opti cal nenbemnes.controlled by using arbitrary one driving unit of the
plurality of driving units 23 to 25T. Accordingly, the automatic adjustnent
fc~ the illum natlihen exipasacte diighitc beam & ,exddcthehas glass eat dlmatugdhy by
means of the sinple control. A1l of the basic illum nation characteristics
can be aut omhel valripbdentlighitedebycdnigownidg t3he passesy tdirduyh v dhesms- of
the 54 driving units to be five. However, for exanple, when the

i Il um nati oshapdngcsgsitem & asmposedowifr @ fdbjséctliens isysdrny 4fhend a
illumnation telecentricity, the nunmber of individuals and the arrangenent
of the drivisegond flenar sysliamgd® demandiedy adonighe igrdeadsteatn iored
characteristic of the control objective, for exanple, such that the nunber
of 1 ndivi duaptichlt heidr,i andg itnicomeiss inttoea. fAatstalfily,' s teyles 1anso 6f ear ed
that other illum nation characteristics are slightly affected concerning
the five driserng asi ks fitber ettaye, optt iicalddnitieghlatdro (@lnsif cxariederont he

i nfluence on other illum nation characteristics. Accordingly, at first, as
shown in a hbawgehdzeri)n Frpe 8xpbkeardr ldight balam IS deiheion redt.gods ch

i ndi cates how nuch the corresponding illumnation characteristic is
successful | frohanped filren tthy 't egedlievisn@ ,utiomes23nt a Z2¢ondbX1y2ST are
driven in unit anmount. That is, in the step 101 shown in Fig. B, the
aperture di egkeragmspbate $erskows anskicgndl sitageomiptdldadd it espta tiolre

illumnation condition to any one of those for the ordinary illumnation,
t he nodi fi edinl hufiirati dpnét sgakem AR aat opt ica 1f pathsibeind inguminrataron) ,
and the small a value illumnation. In the next step 102, the ith driving

unit (i = 18toahy af sebentli Yendr sysngmuiBt.s A3 rteda?5bpticadl egistem I(ort hi S
case, it is assuned that the second driving unit 24 corresponding to the
first | ens mugt ben t2fesredl eot ad. "bramhshapingsisgstEm?, asheredrli)yi mhiatount
12 95 serves as a light-collecting optical system, is constructed

by the first lens system 7A and the second lens system 7B.

An aperture diaphragm plate 10 is arranged rotatably

by the aid of a driving motor 10e at a light-outgoing plane

of the second fly's eye lens 9, i.e., an optical Fourier

transformation plane (pupil plane of the illumination

system) with respect to the pattern plane (reticle plane)

of a reticle 28 as the exposure objective. As shown in a

front view of Fig. 6B, the aperture diaphragm plate 10 is
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of the driving unit 24 is set to the center (d2 = 0) of the range capable
of driving, and the first lens system 12 is set at the optical origin which
is the designed position. In this state, the uneven illum nance and the
illum nation telecentricity are neasured. In order to neasure the uneven

i Ilum nance, glass substrate, on which no pattern is forned, is installed
in place of exehpBgeabpdy28rEAngRd WithcReCirgydas1apREWHIENdERghragnThe
illumnation area 35 is irradiated with the exposure |ight beamIL. The
exposur e areh085forstBeanrddnpnyt hdluBAnataAnR, ngndrpeEtiss dxaphirasmi on)
with the lightreceiving section of the uneven illum nance sensor 42 to

i ncorporate 1Ak ferceéenah dldnmingpien aReapneyampile| gfi thrcmodafded 42
into the exposure control unit 21. In place of the glass substrate, an area
in which no phlvminationer Aedapartueer dipphtags, 18¢ aampesedi AfwAi ch no
evaluation mark is fornmed in the evaluation mark plate 33 may be used. Fig.
4A shows a sphuralhtyhpéh(ihetbiposubedamenta5pong)seanantiria snelX
direction with the light-receiving section 42a of the uneven illum nance
sensor 42. AaperverésSlfoshmediifnedi §ighB deprces (bhesdetadiednobilgaue S2
plotted in this state corresponding to the position of the uneven

i llum nance sthenindRionaf es ahaybeB9¢xamplheoX Hheembdafiiedhe cal cul ating
section in the exposure control unit 21 of this enbodi nent cal cul ates the
val ue al of ihkubénation|i anti ansmaipooentudaof apketunevdnaphiragimnafde and
t he value bl of the concave/ convex conponent b by approximting the curve

151A in accorgangreVWshilliheoheashceqeaetoreBodaMibh.r eppechpkethire right
side of the expression (IA). The originin the X direction in this process

is the opticaia mgfgﬁégﬁxwé hh¢ BéOhEEB'98f89£é83£05¥§tﬁﬁbp5 eftugepi cted by

br oken I|i nes, he curve”151A 1s divided Into a |inear stralght l'i ne

152A and a r 1 n st ght line 152A is
al, and thquggé?fa ﬂn?sgféﬁé féﬁf quagé?gﬁéﬁ%528§53Aﬁﬁg b

SUbsequently*12}&H1£§£§6§n88nﬁﬁtEbﬂ-s% tbﬂlﬂ dggs£8mn9§89rgwagghlng Fﬁg

illumnation telecentricity, e retlc e sta I's driven to nov

center of ey pal #ation Bk eLBhedBo! anthEngeRkeLnal piliga ibyrigat i on

area 35. The stage riven to ve the scannf ng pla of the

spatial imager {RASHE ﬂ&ns¥§bgﬁi4§n£Oéﬁr89ﬁb£¥°ﬂlﬁﬂmiﬂgt¥bﬁ'”hbﬁégﬁehhe

exposure area 35P. T ng mechani sm er sfage I's driven

so that the focus. ogltlon of. the cannl t .to be higher
than the i ma éﬁ% 98¢t 2P cgla) s?tY%ﬂ? uWéEﬁ &?n$ iBhe projection

opti cal systen1PL by +S (8 1is preV|oust set within_a range in which a
predetern1néﬁo?%EBV%F?ﬁnbYstBﬁtéPﬁEH?reTﬂéaPﬁﬂﬁawlBﬁaB? tReaBdp&8Gre i ght
beam IL is started. As shown in g the i nages 36AP_to 360MP of the
eval uation ra¥kéIRgMOEOBEMBF t FR eW%%ﬁa??BFrﬂﬁrﬁyﬁFQWezgs WP&<Br oj ect ed

onto the wafer_stage 39. In this 57
collectively manages and controls the operation of the

entire apparatus, sets the illumination condition by the
aid of the driving motor 10e.

With reference to Fig. 1, the aperture diaphragm 10a
for the ordinary illumination is installed at the light-
outgoing plane of the second fly's eye lens 9. The
exposure light beam IL, which outgoes from the second fly's
eye lens 9 and which has passed through the aperture

diaphragm 10a, comes into a beam splitter 11 having a high
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state, as having been explained with reference to Fig. 3B, the inmages 36AP
to 36MP are scanned in the X direction and the Y direction with the opening
pattern 43a of the scanning plate 43. The obtai ned detection signal S3 is
processed by the calculating section in the exposure control unit 21.
Accordingly, the positions of the imges 36AP to 36MP in the X direction
and the Y di f&@mson tdranceland fraspingrhe ks peklegtante calthg SIS We
supplied to the main control system22. The origin in this case is, for
exanpl e, the ldaitebasm t Whighges s egtahdx dime Heaw Aplatitar ek k 36G

It is desirable that the novable blind 14B is driven in accordance wth the
nmovement of demesafigrtostadyel BEqrs ranlisansqthe & xgampased igfhta beam | L onto
only a part of the illum nation area 35, for exanple, only the eval uation
mark for whi ghoteeliesdgaid sigtediwniatiscted ightusiolg edteimpaleng 19. A

I mage- measuring system 46 during the operation of the detection described
above. The i wegestdfon seignadl &t iah the kint38ratoBadnsr cH) are suppluied by
def ocusi ng the scanning plate 43 by +8, are designated as i mages 54A to 54M
on the latti d® cepiectpedsune raykarol iutest 121 Fi gtheé A elRdrioohignisetoeeari

expl anation, the lattice of broken lines is depicted in a rectangul ar

confi gurati orthehalsbemtidn sigyrech udl |theali Sttrdmatdn ssrepreX@Erndiuche 0 any
distortion in sone cases. Subsequently, the focus position of the scanning
plate 43 is sdfluminamdeowss tthearexpresuestl fgcuderosill on bhe waft8r W as
Simlarly, the positions in the X direction and the Y direction of the

i mges 36AP tuhe3aEMBsafratiee tev daiabippsaiiris @AidHRy medfiMed eh gty m ned
by using the spatial inage-neasuring system 46. The obtained results are
supplied to taveuvrmtelggntaml itysismtxedriin DHAnenivons imhethereggsosS3GAP t 0
36MP in this case and the inmages 54A to 54M previ ously neasured. As shown
in Fig. 5A tdoatralnwat . syiengbdgatergonas] amite@bris <VA> to <VM,
t he twodi nensi onal positional discrepancy anounts in the X direction and

t he Y directiconstfridted rmmyahaibAfhd o 136MMHE renaabt @ veathgéhara ivee) faf ushe
position is defocused by -b, with respect to the i mages 54A to 54M as

obt ai ned wherxposurec Usigsideaon IIs wiaflp atesgsbdly tidd.thhevasiep e avderege
value <vl> (_ (cl, dl)) of the vectors, and the average val ue <V2> (_ el)
of the conporisniegrall valnaditdlerafeatayorbe R ittt lgn)mom itoresbpact to t he
origin are calculated as shown in Figs. 5B and 5C. The average val ue (cl,
dl) is the | rcdordanoe ediyghorehd detddteidn [suigmedt iofh thed eireredgratidy, and

the average value el is the magnification conponent of the illum nation
tel ecentrici tsensBubequently, in the step 104, the uneven illum nance and
the illumnation telecentricity are measured in a state in which the

driving anount d2Tofe texpodiund Ngight tbeddn iIL ,Sethilah tite targhgmdit tedi2max) on
the plus side in the range capable of driving. Accordingly, as shown in
Fig. 4C a cwhreuiyhlBhef bdat dgiledtteon 19 ,gpassSs afldoye threevapt Hhl axis

il lum nance sensor 42 is obtained. The curve 151B is divided into a |linear
strai ght |inaakb2Brendha aqfddrstc lamsy esyidh IPhustindte dptaldalatsystem)
conponent a2 and the concave/ convex conponent b2 of the uneven illum nance
are obt ai nedanés assecondn lfeng shfstand 13-, ( sdoond dptiata lors yergmonerdnd ci
d2) of the illumnation telecentricity and the nmagnification conponent e2
of the ill unsnetiess ivellgc edirasciintoare faedi ad fd qnIihen eatiors fF\@Td t o
<VM> of the positional discrepancy of the i mges 36AP to 36MP of the

eval uati on marikphIefn whied M@wan pPdrindFor defining the exposure

area 35P on the wafer W (projection area which is conjugate
with the illumination area 35 in relation to the projection
optical system PL and onto which the image of the pattern

in the illumination area 35 is formed) and the illumination
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Subsequently, in the step 105, the uneven illum nance and the illum nation
tel ecentricity are neasured in a state in which the driving anount d2 of

the driving unit 24 is set to the end (d2 = -d2max) on the mnus side in
t he range capabl e of driving. Accordingly, the inclination conponent a3 of
t he uneven il lum nance, the concave/convex conponent b3, the inclination

conponent (@¥ead3dp oh tthe iddtimleat28on rrelddca®d iwdittly ,thencexdpusure
magni fi cati on conponent e3 are obtained in the sane manner as descri bed
above. Wen liilghits beime ride Grido whalodulbaise d weldbh Wi g heatopemingy Hiiglddy in
accurately, it is desirable that the driving anount of the driving unit 24
is set to fowlawiowne lad Measw ehdacaeMany idinsvvidic© fAnthd Beanning
illumnation telecentricity. In the subsequent step 106, the driving rate
of the drividigedtiion?4 ¥ fdirdcdions syswmch?)thes real illeat2sd dnd udieng t he
measur ed val ues descri bed above. For exanple, 60 the inclination
conponent s gafd 6N adfee @il R MRE Rt Hh S dHnnmy expustiredand trd rdon-0,

d2max, and -d2nmax, are al, a2, and a3 respectively. Therefore, the driving

rate ka2 [ $is@anndinigh diesRedlon qxt e rdtdiomt igdrgeaienanr ad xms fol | ows.
ka2 = [(a2-al)/d2mex-(a3-al)/(2d2max)]/2 ...(1B) Simlarly, the driving

rates kb2 [ %aininkCdir@8ctdomlin khd d Emdddidentind 4€ 2ddTAHdvEb1R € al so

calculated with respect to the concave/ convex conponent b of the uneven

i I'lum nancep1tif@ i(ROVabald AN 1GHIRAASHNS Geld fiddhrddn Uniamt i ahe
telecentricity, and the magnification conponent a of the illum nation

tel ecentri citattethfoalblien B 1idides 4& 6 sStigisrtilIed s ARIeIHYdgdte t he main
control system 22. In this process, the dom nant value is only the driving

rate kb2 w ph) an@Spath r@siPeRtC AR ANy GRTIRN £ YIRARENt ThoffdhReineven
il lum nance. However, even in the case of the other value, those exceeding

predet er m ned jnavala MBY aheH@edtas Nahahickplitenaiddided By a
predeterm ned | evels may be stored as zero. Specifically, when the first

lens systemplédetedii@d amdRin® ifFont'the? JMISRIJUT pLdddl (Fag driving rate

ke2 with respect to the magnification conponent” a of the illumnation
tel ecentri Ciehimpaw, NG st g seN@isaet 8 Htalpands & SRR UPERN A erd@Xxi al

symmetry) nmay exceed the predeterm ned | evel in the sane manner as the 61
Publication No. 4-196513, the fixed blind 14A has an
opening which is arranged to extend in a linear slit
configuration or in a rectangular configuration
(hereinafter collectively referred to as "slit-shaped
configuration") in the non-scanning direction substantially
about the center of the optical axis AX in a circular field
of the projection optical system PL. In order to avoid any
unnecessary exposure upon the start and the end of the
scanning exposure for the respective shot areas on the
wafer W, the movable blind 14B is used to vary the width in
the scanning direction of the exposure area 35P and the

illumination area 35 defined by the fixed blind 14A. The

movable blind 14B is also used to vary the width
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concave/ convex conponent b. The operations ranging fromthe step 102 to the
step 106 are executed for all of the driving units 23 to 25T as descri bed
above to calculate the driving rates kai, kbi, kci, kdi, kei (i =1 to 5)
whi ch are stored as paraneters fox each of the illumnation conditions in
the main control system 22. After that, the routine proceeds fromthe step
107 to the stepaq®ndinqidge Wieetsicre orf ridie tgat thrvianea aa® e cal cul at ed
for all of the necessary illumnation conditions. If the calculation is not
conpl et ed, tretircdig i28e qetagmeing the dimptlith t(eawdadnnimng i | | um nati on
condition and calculate the driving rate. The driving rate has been

cal cul at ed fdirrexitlicof) tgerpdddimuilsyr dro ddraligqansindHohiavesrt idmhi $D entirite ment
is not limted thereto. For exanple, thE< driving rate may be cal cul at ed
for a part dfnfakinadfidrhen [Hheropsniony astdid icohsthelhowible Nyl irad el 4my be
determned for the remaining illumnation conditions, for exanple, by means
of the interimlatscorsuglciddtiontion dédmpdhass scaftidie dritvig. r arles of ot her
illumnation conditions. In this process, in the case of the second driving
unit 2~ (fi nsdldegnwisycdt e bhtaidesd dy \muig: ipsltye st Hea 2, 1 kawindgese concer ni ng
the centro-asymetrical conponents are anmounts of such extents that they
are ori gi naldeteraginedi irom |the Wstectdioy isigynall 0 ff Stharpecdgraiomot | ess
than a certain value, there is such a possibility that the 62 first lens
system 12 | $eaant20 by e dpdifithg Afativ S i agfe ddtua#l posSEimitadde sense
such an inconvenience. Based on this result, it is possible to performthe
adj ust ment . Jd¥exthe &xteanat. omrhe ldrimgadmtnidh dief ef Brse BDimd f1ow Hhart
shown in Fig. 9 for an exanple of the sequence to automatically adjust the
i Il um nati ormpinicdaiblsy BNyl 450 ddte WimMia) tatidte datinddrshas

descri bed above. At first, in the step 111 shown in Fig. 9, the

il1um nati osneidiitn grid.s 1sel e detangie, ailte of iddi Bieid Uren dia@phsegm
plate 10 shown in Fig. 1. The driving anmounts of all of the driving units
23, 24, 25Xdraadybdicd sRily ad hehatddiallep 8 tHatfwesh e Ko I asipangli 79
optical nenber is set to the optical origin. In the next step 112, the
uneven il udnipAgRe and vahighdtildinopidl tBisacantricity are neasured in the
same nmanner as in the step 103 shown in Fig. 8. In the step 113, the
inclination conpamniexgdsdui YL ighHP WM )18, At dheh £ s E ABugh
conponent (secondary conponent) b of the uneven illum nance are cal cul ated
i n accor danahenfiked ®IME Ay uEio) tHe Fxpodurdurddiiatddreciécl i nation
conponents (shift components) c¢, d and ~he nagnification conponent a of the
i I'lum nat i oni lemdeRROICidnear (€ 10antiHaliesh fikldiemext B agh ke it is
j udged whether or not the uneven illum nance a, b and the illum nation
tel ecentri Cigatternd plandy q Mvidy muadflasabler rangestirsecs «d hd fmaly one
of themis deviated from 63 the all owabl e range, the routine proceeds to
the step 1lyif0 apaloptlidiad e mipendig@mittior dis (iarr ilmdde-Yordiddie five
driving units 23 to 25T to nmake the uneven illum nance a, b and the

I | Tum nati onengl egericn a6,y aC sub-cdrdenier? FenL Byl L) athdvd nd iie
driving rates kai, kbi, kci, kdi, kei (i =1 to 5) stored in the nain

gont rlol ZySfc@lﬁH%%se'rn 1lhisS sy@tem 8e f Uddey rtesiiMmildnaitRAiSore QUiaHoNs may

e sol ved.

beam IL, the image of the circuit pattern in the
illumination area of the reticle 28 is transferred to the
slit-shaped exposure area 35P of the photoresist layer on
the wafer W as the substrate (substrate to be exposed)

arranged at the image formation plane of the projection

optical system PL at a predetermined projection
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-a = kaldl + ka2d2 + ka3d3 + ka4d4 + ka5d5 -b = kbldl + kb2d2 + kb3d3 +

kb4d4 + kb5d5 -c¢ = kcldl + kc2d2 + kc3d3 + kc4d4 + kc5d5 -d = kdl dl + kd2d2
+ kd3d3 + kd4d4 + kd5d5 -a = keldl + ke2d2 + ke3d3 + ke4d4 + ke5d5 However,
actual ly, the nunmber of those which are not zero of the driving rates is

about one or two in each row Therefore, the sinultaneous equations can be
sol ved extremabyi€aebkyonTPe (palisyl abededampileglanpuays)diviai thel to 5) are
al so stored in the storage unit in the main control system 22 as paraneters

corresPondingrb?eeeQBnOBptﬂeamlHggkbhypgfwh&bun&aakbqacgaﬁghbi%ﬂSthe _
Specifical~;, it is considered that the followng relationship is provided.

That is, botpgeh g@aegtivgﬂgfyakacié Q@dahpftﬁkiW%&Qruﬂgbpﬁgeﬁkgﬁﬁttkhe

concave/ convex conponent t he uneven | um nance an gnification

component a ehe! e bkl BEBALT Aal ShECSALLHA! bi1eBRt BEOknE4 prddifcdr i ving

unit 25T and the driving unit 25X affect the inclination conponent a of the

T and. 1ving Unrt 25X nati on_conponert
neven |11 U RaBGE. AACERRCLRGLERGL ] ORyEoReRENy §gof b chlagenaly on

telecentricit t riving cts the i'nclinatiol conponent

d of the i"HQEHQEEQEePﬁEEPEEEBSE?B¥-séH?E%ﬂﬁggkk§1é%ﬁﬁi&%ﬁtert oceeds to

the step 116 to driv rve driving units in the calcul ated

O eente T2 ThReY; 0TS (3149550, B ARERINELE), B Shel ke | hepoutine

and the i||UH}8§EEQQon optical system PL as the projection system of
this embodiment is a dioptric system (refractive system).
However, it is needless to say that the cata-dioptric
system (reflecting refractive system) and the reflective
system can be also used. The following description will be
made assuming that the Z axis extends in parallel to the
optical axis AX of the projection optical system PL, the Y
axis extends in the scanning direction (direction parallel
to the plane of paper of Fig. 1 in this embodiment) in the
plane perpendicular to the Z axis, and the X axis extends
in the non-scanning direction (direction perpendicular to
the plane of paper of Fig. 1 in this embodiment)
perpendicular to the scanning direction.

In Fig. 1, the illumination optical system ILS is

constructed, for example, by the exposure light source 1,
the beam matching unit 2, the variable light-reducing unit
3, the beam-shaping system 5, the first fly's eye lens 6,
the first lens system 7A, the second lens system 7B, the

second fly's eye lens 9, the first lens system 12, the
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telecentricity ¢, d, a again. In the step 114, if all of their values are
not included in the allowable ranges, the routine proceeds to the step 115
again to execute the calculation. If all of the values are included within
the all owabl e ranges, the automatic adjustnent is conpleted. Wen the sane
illumnation condition is set next tinme, the adjustnent for the

i |lum nati orsependalesyssesten tdnptieetixed hhiectléhel Yhehwevabiei od of
time only by driving the driving units 23 to 25T on the basis of the stored
driving anounmt sndli 14Bs tescinaded-bbovengi hendi sysbodmndl fenthet sreb-
illumnation charG-~2ristic can be automatically neasured. Therefore, all
of the neasuwemndensseqglensesystemnhk? drand nghe ahaishowmdéns€&rgleBsand t he
automati ¢ adj ustment sequence for the illumnation optical system shown in
Fig. 9 can beypeefiolded The abl hesisatiessopeioel . spStem NEKS , oexphanat i on
will be made for an exanple of the adjusting nmethod adopted when the

nodi fied illsobtabhednbySadpeifgrukrd dyposstal 1ighttdeunpertheretoaphragm 10b

for the tonal illumnation (or the aperture diaphragm 10c for the four-spot
i I'lum nati ongostespends gbd - Ohé 9ol hamphabvtonfsyseemesdnthél preseye | ens 9 as
shown in Fig. 6Awith the illum nation optical systemof this enbodi nent.

In this caseinvéetioght Bheushticslrakisi DX convenéi hylenenabion5, which is
conposed of a diffractive optical elenment (DOE), is installed in place of
the first flypcicyE $gsbe ShOWIsi Bofh@idént | wiphatkeobpthealli akiachkve
optical elenent, a prismincluding, for exanple, a conical prism(axicon
for tonal ildfiMtnatpesjecbton @?tﬁmpfsyﬁeexﬂuaﬂranguharreyianédzBypeIn
(pyram d type) (for four-spot illum nation) may be used. In order to adjust
the illum nathps énieedDhehbp &XpPoOssit edrighigbeait| 23\ dhseespactirivoihge
second fly's eye lens 9 depending on whether the aperture diaphragmto be

used is the appet24p 4i @apivege dRbt ogrd@p, 25 herar inggeIEsd t6 BhRde such
that the first |l ens system 7A can be driven in the direction perpendicul ar

to the opticebcawd Sthy' é heyai Uepé 9hetHei Fingt UDehs62ysaed Lhg araovHel ens
system 7B can be driven in the optical axis direction by the aid of the

driving unitsgggn@\z@@g1gp§t§ﬁl15ig@§becaﬁv@pyical signal to continuously
- change 66 the aberration, or an optical signal to distort the cross

section of the beppyby2rohehsng peeybedtiveabibwnsllaytbetingdtha pl ace of
the light-collecting optical system (beanshapi ng optical system conposed

: g; th? | ens syPad€IGnIHip Bethdeh NEheasElOhinhCiONt aL8L SFShaM shewn in Fig.

- optical system ranging from the second fly's eye lens 9 to
the second lens system 13 shown in Fig. 1. 1In Fig. 2, the
scanning direction SD (Y direction) for the reticle with
respect to the illumination area 35, and the direction on
the second fly's eye lens 9 corresponding to the non-
scanning direction (X direction) are the y direction and
the x direction respectively. The first driving unit 23
adjusts the position of the second fly's eye lens 9 in the
direction of the optical axis IAX (direction of the arrow

Al). The second driving unit 24 adjusts the position of

the first lens system 12 in the direction of the optical
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has been confirnmed by the present inventors that the uneven illum nance is
qui ckly changed depending on the illum nation area used when the second
fly~s eye lens 9 is locally illum nated. The factor of the change of the
uneven illum nance is specifically divided into the follow ng factors. (1)
When the local illumnation area is small, the inmage plane illum nance is
i ncreased, be¥bsisBAX hedhreohionfofi ghe puESWNH2d kr oThA dhHéving unit
aperture~di aphragmis | arge. However, sonme of the effective el enents of the
second fly~sgrgep| 2hssBownein| Fugi nht 28 canathuactedi hysaethindndrivings
badly affects the uneven illum nance. (2) Wen the local illumnation area
is large, thenimne®X,ial tounbhcdrivingtudéte?bbs aand. aHOREYBr drdvingur se,
t he amount of |ight shielded by the aperture di aphragm 10b, 10c is
i ncre~~~d, aumlith25T nslyewpl aneFigl udi nafbe dsivomgredits325X¥hend5¥he | ocal
illumnation area is eccentric, there is such a tendency that the uneven
il lum nance adjtde pomieiphanefi thal secbndeledsonayahgmol3t he thghy and | eft
67 sides (inclination conponent). This results fromthe fact that each of
t he el enent sdbfettiosecdindettyon efethenarPowassd)henfli bheexsdieection
Accordingly, in this enbodi ment, when the nodified illumnation is
performed w {ditéetioghtfatbenardost ABbupeppendiwelarngoethreeoptibala
speci al adj ustnent sequence is prepared as shown in Fig. 10. In the step
121 shown i nakxig. 14X, of heherasvordebensf sybeenlr 18 pgspateisbdyn i Théig. 8
and the automatic adjustnent sequence shown in Fig. 9 are executed in the
state shown dnivigg dnit. 25T Kyjasetsi ohet beler dhgaeyof! thei satobnd. 1efst he
next step 122, as shown in Fig. 6A, the first fly's eye lens 6 is changed
to the |ightspspemt 13l sboubuthenagesvpassnggetRi®aghSbheasgtibalapgikure
di aphragm at the |ight-outgoing plane of the second fly's eye lens 9 is set
to the apertise shapbapgilddbtorthAfcyfakishedipdetiod of! unenakrow. Abp.t he
next step 123, the uneven illum nance is nmeasured by using the uneven
i I lum nance Bensolied2wshasmn theFdgivingTaaitnebrnadijastsothenenitaaaglet he
concave/ convex conponent b thereof are calculated as shown in Fig. 4. In
this process(andléhef udgyeination)nafcehbaveng spsesinr €Beihnehenation
appears on the both sides of the illum nance distribution in the
nonscanni ng direction, cénpespéndanyi batthe fnonpsoenhingedieedsibheor
al l owabl e range, then there i1s such a possibility that the |ocal
illum nati ontigé el iomECEEDOh| §rés gsscri bed above. In this case, in order
to allow the inclination 68 conponent a to be included within the
al | owabl e range, theséitsablensssyhéear7hing ahitsed3i dot beTdinethden
corresponding to the X direction or the Y direction in the plane
per pendi cul afot cexdifp D} | & ahiaxometdhebasadavn/ thavexecopponspstbmpf ahlie
uneven

a driving unit for displacing a flange section of an

optical member as a driving objective with a driving
element such as a piezoelectric element. In this case,
each of the driving units 23 to 25T is incorporated with an
encoder (for example, a rotary encoder) (not shown) to
indicate the displacement amount of the optical member
within a range capable of driving (driving stroke).
Detection signals from the encoders are supplied to the

driving system 26 shown in Fig. 1. The driving system 26
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illumnance is regarded to be the evaluation object in this state. That is,
the routine proceeds to the step 124 to judge whether or not the

concave/ convex conponent b is within the allowable range. If the

concave/ convex conmponent b is without the allowable range, the routine
proceeds to the step 125 to shift the second |l ens system 7B in a

pr edet er ni nedosteplanbhat statefecdptheapearnd dlvést e¥R. 1ANSeP t BhE, the
routine returns to the step 123, and the concave/ convex conmponent b of the
uneven il unfhanatelessnerstendlagapndt shpudgeondHetlhap syshem €BReby the
concave/ convex conponent b is within the all owabl e range. The correcting
operation isaésdechit theudrivingeundhsavd/ toneé¥ conpbeehashsi ofi hbeuded in
the allowable range in the step 124. After the concave/convex conmponent b
i s included driwingt hefarmatabheframgthenmahe sbepro24syshemr 3dt and the
proceeds to the step 126. The |l ens ~lstem 4B of the beanshapi ng system 5
shown in Fi gde6éctsogradyably.chahyednésdiarigd) fby expmpdet, eam ned anount
in the optical axis direction. The uneven illum nance sensor 42 shown in
Fig. 1 is scabaetiroatahécnoapacanpi agndoremayobeatiselef62 theespeotieve
positions (positions u) of the lens system4B in the exposure area 35P

i ncl udi ng nofpat thendrirmjerg dhétdaBatar Raf.of the detection signals S2 is
i ncorporated into the exposure control unit 21. Further, the detection
signal S1 of the Intehiatembsdiment?20assshbwsn tincBipgor 8A¢dthet o t he
exposure control unit 21. In the next step 127, the difference DI P between
t he maxi num sarargemdnthésnmnadeusuehl thaef whba daeembddfiiedgnal S2

(illum nance) is determ ned as the uneven illum nance at the respective
positions a efltuhénhensnsyst per4Brméle mhenfivde @iyt beeiykl uehBaBCcean
(average value) IP on the inage plane is indirectly determ ned fromthe
detection sipeaex&hanfedhwitht egr aightsamsant2aisitrebaalieul-abnogrsgagi on in
t he exposure control unit 21 allows the reciprocal (1/D P) of the uneven
illum nance &LEmentd bbecompgsef! afeai Hlidfiragnieel Bptacadr egspend f{pokhe
respective positions a of the lens system4B. Fig. 7 shows a di agram
obt ai ned by pyousing ahswitepnéngl aneti bbum maeceiyRtaasiouhe reci procal
(1/~1P) of the uneven illum nance with respect to the position a for the
purpose of baiseribateosteonregtihg Elemert bbecberezpohdk asi sheepresents
the position a of the lens system 4B, and the vertical axis represents the
i mage- pl ane optidabasteméit apdrt Yettengptheakbxpdbuk®) 1aghthpedmerena

illum nance SIP. A curve 59 indicates the imge plane illum nance IP, and a
curve 60 i ndiceatsatbe. 70 reci procal (1/~1P) of the uneven illum nance.
In this case, when the inmage plane illumnance IP is increased, then the

reci procal (1/Dl PinoFigheeapenreni themnodhiteedsitizamneénaedonatid t he uneven
illum nance is increased. Therefore, it is understood that the inage plane
i I lumi nance pegfdhmedpefen ekbmpleantheaaperbukbediephragnsiop hhving
trade-off. Accordingly, in this enbodi nent, the range 61 of the position a
(ul s a s u2ghei Bondl chohhegupageon! aoe theuapsabaeei diaphrhgmsivbafotrhe
al l owabl e value TL1 (position u2) and the reciprocal of the uneven

i I lum nance thenpdbutespot hahltmenat ionablie vakualIed 4poshei dhght), is
determ ned as the settable range for the |l ens system 4B, and the range 61
is supplied ¢orgdbengaphagendfotheyséeond2f1ynst bgendshssbep TRE, 1ifrtnai n
control system 22 shown in Fig. 1 sets the position a of the | ens system 4H
shown in Fi gamédnt od bet i bht lohheoneeiabhg easgentlsbycbheeats ehet he
driving system 26. Accordingly, a high inmage plane illum nance is obtained
to successf ubkpyosiips Oveghhepdimotghpot thé dPheackposngeaskapsthitihgly the
uneven illum nance is decreased, and it is possible to obtain a high inmge

formation acgemarycontigiyatid® andthandoghtneresmihfupiaaacesi shaeasur ed
on the image plane, when the optical elenent for the nodified illumnation
is shifted ifeddigd OPly €&l ep&i Pens 9 by means of the diffracting effect.

The light amount distribution-converting element 55 is also
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71 direction, then the random uneven illum nance can be dissolved in sone
cases. As described above, the various characteristics of the illum nation
optical systemare changed by driving the arbitrary optical nenber of the
illum nation optical system However, when they are selected at the stage
of design, and the optimumdriving unit is incorporated into the automatic
adj ust ment beelleded, in helei illenpozision coploidal thgstempibye the chasing
accuracy for the uneven illum nance and the illumnation telecentricity. In
t he enbodi neetoxidingl pedtadovtf ibbemcyfof esenel ebhe | exposane el agltt he
col | apse anobunt of the telecentricity are nmeasured (detected). However,
only any oneearfi Ihehs neyhdecedasuk daigfuil heminagce oist petaoneédper theunt
of the telecentricity, the inclination conponent is divided into those in

t he X di r ectaber aenven heheh di he atodif ted pel Tunimabeomeds upentormedioneler ,
any one of them may be sufficient in sone cases. In the enbodi nent

descri bed ativii®, ptdeeswmevaendrivimy nance 58 fdre adjusciangi bhedposttion is
detected in the scanni ng exposure apparatus. However, in the case of the
static exposfirehsyséerndi lens pyetem abi ein hilie tdereceiien ofl thenance i s
detected in the X directi”n and the Y direction respectively to performthe
correction éfpiet@dbraxisn FAY, HAlriviendiwhit addufibr dadfusbihgovheonverting
el enent 55 is arranged in the optical path of the exposure |ight beamwhile
bei ng exchangetlt vk hot hehéi fiist | Véss eyestém 7Aeis Bhdutwogdimensbondl ed
illum nation. However, for exanple, the |ight anount

di stri buti ofii cedtvisi | Prseedbmilad taytihe apt bogbdades yeandt hedexposyr e
light source 1 and the optical integrator (first fly's eye lens 6 in this
ermbodi ment Juni® $hi Socas@jusbndi o podltioni $tof buhéoseoonérleng el enent
55 may be exchanged wi th another elenent for generating a different |ight
anount di stgyHeém 0B e peindi Bgamrshdeisdhangetoh 5 heni thendbascofonoadi ti on.
Further, also in the illustrative arrangenent shown in Fig. 6A, the |ight
amount di stEhdubpOlcEDraLls i THX cheaeiéedS nmy decedehabgedliorprbosdedior
the zonal illumnation and the four-spot illum nation. This enbodinent is
illustrativeopfedcltase tie Wik thieg funies RMenber)6nfcompopedsen; faxention
is used. Fig.- 11 shows a schenmatic arrangenent of a scanni nhg exposure type
proj ecti on SXAMS1E £ ANPEE PSSt ORSIBEs &M dietisé ept 680r 56 agysysinem Dhet hi s
enbodi nent. This exposure apparatus has substantially the sanme structure as
that of theexpogetien@pParmdds SECIOrehag tive tdeivingt sesbedi penisexcept
that a concentration filter plate 51 corresponding to 4 rlaner area with a
vari abl e t redsab1é adiE ecs St d1 Dirid Ofhé Sspabes detl, théesdeoniingenyssgstémar the
fly's eye lens 9 is not provided, and the structure of the driving system
25 is di ffesenttie aseddred léng heystemt 7Bpband mehe . £¥Bst Tarscsyseamr ahi on
filter plate 51 is provided in the illum nation optical system|SL. Mre
speci fical Ipy the sDdcenttied i dniving einptait®7 5158 62rangtheabashe pfane
which is further defocused by a predeterm ned anmount fromthe fixed blind
14A, i.e., e tdeiwimgeindooiatsoslofhthy mefwcesetrdl osysbemcdd) shown

pl ane with respect to the reticle plane. Wen the concentration filter
plate 51 isimrrafnged aid ttiee pdatrectbrhsignsls obbtyined obysetef rom t he
conjugate plane with respect to the reticle plane, any inage of foreign
matters sucdh@sdétis! orhé hewitdeimgheied 30 e venpeoviacdonithl aer plate
51 can be prevented fromtransfer onto the wafer W Alternatively, the

i mage of ths eedceny ref | Dight | dAmdukt ad £s Sdiwit { be-Eoneegoingt etemenys be
made to be anbiguous in the illumnnation area 35, i.e., the decrease in

i 11 um nancesaini §eéxidhtd ii@d Ce Gsseesient d iyt theatkecreasevinguai feenehy of the
exposure anount distribution on the wafer Wnay be avoi ded, for exanple, by

driving an pptikilae] Giredtedd of el €y @isteasht ooes pf ohhehkensghyst ens
16 to 18 or an unillustrated diffusion plate) arranged between the

concentratigi-diidfrpPamd PPk ddtond eﬂfl@ eyeplags of ornénm?m@i nation

of the arrangenent” of the concentration filter plate 51 at the defocused
Flane. The gonaantdaid o di{delch il S Dy BYeen €l raderdwAtchhengl ane which
is close to the |light-outgoing side of the novable blind 14, not on the
light-incomng side of the fixed blind 14A. Alternatively, for exanple, the
fixed
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74 blind 14A may be arranged at the plane in the vicinity of the pattern
pl ane (reticle plane) of the reticle 28, for exanple, at the plane close to
t he upper surface of the reticle 28. The concentration filter plate 51 may
be arranged at the plane which is defocused by a predeterm ned spacing

di stance on the input side of the novable blind 14B shown in Fig. 11.

Accor di ngl y effie ienavert stsorf ithereipeauwr s Lidt heamsih isthgged.

Al ternatively, the concentration filter plate 51 may be arranged at the

pl ane whi ch Highesiar difed ghashethdihdre comjanr® ¥ dhe Wihmiasgie@n t o t he

i mage plane (i.e., the conjugate plane with respect to the reticle plane)
whi ch is di fofpdria@l fradih tdrPeiidimg (@brjhgyatlel Yidst Mn [eanigelan t ol t+the

i mge plane) at which the novable blind 14B is arranged in the illum nation
opti cal systtdra lirS.erfeort yexdirdiributidr f 1the texpapientightt dredn | Xlerompl at e
51 may be arranged at the plane in the vicinity of the pattern plane of the
reticle 28, the penzidplpdars athehe ainlel weigsmtaitagd dpt jcail exfestteams med espaci ng
di stance fromthe upper surface or the lower surface of the reticle 28, in
a state in wii dhe pduiadedtblafhdpertuse atiaplyesgns 1w ta didd tarwdngdd
novabl e blind 14B. Further, when the projection optical systemPL fornms an
i nt er medi at e.n rege idtl unhisnd trisind eptt v lc edent irattilors fénbadingndt e. 51Imay be
arranged at the plane separated fromthe plane of the formation of the

i nt er nedi at ehimagerangeanwert,, aist fioy ndie mevedd ax Dy nichdlidhperdmblearto
arrangenment is also available, in which the novable blind 14B is arranged,
for exanpl e, prdwaiskd ythe fiirstr efliyclse gyeankeendré Vviowg the tswich Dby WRitar e
installed to the lens systens 12, 13 and the concentration filter plate 51
of this enb&di.nent respectively. Fig. 12 shows a perspective view
illustrating the relationship between the illum nation area 35 and the
optical system rangimgdfiexaride txeciyl f1 Waaiye Hlensreéx ialée @8 fixed blind
14A shown in Fig. 11. In Fig. 12, the scanning direction SD (Y direction)
of the reti dtensdted eapkdield drhe itdtuinImtstaygaria 38Thandetiwleli recti on
on the fixed blind 14A corresponding to the nonscanning direction (X
direction) atmgtesilgnat gdased s Yhbt edt i in neowhblee 3¢ di rapistoamt
respectively. Onty the slitshaped opening of the fixed blind 14A (fi xed
field di aphrveegciity iid utte &t etirectivn dmva netiale hasariangankntt, ide
driving unit 24 adjusts the position of the first lens system12 in the

di rection offitnfed yoptdvaddleaxirs HhAX.X Thieretri domg the tY 26 dwivion n dnd).tHd i s
different fromthat in the first enbodiment, which is constructed by a
driving uni dizERtsivowofl rdligici?.  Titee diwosdignens forbR ol sien tdred ti | t
angl e (angle of inclination) about the axis which passes through the
optical axi $hefdmfld lvef eoetdidrernst shist ammtlixlandstege Bl s(pzratlel28p t he
Y axis, i.e., the tilt angle in the direction corresponding to the

non- scanni nqrei meEsuwredfin/Geal time by the aid of laser

interferometers in a driving control unit 34. Based on the
result of the measurement and the control information from
the main control system 22, a driving motor (for example, a
linear motor or a voice coil motor) in the driving control
unit 34 controls the scanning velocity and the position of
the reticle stage 31. An evaluation mark plate 33 composed
of a glass plate is fixed in the vicinity of the reticle 28

on the reticle stage 31.
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the illum nation area 35. Reference may be nade to the arrow TX shown in
Fig. 12. Further, the driving unit 52 shown in Fig. 11 includes a gear
section 52G which is installed to the periphery of the disk-shaped
concentration filter plate 51 shown in Fig. 12 by the aid of an

uni I lustrated ring-shaped hol der, and a driving section 52Wwhi ch incl udes
a gear and a not §A9f-0BAdSheWgg aaid ano VAEwh g 1S tdadringe dhieoreddgleThe
arrangenment is made such that the concentration filter plate 51 is

rot at abl e bygtadeedilr pownglia Kig-t Hi-n d1r dige A, 9¢hgbanaluad ioanm&rkof t he
optical axis IAX by the aid of the driving unit 52. Those usable as the
driving uni pdaze 335Rs| ddkede onf gin @pemiing, of @n Wneg @djacemt diospiheci ng

t he hol der of the optical elenment as the driving objective with a driving
el ement suchreddcd em2r omettée Fatdd len stiageel3dctim ¢hey stcanmdmg a

pi ezoel ectric elenent. In this arrangenent, an encoder (for exanple, a
rotary encoddrectrion Showd) diweicthion)di catoas extampdiesplitddarteen dwount of t he
optical elenment in the range capable of driving (driving stroke), is

i ncor por at edimens ieaal ddentdcdll eviad uartiitosy 2@ rka5R 6and 3t6iBg .dr.i iy agect | on
52W Detection signals of the encoders are supplied to the driving system
26 shown i nfbrgedlin aheuthsitaintg adyyt emiXe roortisdrs Huttd st dinresimofardae | ens
systens 12, 13 and the concentration filter plate 51 by the aid of the
driving uni havidg 2pproxicatiely hhe sanfe tsheedatsedtharn ofi grhad s and t he
driving information supplied fromthe main 77 control system22. In this
arrangenent ildsmiaatignbaeeaedpl afndhe revialmaftiiogt mankoghilaget ,33t.he The
centro-symetrical unevenness (quadratic function-like unevenness), which

i s the uneverailuationamaekasical iy symwet-dinensionadl atardn dbdaimedoty cal
axis, is corrected by driving the first lens system12 in the optical axis
direction. Ebabindhignatn onakievearkss 7§ icoaposiednofi @n-1/iines-ands\spaness) ,
which is the uneven illum nance with the illum nance gradual ly increasing
or decreasi pgtiternharaadgedntaer aeprede tiditmioeid ¢dltcdxiisy the oorrected by
controlling the tilt angle of the second | ens system 13. The angl e of
rotation of diltectdphgntahdt koY fixlilsemapkaBg Y5 tomposeat od laed. iine-@ndes t hat
the uniformty of t-he exposure anount distribution on the wafer Wis
finally inckpdee patiegrncdetrangededtala pwesdetaraviged pd tddsdm kdek i det ai |
| ater on). In this enbodinent, the centro-symetrical unevenness can be
subst ant i al By reetieat.ed Aly exovattricielliyng itthd sapglss idfl er ddoatusen dort he
concentration filter plate 51. Therefore, the driving unit 24 for the first
| ens syst emekampay ,ba boxt-tiadboAcmardi.nglny, this empesiient ,t assi nplify the
mechani smof the illum nation optical system An uneven illum nance sensor
42, which sdegegibedt latexposyr @hanothie diodflbpsd amoumasfr ithg unit, is
installed in the vicinity of the water holder 38 on the wafer stage 39 of
thi s enbodi redtceAsribopoperfkygofldhe tildumimasrions optildalmsyatem dansor
42 is provided with a first sensor which is conposed of a photoelectric
sensor havi ngaauped, hahesahaped reitdbtler ataigel 3] Iacidrdivedi?dan ame & | i ne
sensor 42b (second sensor) which has one array of photoelectric conversion
el ements (pddireceieherentldlow thegecnites o)f ahearyaduatisnsmardeplate
configuration in the scanning direction SD (Y direction). The photoelectric
conver si on 3Bgnakntkrany e¢he elalihatfiohsinas&nsec)and codneddendritdnsdie i S
supplied as the detection signal S4 to the exposure control unit 21 shown
in Fig. 11 tanéeeobdathe Wilhmihatdont adlea BHor(opttiicnls uxdlsi eX)f,r and he
mai n control system 22. Wth reference to Fig. 13A, the length of the |ine
sensor 42b thet hmageanoifnghdi eealluanidh mairkst 36a ,be 6w, der. BBan arke wi dt h
of the exposure area 35P in the scanning direction SD. Wen the uneven

i I'l'um nancepird jebeeBoBnt6akRengadiei-edtikok heXptiorjeetiion) opt ilchd ®yRasur e
area 35P is neasured, the wafer stage 39 shown in Fig. 11 is driven to

arrange theptineraensabgé2henb blietueeweRd lubhudnnaaek 3@Asak 4hown like side
surface of the exposure area 35P in the X direction. The photoel ectric

conver si on giga?hifm@acbigﬁ naagigy Bhe line sensor 42b, is supplied as the
detection signal S4 to the exposure control unit 21. Aftar that, the |ight
em ssion of the exposure |ight source 1 is started. The wafer stage 39 is
driven to nove the line sensor 42b to a plurality of measuring point
arranged at 79 42



predet ermi ned spacing distances in the X direction so that the exposure
area 35P is traversed. An added-up signal, which is obtained by addi ng up
the detection signals of the line sensor 42b in the Y direction, is

determ ned by the exposure control unit 21 at the respective nmeasuring

poi nts. The added-up signal is supplied to the main control system 22.
Actual |y, the exgbskh FeEiEFRNERAR IT19 nvbl 3F31ANyERE sHter dh HF energy to
sonme extent for each pulse |ight em ssion. Therefore, the added-up signal
is nor ma|izea;twat%%ear&btfe%ﬁ&nsagvmemsmgehvibﬁe@a%t@%ds%s@r 20
shown in Fig. 11. The main control system 22 stores the nornualized added-up
si gnal (refarafrr thplkder 8. asThe|valen $FRIQLI? abe TATRPER ®éPT espondi ng
to the position X of the line sensor 42b in the non-scanni ng direction.
Fig. 13B il ldinengianahlex@igne Hie the Rirre-wipleh ghalpazallel e thgp the
hori zontal axis represents the position X of the |line sensor 42b in the
non- scanni ngikige@idrre ahdthéoreiestion opticabrexeten Rlheomdrl i Ipr
signal S4. The added-up signal S4 is substantially equal to the exposure
amount obt aibase A0 addimat uis ¢ Hehexpater estaweni$ ¢ moeakkpostira area 35P
in the scanning direction at the respective neasuring points in the

non- scanni ncaisteot orelockty imeths pbsdiieecibomt off athie dwaber xpaser40 ,
anount) given to the predeterm ned point on the wafer by the scanning
exposure. Therdfir e s thevablbedinp ssoeppinssd Bonnesubst tine i Bl direepiesent s
the distribution (exposure anobunt unevenness) in the non-scanning direction
of the exposand iamouhe Y aditeektujorxpodurchenpunty bévelipermechampsnhe
scanni ng exposure for the respective shot areas on the wafer with the
exposur e ar ezpB5RNntroHing 138 pédeitide efdede pabégridl is4the Z1at with
respect to the position X as represented by a straight line 153A it is

i ndi cat ed t hhitredieren i &f orusineeyshness) cdnd hehe xapogle co inpeat ion t ésout
non-scanning direction. In this state, it is possible to obtain high

uni formty (thelX ecpiosamed arleilt axtsiresydlsd iheorpeoated ambenthe
distribution. On the other hand, when the added-up signal S4 represents a
centrally corecfre stiade i3l | o munlwipbér-points aetoboces sensore(motl
portion including the optical axis AX as indicated by a curve 153B, it is
under st ood tdtadwn hef aax prsaswer g urte uheves EeEesitwhor hat sa gplatalyisynmet ri cal
inrelation to the optical axis, i.e., the axially symetrical uneven

i I I um nance eseniring \poEits cat tineveumntssy eppese svafer of dies abseorrect

t he unevenness, for exanple, the concentration filter plate 51 shown in
Fig. 11 nay mmwiskstl { 0 et &g vidley exposase, ttiee t7 absvelisgorechanidm is
vicinity of the optical axis. Furtner, when the added-up signal $S4
represents tdweiven|imacaordarene mitls Wike cdu tp feolenss | v 5 hem eas eshe cbas bver se
the optical axis AX as indicated by a straight Iine 153C, for exanple, the
tilt angl e off tihe sesEurddnsaBle ofychemdP &owm sensdy, 11 nay be
controlled in order to correct the unevenness. In this enbodi nent, the
unevenness cadmlimgigsurthamaurfade ehethmwaben i nis dfocesédromftize t he

scanni ng exposure, i.e., the uneven illum nance in the non-scanning
directi on camdie qdsing afeashe qrdijecsiony dapteidahes geinawrPi2b Bsenleslte | bed
above. Further, the uneven illumnance in the X direction and Y direction

i n the exposiirlenaimeet i3FP ateay dost eat B0k e aissi rmeeh Syrexby | Hor t dveamp e hotlee shaped
| i ght-receiving section 42a shown in Fig. 13A to the plurality of neasuring
poi nts i nst dldved itnwp diedrem icmal ity the tweef eax poisage 39 ebs 3P ven nemstite t he
il lum nances respectively. Further, the exposure anmount distribution
(exposure amusits Wievdren esss)s it erail vy dihethestoafocug sensct i on can be
al so obtained in the sane manner as in the |light-receiving section 42a
descri bed ab@moodaimddi nghep fideus [pasd tnisore esn athd heppes pact fawe nefistite ng
poi nts concerning the scanning direction (Y direction) at the respective
posi tions i Rrdffer BAagRe BMideh de emdritro (Dedlibecdn ambitrdhe sx@ostir e ar ea
35P to determ ne the added-up |ight anmount (exposure anount) of the
exposure |ight bems ldosiltidd Sopriaaedidfer tdieagdd 397 angite NAYyd Deectebsnr ed
at the respective neasuring points while stepping the |ight-receiving
section 42a in the scanning direction at the respective positions in the
non-scanni ng direction. However, it is preferable that the |ight-receiving
section 42a is relatively noved in the 823



scanning direction with respect to the exposure area 35P at the respective
positions in the non-scanning direction, and the oscillation (oscillation
frequency and pul se energy) of the exposure light source 1 and the novenent
velocity of the wafer stage 39 are controlled under the same condition as
that of the scanning exposure for the wafer W Accordingly, the exposure

| i ght beam | Landhtkéd Bisdirectiomr andiehe oinglesesf asotationuabogt t tlee X
scanni ng exposure, is radiated onto the light-receiving section 42a during
the period i maxbs chthdeY |axghs , rendi viiegz sexis oard2peasaved sés taal ekjposur e
area 35P. The added-up |ight anmpbunt (exposure anount) of the exposure |ight
beam | L can beychasectiytecterometetstie tlkspdrivimgposntrohsunitt k.
non-scanni ng direction. Therefore, although the uneven illum nance sensor
42 has the | iBgdedeorivhagresmclt ont da, nd2butreméht sapdbollé neohtrdéhe uneven
il lum nance sensor 42 may be provided with only one of the light-receiving
sections 42a,idfdrmasidwrfide thghiairceontngl segstom 22p sledcivbeg above,
t he nunber of the light-receiving elenents (arrays) arranged in the
exposur e ar eandSdy Whedr tdreamsitied-aipl 1ngdt moon] {eXPRe udeieiRgnédnofol he
exposure light beamIL is neasured at the resp~~tive positions in the

non- scanni ng whi#ecii afoEyobe the Sedet fon ted ntmdescahning pelsesty adf at ed
onto the respective points on the wafer when the scanning exposure 1Is
perforned. | nthdiwaftesestdgs ®xanple, it is preferable that the sanme nunber
of the exposure |ight 83 beans IL as those used during the scanning
exposure are radi atlesl, mail ddet ol psfstah 2heseénd@df - tECcCehy i agieiggent s
different for each of the pulses are added up to determ ne the added-up

l'i ght anmount .cdiberekposite 34 gt pe@emiclm@f%iaés e oth feHhat SoR
substantially vacuumultraviolet ray (VUV) having a wavel ength of not nore
than 200 nm ddyecéiig Peedh | SxamEhs ) e RdsRsweflety pogit iaRsotReNg .
substances such as steam and carbon di oxi de. The absorption by oxygen is

gradual 1y i nGi®asmsht ALSISEH 18] Yohd Neatalrge goceldbi€lonhsof €aé from which
such |ight-absorbing substances are renoved, and organic matters and fine

dust or the Indeerdditt | &My echdYpdisi tibn fOf £ €x@Pf eeach CheM kel rétiées or an
HEPA filter (high efficiency particulate air-filter), is supplied to the

optical path deagd el expostie wamde desge 1391 anparing rome tdeagxpagur e | i ght
source 1 to the wafer Wshown in Fig. 11. Those usable as the purge gas

T g0 ghs, 1 1R of e Tt Crg 7R ey ey oy F dentiod Tas.
the || ke caudt® 7S aterast P tag i T o o SR ol 1§71 bl [EFe
opt | oAl ol omBHET ML I 111a hal e St O <YLt BN 1 16 SHISC REOpE Y BER i on
and any B4 SAFRRRSY N e o b R 9 Y e AR ol 0R0°
wafer Win aéﬂerre-eg%.ggln%j?% (Prrgﬁ]rg}ﬁ%.%gcﬂfoqu:eﬁ/rﬁi&gféyrg%n%agg% aused by the

cl oudy subst ance rosy rTcal venness (quadratic
function-1ike _unevenness). which.ig.axially symetrical_ in.relation to the
optical axis s,&’)?c(%gﬁ%ﬁa?eln W tHe esxcp%rgrhlr%g coe%tteqe iﬂetfjrﬁge Z#‘r%o%l’f fent ) .
Especially, there is ch a tendency. t hat. t he, uneven_.i | | um nance, . i n which
the illum nanc qcslqyo% ed* eﬁhe[ ﬁ?]c%]rﬁerca l%rﬁ%nlrf nttf%e'u’g} C@H"ﬁ‘f%/l%?) t he

optical axis AX.(hereinafter referred to .as "centr y _goncave
unevenness") Wit FARRGET At iR AT %%Z:H’re‘?ft feSxposure

centro-symetr.i cal .unevenness (especjally . the centrally concave X
unevenness), Mitd qefnbﬁlhglypéﬂq%/ é%% Ghe tlﬁr?et]t(f]:%-%%d? y AR as
descri bed abqye, is correct.ed Qy usi ng theuiotatable conceptration~filter

plate 51 showish BEOFESEr. 1B RLdGR itsh AHI4Y FYePI Tt 50T bel ow for an

unnecessary portions upon the start and the end of the

scanning exposure the opening/closing operation of the
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exanpl e of the arrangenent and the nmethod of the use of the rotatable
concentration filter plate 51. Fig. 14A shows the arrangenent of the
concentration filter plate 51 showmn in Fig. 11 (or Fig. 12) in the initial
state. Wth reference to Fig. 14A, the concentration filter plate 51 is
provided with a predeterm ned |ight-shielding substance or a di nm ng

subst ance suolva®dd emibildind( fldB exsarpingx od Aredmbymt hehideli viis gd epotiriodd unfidar
exanpl e, by neans of vapor deposition on a first surface of a flat

di sk- shaped3gl.ass 85 substrate which transmts the exposure |ight beam so
that a predeterm ned one-di nensional transmttance distribution T(X) is
obt ai ned axi al | y rayranetr,i adld ywaim cendibiodn slys tiele 2@ptreaals ,axireom AXe | n Fi g.
14A, the portion having the denser black color is deposited with a |arger
anount of tlesposhsieadeata @idd,heaviasnsmekpasuge Sonaderietsattol perFarii on in
accordance therewith. In Fig. 14A, the direction of the concentration
filter platen2lstcantdng xposiarsiint taapeepirs exipoisliren andupet fo Rhe n the
Y direction (scanning direction) with respect to the fixed blind 14A

(represent egh¥olres ishi tinshaRed @pRRtIFeaShot hieasadn FRNQafietr Wheo
follow ngs). The transmttance T(Y) in the Y direction is represented as

follows by exiedtite G@ebbtimm expoku¥e selued¥é inlkombihdMiohhka thunction
is determned to offset the quadratic function-like unevenness, resulting

fromthe faghet BapolhieeCedini@oly iiFakr RdalsupRianNneshaer dishakwhenOiie t he
guadratic function-like unevenness. This function is determ ned in various

ways dependicogmandt R® cR¥RECHSHE) s@m%&htgpiex@@@ﬁ&%fi ifof ohel BhoClddla on
centro-symetrical unevenness. The coefficient a in the expression (2A) is

a paraneter the ¢atrernynast e vERXifFem ¢Bel Aalin0koAFRYN! s9fstiche 200ReERNEAL | ON
filter plate 51. Assuming that R represents the radius of the concentration
filter platexpbsaie BoneRoasemit Lhg FRenTHHeC @xpdGliren comHal ueritt ha

starts the light emission of the exposure light source 1,

and it calculates an integral value of the illuminance of

the exposure light-beam IL with respect to the wafer W (sum

of the pulse energy per unit time) by the aid of the

integrator sensor 20. The integral value is reset to zero

upon the start of the scanning exposure. The exposure

control unit 21 successively calculates the integral value

of the illuminance. Based on the obtained result, the

exposure control unit 21 controls the output of the

exposure light source 1 (oscillation frequency and pulse

energy) and the dimming ratio of the variable light-

reducing unit 3 so that the proper exposure amount is

obtained at the respective points of the photoresist on the

wafer W after the scanning exposure. When the scanning

exposure for the concerning shot area 1s completed, the
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86 transmttance at the outernost periphery of the concentration filter
plate 51, the coefficient a is represented as follows. The maxi num
correction anount Dis, for exanple, 0.1 (10 %9. a = D{(1 - DRz} ...(2B
In this enbodinment, it is assunmed that the uneven illum nance, which is
caused by the cloudy substance gradually adhered to the optical elenent in
t he optical ldgbtermissioncedsshegl eyxpesurectlddhly songcehdetisos topped.
concentration filter plate 51, even when the projection exposure apparatus
shown in Fig. 1llAnsupp¥eat adluminhacecsealsogxddsumwbishepsf composedeos t han
about two years. |If the degree of the centro-symetrical unevenness in the
exposur e ar eapBbRoedeptriial detekdoseandawhyichohasve phnavboiesshapleidch is
caused after using the projection exposure apparatus for two years, is
about 10 % lngh&rgecetivéngakbeetdbnt K@acdekl Fiignt 4a)i,n ishénetpldssi dm ( 2B)
is as follows. a = 0.1/(0.9R2) ...(2C) As shown in Figs. 14A to 14C, the
concentr at i bhef viitenipyabd Shei waferahallderby8apnarthet waferasglged 38 thin a
range of 90 about the center of the optical axis IAX. Fig. 14A shows a
state in whoththhhe embodimeati.onaf detectploat eighails S2obfr ahet ateviene., the
angle 8 is 0. In this state, the average transmttance T(X) in the non 87

illuminance sensor 42 (exposure amount distribution-

measuring unit) is also supplied to the exposure control

unit 21. The uneven illuminance sensor 42 may be used, for

example, with a light-receiving section (corresponding to

the light-receiving section 42b shown in Fig. 13A) composed

of, for example, a line sensor or a CCD extending in the

scanning direction (Y direction) in which the wafer W is

relatively moved with respect to the exposure area 35P

during the scanning exposure, in place of or in combination

of the pin hole-shaped light-receiving section 42a. 1In

this case, illuminances, which are detected at a plurality

of points in the scanning direction in the exposure area

35P respectively, may be added up at respective positions

concerning the non-scanning direction (X direction)

perpendicular to the scanning direction, and the

illuminance distribution concerning the non-scanning

direction may be determined on the basis of the added-up

value. It is possible to obtain the illuminance

distribution (uneven illuminance) in the non-scanning

direction in consideration of the averaging effect of the
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scanning direction (X direction) in the opening of the fixed blind 14A is
flat as indicated by a straight |ine 154A. The function to adjust the
uneven illum nance in the non-scanning direction is not operated. In the
following drawings, it is assumed that the X coordinate at the optical axis
IAX is 0. The transmttance distribution i h at the_central portion
with respec%lgﬁttﬁﬂl§§&ﬁﬁlﬁ§ GheeBEPBAUES aﬂﬁégtFBcheTﬁelﬁné§Qﬁpe

i 1lum nance caused thereby is averaged by neans of the scanning exposure.

On the other han@n FP@VGE4EﬂﬂPW&§PPS?e§e§seésézvnWﬁAPEhlﬁhﬁoﬁBﬁééﬁtP§t|on
filter plate 51 is rotated by 90, in order to correct the centrally concave
unevenness éxPP@ﬁﬁ?}eﬁﬂvaﬁcéétB9tPﬁeapﬁnﬂhéébehéén@ BhBnBelerghaped case,
the transmttance T(X) in the non-scanning direction is as follows. T(X) -
1/ (aXz + 1)lightsyecriviing sastionhd2ai {FereRidd-béhleechst haskatiledmival ue
and the m ninumvalue is maximzed as indicated by a curve 154C for the

di stri buti obhef viaanit®nofi thenvafgrxholdrs 88f ept the wafescsiaget R
centrally concave unevenness by the concentration filter plate 51 is
maxi mi zed. Thethasuempodamenhe nAndgtiertapPnesafgnaheSeupfeths4aneyep 9 (90
~) according to the expression (2B). Fig. 14B shows a state in which the
concentrat i shluminancg| segssr #2 (exposdrpyampupt~distgybutionthi s case, 88
the transmittance T (X, Y, H) corresponding to each of the points in the
openi ng of meashirind bhithd igpaleor suppdiddngot bhehexperporer eoateal3s5P on
the wafer) is as follows. T (X, Y, 8) - 1/{a(Xsin6 - Ycos6)2 + 1} ... (4)
The transniwnahc2l7T( XThenunhewenonldumanangedeensbrod? may be used, for

example, with a light-receiving section (corresponding to
the light-receiving section 42b shown in Fig. 13A) composed
of, for example, a line sensor or a CCD extending in the
scanning direction (Y direction) in which the wafer W is
relatively moved with respect to the exposure a£ea 35P
during the scanning exposure, in place of or in-combination
of the pin hole-shaped light-receiving section 42a. 1In
this case, illuminances, which are detected at a plurality
of points in the scanning direction in the exposure area
35P respectively, may be added up at respective positions
concerning the non-scanning direction (X direction)
perpendicular to the scanning direction, and the
illuminance distribution concerning the ncn-scanning
direction may be determined on the basis of the added-up
value. It is possible to obtain the illuminance
distribution (uneven illuminance) in the non-scanning

direction in consideration of the averaging effect of the
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which is obtained by averaging the transmttance in the Y direction, is
represented by a curve 154B. Accordingly, it is understood that the
correcting is effect is obtained for the centrally concave unevenness of an
i nternedi ate degree between those of 8 = 90 and B = 0. As shown in Figs.
14A to 14C, the average transmttance distribution in the non-scanning

di recti on cannbwenegllamedancehanethe scbnniagydéhrecadver byt itheby rotating
the concentration filter plate 51 to have an arbitrary angle. It is
possi bl e t o suacaeisgvelkposareecti.ehe thet eabbgucrenaaventneienmébatiansed by
the variation of radiation in the tinme-dependent manner. Further, the
concentr at i ofekpbtsarephavenkilungvennkss )f cahcpratiagwtheh noa-iseanalingd i n
the vicinity of the conjugate plane with respect to the inmge pl ane.

Theref ore, tHéreeitiionmonhy thk wh€ecohétemcehkbastanniQqgvaekpesuae.t he
illumnation optical systemis scarcely affected when the uneven

iIlum nance Trhetefobeel,edheTbptimszatioaobdi thenillhamihheion formty of the
a value is previously adjusted to be within a predeterm ned all owabl e range
in the initiahaghaterichéc89corectabn bf ehet haewenalild uimdnadtce)
deteriorated even when the uneven illum nance due to the tinme-dependent
change is cogegetrgBedTNuseri bni Mapobei bee fb@maklwbys ughhai thel geshilhe ofi dt h
uniformty. The nechanismfor rotating the concentration filter plate 51 is

based on thetgkefbhkarenehem (@HEOBBMEC 080BHIAVaZRALER) lubifaater e, for

exanpl e, the uneven exposure amount (uneven illum nance) in the
non- scanni ngddste¢bueiofBrahebBeasgbedederaifvd by bisdngl2ney pisi Agllehe
uneven il lum nance sensor 42 during the periodic naintenance, and the

concentrati oghhpktel iphateedéitangbeeditivan4aadbiotabedidlengiopaliiljum angl e
to offset the uneven exposure anount situ. Further, the degree of the
centrally comedifguihkenagss Bo¥gke3detaiingedhbymeppu@enete ogakael ation
at an arbitrary period of elapse tinme by tenporally~managi ng the projection

exposure appanahmsnhated | ANEhBAGhOHoR! shbtl, ar rgBAaivg theuhe!t al
radi ati on anount. The concentration filter plate 51 can be also rotated

aut omati cal | yohkBok§akvhitAPhag0at Daghtheeeentiayl ¥ee@i6aYecuavRRNERS | S
corrected. Further, the correction can be al so nmade f.or the difference

between a pl ghehrkYefpbokhkenhiahi 98pgoRdi hil 8BS iagnaenBENg whe uneven _
illum nance initially generated. The concentration filter plate 51 of this
enbodi ment hasegnliyibhe,f wAGEhORSt A@sBBKEot hadseattal! etermave whevenness
to be flat. However, for exanple, a fixed concentration filter 90 plate
or the |like MmYulR€nRhe¥i 8HStMel Ragekew ifRromhehw Aty i6h Eignaaneenthat i on
filter plate 51 shown in Fig. 12. The uneven illum nance under all of the

i I'lum nati onjfaeagratepsseB¥obe20Rdest 8astulhte@edhr 8hkybagisavE whevenness.
The difference may be corrected by rotating the concentration filter plate
51. Accordi ngk¥ectiohSspgasilbbe tReskRBi&EsohhameGaYr MBAGE0RT ahlle thaeven
iI'lum nance even when the illum nation condition is switched between the
ordinary illyateatien sngnhieofoehei edtehkHibrakefBorThe . coprgeRheati an
filter plate 51 of this enbodi nent can be electrically controll ed.

Therefore, theagRNE§NpLALEOR3T i theEnPiat BompoBBY BE hOhyaAhed HAbkerale,

opti mum angle every time when the illumnation condition is swtched.
Slight illumigaihebalvea ifi thel YYcappeqr sfi Bhal hagagenoltleyeser onagheal |y,
it is possible to suppress the illumnation | oss to be not nore than about

5 The concenyadéiosthghbt 89, pl At subdtsAbiRe1Pr 8446ed bPening pattern 43a
is formed in a light-shielding film on the scanning plate
43. A light-collecting lens 44 and a photoelectric
detector 45 are arranged on the bottom surface side of the

scanning plate 43 in the wafer stage 39. A spatial image-
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accordance with a variety of production nmethods as shown in Fig. 15. In the
concentration filter plate 51 showmn in Fig. 15A, the transmttance

di stribution, which is continuously changed in the Y direction, is obtained
by vapor-depositing a di mm ng substance such as chromum (Cr) on a

| i ght-transm ssive substrate while continuously changing the film

t hi ckness. Theaswriahgssyhtam 4hr dsi aenbbhagbedabyatheghcashinbdphgte
substance in the case of an ordinary filmthickness. However, in this
enbodi nent, 93, tbérbaghbhroolibketlingelessusdéd asdt hbedphutogleabstiance in a
region of the filmthickness in which the light is transmtted to sone
extent. In téhetechoendbati andététeiopl aigndlG3hofintha phgtoébBctaifi r st
surface of a substrate is divided into a plurality of band-shaped areas in
the Y directdetectod 45digl sappliedutdi hayaledlatlingi seéoilordihnthbe

band- shaped areas so that predeterm ned transm ttances are obtained
respecti vel yexgbstiréscontrbheundticebt r abhdp hi phet pkatheSifatihe
transmttance distribution is changed in a stepwi se nanner in the Y
directi on. Homeyermeaberingbeysvémdiei $inoludinger Eagedxamphe, nohel ess t han
about 10, it is possible to obtain the correcting effect for the uneven
illum nance sdashing puatéansi ahdyatqUenateat paptt bat thbt dightd-byetihfg
continuously changing transmttance distribution. On the other hand, in the
concentrati ofydtemeinpladen§lDeshovRampl &) gthéSCightla6UteBuhgr 16hs 44

|l i ght-shielding fine dot patterns conposed of, for exanple, chromum are
deposi ted i nihhehls denbédinene) Magubst padbeidedaohathe Wwhfexi stagee3so that
a predeterm ned transmttance distribution (macroscopi c concentration

di stributionfhésrehiahdeg esnstibeteveFyempvhentshereenegahpab; ~8nheilter
plate 51D is used, it is possible to correct the uneven illum nance in the
sane manner pisotdel SEtEDSed&bervbor N4F) dnatShe dhLangadecatr eheosutshiser
plate 51D is also installed at the position slightly defocused fromthe
conj ugate plenecR wafethstg§eesy.t OAg heot NMee $pabeal Berayesmehstibéng
formation with a randomdistribution in partial areas respectively, the dot
pattern is noystémnsé proglly 08he dpeningopaptens. 43aeisandpmedotopathern is,
for exanple, a fine circular pattern having a dianmeter of about 25 Vim
Assuni ng t hagcAMeingxpIaoeCcos [ ecyhen eneudllhRindbeofeohaphtiegBEaveis
unevenness is about 10 $, the probability of existence of the dot pattern
at an arbit ripsyspesd ta®ndésict Be@ODSESE I 8h | Obhéh| tRe WABEE S5E84ES39 is
postul ated to be included within a range of about 0 to 15 $. Next, a forth
embodi ment  cfub fecpe@sedt thovemendishal Seepyphgi neAdWhE spégiggce to
Figs. 16 and 17. In this enbodi ment, the centro-symetrical unevenness can
be correct ecbfyesrn M Fa Siat r6l £KPOSELY emstéd einnbhei Scanfingedatréetion
perform ng the scanni ng exposure. The basic arrangenent of the projection
exposur e appsidittise ofoihsSaenbgi dthéct Soh hex sabtee@sidhatnghown in Fig. 11.
However, this enbodinent differs in that two concentration filter plates,
whi ch are raditedt fori pspesperelvel preitnsi@spedt i to ptheerespébeisengl e
concentration filter plate 51 shown in Fig. 11. In Fig. 16, conponents or
parts correspiybd o f Ot RAOSEuSADIWY | Of F{EhitCedip fStBNEt éfbOYinEALFANME
reference nunerals, detailed explanation of which will be omtted. Fig. 16
shows a rel advansdt fowahaeled dhcandeéd - BhaPke 9811umination area 35. For

example, the opening patterns 43a of the same number as
that of the plurality of evaluation marks may be formed on
the scanning plate 43. The respective images of the
plurality of evaluation marks may be collectively detected

respectively during the relative movement of the image of
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illumnation area 35 and the optical systemranging fromthe fly's eye |l ens
9 to the fixed blind 14A of the projection exposure apparatus of this
enbodinment. In Fig. 16, a first concentration filter plate 51A and a second
concentration filter plate 51B are adjacently arranged rotatably about the
optical axis IAX at the position slightly defocused toward the second | ens
system 13 f rhe evalplaaiens magik laydd afhec wpeth iffgo patthe rar camgexeringpltiiee of
the fixed blind 14A, i.e., the conjugate plane with respect to the reticle
pl ane (conj ggane iplgadd reicttione smel tdurd righ & hemagd. atl ianee movamendi e sihenal
transm ttance distribution, which has the sanme characteristic as that of

t he concent rakigen offi ther evadtiu@tibns ek iand-ithe bpewithgMpiatitarn axi al |y
symmetrical in relation to the optical axis, is formed on each of the two
concent r at i @dnbielrndhgp ediee honlAcanbB.ngl e redta@n." atFu@rt hied,t doxpl ate 51A is
driven and rotated by an angle 8A within a range of 90 countercl ockw se

about the cembaplef, the @g)@nqaﬂg Paitteriys sat E aihd @hame Gumbdird asection
52WA and a gear section 52GA installed to the periphery of the first

concentrati @Raftl bireknel ierdiAtyOd ft hE itd)erinlhands dhdoaametyration filter
plate 51B is driven and rotated by an angle AB within a range of 90

cl ockwi se akQul ubalte oheMa®ksOlseifagatRid G tvd onScanniing Aideftidodri vi ng
section 52WB and a 94 gear section 52@GB installed to the periphery of the

second conceiil el ¢oriveld @n RInd! @ akRinUiie 430 ithh@ e indnls ciindlitiOf
this enbodi nent, the angles of rotation of the two concentration filter

plates 51A g3}Bcaignse!l THe Wadler! B3 LAy YRS HovVied G dﬂ'h%';]rsid&lﬂﬁii% in

t he non-scanning direction is flat in the same manner as in the

concentrati girblichlieh RoAcntintdny Aetedt MR iWaRRs B the
centro-symetrical unevenness (espeCially the centrally concave unevenness)

s correct edeshaprlie GRANRRIIY GArild Wil AP D the SEBIiRAr i ven by an

i dentical angle of rotation I n opposite phases, i.e., by an identical angle

of rotationgiiRe@REBH ¥Brdichefl b The o endinmPipat tigsl.r avpPdsliaag to
di stribution can be corrected with an axiall'y 'symmetrical two-di ménsi onal

di st but | 0Rngbaubvke Lh@NoPlerthal BattiiAls st IAE ST fffibRr ids | S

possible to obtain a uniformillumnance distribution over the entire

surface of thatl blruFhBakial uat8dn3Mmalrk3d neQNTRAYRD MY Uhe tHEP TR idELa
35P) in the static state. Further, the uniformty of the a value of the

iTum natiopigRkl 43! cenekeMing Rele RN INAWEFedtiGn. 17 BROW R State in
whi ch the concentration filter plates 51A, 51B are rotated in the opposite

phases as dggagkbad ﬁ\EgV_%e h\BvE:jdg-inllﬁg o -GeRGA AW cidlildne e Pl ate S51A
is rotated counterclockwi se by 45 (AA = 45). In Fig.” 17B, the concentration
filter platgoatBnudus?yalede®® the images of the evaluation marks for

each of the opening patterns. 1In this procedure, it is

preferable that the movable blind 14B is driven in

accordance with the movement of the wafer stage 39 so that

only a part of the illumination area 35 is irradiated with

the exposure light beam IL during the detection of the

plurality of evaluation marks. 1In the former, it is

necessary that the wafer stage 39 is subjected to the

stepping in the scanning direction when the image of the

evaluation mark and the opening pattern are relatively
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cl ockwi se by 45 (BB = 45). In this case, the transmttance distributions in
t he opening of the fixed blind 14A, which are brought about by the
concentration filter plates 51A, 51B, are those shown in Figs. 17B and 17D
respectively. Actually, the transmttance distribution in the opening of
the fixed blind 14A is concentric about the center of the optical axis |IAX
as shown i n mowed Iddncdiming sthe heomrscgmniangl daréctiems i InFilygs. 17B and
17D are offset to one another. Thus, the ideal centrally synmetrical
secondary t rkastet § abic ei slirsdcedsdrpnthst otheai wefler nsbagd 9 ide X direction
and Y direction without performng any integration in the scanning
direction. \Whsijddsedrith neey <ospp bhd yie otitavieo nHevammesg direotie@cted with
this transm ttance distribution, the uneven illum nance in the static
exposur e st ajieg athdeimdg® EOrteetech Biatlémnearis| ynd THiee t owenlimegnsi onal
uneven il lum nance as descri bed above can be neasured with the sensor

havi ng the phaxtede-siepestdt ohély atered ngosestn Dilg 42ike ©tahmengineven

il lum nance sensor 42 shown in Fig. 13A. Upon the mai ntenance for the

act ual proj efii&t BXPOS Urtte BPfsird) Ush®fwd Fer seeddé NB9 exPPshie eméyPEy a case
al so arises, in which the exposure is perfornmed in a static state w thout

perforning tley&taieddin TdwslefOf eché heca#@iiegtd Dhedt idheandey®d non-
illumnance in the static state according to this enbodinment is effective.

The two concsdAmin®raftddeion B esofdnidd Beipé B, enbodi ment are 96

not limted to the use for the scanning exposure type exposure apparatus,
whi ch can be al sr@dapiffpld), Hsleshdwh COE reLds | hea uaeyens | | keh nelee in the
exposure apparatus of the full field exposure type (static exposure type).
That is, thegdsasit dNvaY i Mhds AP FPPLhEadrL1ES1HE BXPRSICL appar at us
of the full field exposure type. Next, a fifth enmbodi nent of the present
invention widle be Exdat el ¥4 tked Al 8@NCENER theSopddimdgilpdBteth 434S
enbodi ment, the present invention is applied to correct the inclination
unevenness (df Rgd daHiptim-pldice WEVENNRSSd | to Wi bs 1HEon | | MNEFGREE S
gradual |y increased or decreased so that the optical axis is traversed in
the non-scaniidditdeeCi6), alte tHEH | ted | WA SN EYEARE SS9 | Bs N@EivedrNged in a
ti me- dependent manner by the cloudiness of the optical elenent of .the
illum nati onscyt i9Rd afeenoxp thicll itife dfeh BndNPLEESER¥340 PH@Yigle an
extrenely wide correction range as well. wever, the inclination
unevenness ith@ g s ! & e fH IR dinf HFmEXETP| 6n HRONwd FEr Sd8dde UP
after the assenbling and the adjustnent of the projection exposure
apparatus. 139 tiie DY i QX RS Wie DB AILS SEWKFol Nufri®. 21 1by tge
inclination unevenness is corrected by controlling the tilt angle of the
second | ens SiybtaMthe ftdME\RIntrdl isydiaai efh § hathé hea Lo I € Mg Vs&dtide a
val ue of the 97 illum nation optical systemis deteriorated during this
process. |n igf defe texpstirk PEt AL IICONVEDN €lEuldted htlse epbiit i®mtof t he
concentration filter plate 51 showm in Fig. 12 is exchanged with a

concentrati ahd iidffe HeE DPIHOTY PIFREE i £ 6N | 115 | SBGMHD WNEVENMESS.
The concentration filter plate 155 for correcting the inclination

unevenness ghtdited NIk RS datlihd Nens UG£ Bdn Olidndt ese ptpée S1 for
correcting the centro-symetrical unevenness. A rotary driving unit (52G

52W for thgHAYARI A IONdtiddt®r Rl Al g 0He §5ds NEidMeof Nehéd nat i on
unevenness has such a function that the concenttation filter plate 155 is
rotated by ap@bidtaje ANAe theVyd Mik et Biwe il {ABP, i é ghaeit ahout
the center of.the optical axis IAX Fig. 18A shows a positional

rel ationshi g foeheeamdee Fonped Plind ¥4 Ak 1die LONCRY redi amdiéd &gy pl ate
155 for correcting the inclination unevenness in the initial state. I'n Fig.

18A, the 1rapsinidNehdiitddddWend iH Hnoix e bSisshapad Qancsiid ald on

filter plate 155 1s set to be a one-dinensional distribution which is
gradual 1y i ncreased ;861 0SSTHAN SRR f S 1B N Kk | Thdde 36hP |
direction to the end in the +$O%qrel§1| on. o'T'rhatﬁ)jlms,htftf;rhe transn%sl?tance l'I' Y)
of the conc i st er pl P i .ON: i e by
the fol I owi %&%%Fgggdgﬁ%% ta}qldgttglc?é?? idcllrkeéndtgibo.\ﬁ %i’ilhsre%g&ré%é%f{t ﬁ%@%ﬁg
coordinate is the optical axis, and R represents the radius of the

concentration filter plate 155. 98
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T(Y) - bY + (1 - bR ...(5) The maxi numvalue of the transmttance is 1 (Y
= R), and the mnimumvalue is (1 - 2bR) (Y = -R). The maxi num correction
anount is 2bR The inclination unevenness is not changed in a

ti me-dependent manner unlike the centrosynmmetrical unevenness. It in enough
to provide a slight correction anobunt. The coefficient b has an extrenely
smal | val ue. céatpolli sgbyemwben the filter plate is not rotated, the

illum nance loss is kept within a slight ratio. Therefore, the average
transm ttance T(Xyith tbEenencecaonfFig.diragainn shewsvabuktf@onlfArks
constant at a value which is slightly lowered from1 (100 $) as shown by a

strai ght |ing14B6A33A6huBhkyrevhenet Beayaesennere ahet’bn expaminanaaount in
t he non-scanning direction nmeasured by using the uneven illum nance sensor

42 shown in Eefisot34pSohhenknsliiBabEogheneyeanessagkhegi nghianéhkon
unevenness can be corrected by rotating the concentration filter plate 155

so that the spstifat iRAgHDRYEBALEAg! SyStbmehe tBriBsponabedi gmat, the
maxi mum correcti on anmount of the inclination unevenness is obtained in the

case of A = Sfarktferi8Cibsmbhblsingt 5ysteh fofameal8hr8ng #HB. IN this
case, the transmttance T(X) in the non-scanning direction is represented

by an expres§£eae£@rmmhéh Y1ham$HReLbhUERArubtBri&teif (BptrexAnession (5) as
shown by a straight line 156C (provided that the origin of the 99
characteristic) of the present invention.

Next, an example of the adjusting operation for
optimizing the predetermined illumination characteristic of
the illumination optical system of this embodiment will be
explained. This embodiment selects, as the first set of
the predetermined illumination characteristic, the
dispersion of the illuminance distribution of the exposure
light beam IL in the illumination area 35 and consequently
in the exposure area 35P (hereinafter referred to as
"uneven illuminance"), and the collapse amount of the
telecentric property of the exposure light beam IL with
respect to the reticle 28 (hereinafter referred to as
"illumination telecentricity"), because of the following
reason. That is, the two illumination characteristics most
greatly affects the projected image formed by thc
projection optical system PL and the photoresist on the
wafer W.

The uneven illuminance is divided into the primary

component (referred to as "inclination component")
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coordinate X is the optical axis). In this case, for exanple, if it is
assunmed that the inclination unevenness nmay be generated in 1 $ in nmaxi num
at the periphery with respect to the position in the vicinity of the
optical axis in the optical systemof this enbodinent, the coefficient b
may be set as follows in order to correct the inclination unevenness. b =
0.98/ (2R) .. cbhremihg ahel yblsi¢ibadofentheokexpbesurecaerh BHPenni ahew | | be
explained with reference to Figs. 19 and 20. In this enbodinent, the
cent r o- symmehpneatanndngnddsecitionhd Xsddtriectdop)sand shat secsndaryect ed
wi thout badly affecting the uniformty of the a value of the illum nation
optical syst eosmbpneaitngrefercedcent aat i"eontcavied coplvake cohpsaent "t)hi s
enbodi ment, the projection exposure apparatus shown in Figs. 11 and 12 is
basi cal | y usedncHangwgr thehipgsdnhoti.remhadi fikgr asisamtihat thatottheabl e
concentration filter
illuminance is represented by a function PF(X) of the
position X, the illuminance PF(X) can be approximated as
follows. The coefficient a represents the inclination
component, and the coefficient b represents the
concave/convex component. In this case, the uneven
illuminance component in the scanning direction (Y
direction) is averaged by the scanning exposure.
Therefore, the uneven illuminance component in the scanning
direction is not especially an evaluation object in this
embodiment. The concave/convex component is also a
component which is symmetrical with respect to the optical-

axis (axially symmetrical component).

PF(X) = a*X + beX? + offset ... (13)

The illumination telecentricity is divided into the
inclination components (shift components) c, d
corresponding to the average angles of inclination in the X
direction and the Y direction of the exposure light beam in
the illumination area 35 (exposure area 35P), and the
magnification component e corresponding to the average
angle of inclination in the radial direction with respect
to the optical axis of the exposure light beam. In this

case, the focus position of the wafer stage 39 is set to
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pl ate, which has a substantially concentric transmttance distribution, is
used in place of the concentration filter plate 51 showmn in Fig. 12. Fig.
19A shows the rotatable concentration filter plate 161 for correcting the
centrally concave unevenness to be used in this enbodinent. In Fig. 19A
the 100 concentration filter plate 161 is forned by deposing a

| i ght - shi el dhagpsshtianc&edbcasdinbiyngd swbsh arespett ht@ e ded isimed
substantially concentric transmttance distribution T(r) on a first surface

of a |i9htF%@E§Hléﬁ'8§ £hECYWhErt BLA éUQ§t&ﬁteh1§hemssa&ﬁénef t Bfe
concentration filter plate 161 1s CO|nC|dent wth the optical axis of the

i||U”1nati0go§P£hﬁﬂé ?M§§€Hkt§69'§ﬂéﬁh€§e“bk'lﬁgﬁgBdeaésTHkgg hiftbelne v

axis extends in the direction corresponding to t scanni ng irection

passi ng thVQEQQvéfﬁaQEBhCﬁhrﬁé'éreaﬂgaéﬂfeé 3xi $next-enfdackiv h?thEeCt'O”

corresponding to the non-scanning direction. I'n order to exp aint

trans”‘ttanﬁﬁy éﬁ%b?g Hglh £Héss5§?99inﬁﬂé etHSakpﬁﬁﬁg‘ %E%ﬁ de(r .

represent ed o} coo dinate I s expressed as y substltutlng

the Coeff'cfﬁgt ﬁﬁfﬁhg ?oBUESﬁPBH?QQS) OfdtB 388'8$F$?ﬂﬁnéyb§kbhukh@9 the

pOSItIOI‘l Y W e ra Tus r € transm ance he expressi on
(2C). The average shift amount of the image of the evaluation mark

with respect to the amount of change of the focus position.
The magnification component e can be determined by the
average shift amount of the image of the evaluation mark in
the radial direction.

In this embodiment, as having been explained with
reference to Fig. 2, the states of the second fly's eye
lens 9, the first lens system 12, and the second lens
system 13 can be controlled by the aid of the five driving
units 23, 24, 25X, 25Y, 25T respectively. The control as
described above makes it possible to control the respective
illumination characteristics described above substantially
independently as follows.

(a2) positional adjustment for the second fly's eye
lens 9 in the optical axis direction by the aid of the
first driving unit 23: magnification component e [mraa} of
the illumination telecentricity;

(b2) positional adjustment for the first lens system
12 in the optical axis direction by the aid of the second

driving unit 24: concave/convex component b [%$] of the
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coefficient a(~) is represented as follows assum ng that the maxi num
correction anount D in the expression (2B) is the function D(~) of the

angle ~.

.. (12)

T(r, ~) - U{a(~)r~+ 1} a(~) - D(~)/~(1 - D~))R2} ...(11)
In this case, the polar coordinate system(~, r) can be converted
into the rectangul ar coordi nate system (x, y) 101 by using the foll ow ng

expressi ons wieved il Bitginandan- 1(y/x) ... (13) r = ( x2 + yz ) lie
14 ) Accordingly, the expression (11) is expressed by the rectangul ar

coordinate systemd) podsBSiddl oGy iehBOfdNeLRXPESSSNPNBed &Pl €dh ONS.

13 in the x direction by the aid of the third driving unit
25X: inclination component c [mrad] in the X direction of
the illumination telecentricity;

(c3) positional adjustment for the second lens system
13 in the y direction by the aid of the fourth driving unit
25Y: inclination component d [mrad] in the Y direction of
the illumination telecentricity;

(d2) tilt angle adjustment for the second lens system
13 by the aid of the fifth driving unit 25T: inclination
component a [%] in the non-scanning direction of the uneven
illuminance.

As described above, in this embodiment, the
combination of the optical members for which the state can
be controlled is optimized so that only one type of the
illumination characteristic (optical characteristic) is
substantially changed, and the other illumination
characteristics are not changed, when the state of the
corresponding optical member is controlled by using
arbitrary one driving unit of the plurality of driving
units 23 to 25T. Accordingly, the automatic adjustment fcr
the illumination characteristic can be executed highly
accurately by means of the simple control. All of the
basic illumination characteristics can be automatically

controlled by allowing the number of individuals of the

54

(



T(x, y)

1/ ~a(x, y)(x2 +y2) + 1} ... (15) If the coefficient a is

determ ned assum ng that "the angular velocity is constant” for the c
of the transmittance, a(~) in the expression (12) is represented as

foll ows.

~D~ (~/2 - ~D)RZ} ...(16) The transmttance T(x, y, A int

rectangul ar coordi nate system (x, y), which is obtained after rotatin

concentrati Odkj‘_\}iﬁfrurpi@é ed e sfm@ I m&w&zexl%fckw &) avifen i he

represented as fol

-ysin9 ,

ows. T~x~Y~e)= 1 17) ~-~ ycos9+xsinB . D xcos6
X2 1 Wmitation chardcte oSt B g 818 EntRR dbfedt £08 s -

9 According to the expression (17), it is possible to determ ne the

transmi ttancspy ee of Pl fide f99 d Modier 1058, Ahar et Yopngl e of

individuals and the arrangement of the driving units are

hange

he
g the

y sin

changed depending on the illumination characteristic of the

control objective, for example, such that the number of
individuals of the driving units is three.
Actually, it is also feared that other illumination

characteristics are slightly affected concerning the five

driving units. Therefore, it is desirable to also consider

the influence on other illumination characteristics.

Accordingly, at first, as shown in a flow chart in

Fig. 8, the driving rate is determined, which indicates how

much the corresponding illumination characteristic is
successfully changed when the five driving units 23, 24,

25X, 25Y, 25T are driven in unit amount.

That is, in the step 101 shown in Fig. B8, the aperture

diaphragm plate 10 shown in Fig. 1 is controlled to set the
illumination condition to any one of those for the ordinary
illumination, the modified illumination (zonal illumination
or four-spot illumination), and the small o value
illumination. In the next step 102, the ith driving unit
(i =1 to 5) of the five driving units 23 to 25T is
selected. In this case, it is assumed that the second
driving unit 24 corresponding to the first lens system 12

is selected. 1In the next step 103, the driving amount d2
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Specifically, Fig. 19B shows the value T of the 102 transmttance T(x, v,
8) at the position of the radius r in the non-scanning direction fromthe
center (optical axis) when the angle of rotation 8 (rad) is set to have
three types. In Fig. 19B, a flat straight line 162A represents the
transmttance T obtained when the angle of rotation 8 is 0. A curve 162B
represents tdie theandmivimnoen it dbt aisnesktvhen the @agter ofd2 ot a0 ) of Bhe ~/ 4
(45). A curve 162C represents the transmttance T obtained when the angle
of rotation tdridge dapd¥I} .ofl her iwinPw ard fitod Sf arer apiecsypdesh Thaisis, as
the angle of rotation 8 approaches ~/2, the transmttance T at the
peripheral past iqan Weergasksal oBidBnNnidcd athatdds fgmsd | gos i idhe
radius r. Wien the angle of rotation 8 is ~/2, then the anount of decrease
of the transi tdmineeswdtd heope nigdiedml i Pk iihoe tdhd especil Twinider Temnt r al
portion is the maxi mum correction amount D, and the correction anobunt with
respect to HﬁﬂéﬁﬁﬁﬁﬁﬂdﬁtfQﬂﬁﬂﬂ%dﬁ&ﬂ@ﬁnesS is maxi num The concentration
filter plate 161 descri bed above is provided to correct the centrally

concave unevenness cidérd &ld meddurs tHS wMSsSt bl B dWidHEBIC e dylass
concentration filter plate for correcting the uneven illum nance in which

the illum naRsdratdICaRSRAA ddQRasddd o | forky Vidd sk Lf1ddeippti cal
axis in a manner of quadratic function (hereinafter referred to as

"centrally ganeX o3 he WARVEIMESHS Jon e LA P PASEye B 1 rANSH tignce
distribution, in which the transmttance distribution of the concentration

filter platg lplis itheriedmimt R ppssLsPPtis RdNBlatdd docil e
possi ble to produce a concentration filter plate capable of correcting both

of the centraigasa@NCaMhuNAENNGss afk dipERitd aldan Y exs UNeyeiess by
changi ng the angle of rotation of one concentration filter plate. Fig. 20A

shows the canceaid _qidrfmscfar{x{ier{g{ r&ﬁ&@&ﬂ&%i&&@i&ip%&@%%fﬂ&j

capabl e of correcting both of the centrally concave unevenness and

central |y coes iRy YdasSion 0¥ ik wiverd NEL GAMRING ddisfoneenig ati on
filter plate 63 is coincident wth the optical axis of the illumnation

opti cal systigymo ey Anatin diddotio e, Ass WH nee that dilenaxis and the y
axis extend in the directions corresponding to the non-scanning direction

and the scannilNgiNdRE ISLhRASANG dty AU HHoAptd ndd B despesii vel y.
Al so for the concentration filter plate 63, it is assuned that the change

of the corraq ARRTINHS 1 L YUTAI dat &R VE- I EMERARRS afl the
centrally convex unevenness at an arbitrary angle of rotation iIs

propor ti onaly @ e il ANEHRe ddt i AR thata Md enf saents dde

correction anount for the centrally convex unevenness, and ~' represents
the angle ofevadi@iti¥h WAk L fiafeie ff ¥Rd R LULEEH Wb pidee central ly

convex
may be used.

Fig. 4A shows a state in which the exposure area 35P
is scanned in the X direction with the light-receiving
section 42a of the uneven illuminance sensor 42. A curve
151A shown in Fig. 4B depicts the detection signal S2
plotted in this state corresponding to the position of the
uneven illuminance sensor 42 (wafer stage 39) in the X

direction. The calculating section in the exposure control

unit 21 of this embodiment calculates the value al of the
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104 unevenness to the correction for the centrally concave unevenness. on
this assunption, the transmttance T(x, y, ') at the coordinate (x, y) when

the angle of rotation 8 is ~', and the transmttance T(xmax,
which the angle of rotation 8 is 0 and the coordinate (x, V)

val ue (value at the position nost separated fromthe optical

ymax, 0) in
i's the maxi mum
axi s) (xmax,

ymax) are adntdlinawd onespmploneslity a BEX the ureven illuMinancel@hd TEherax,

ymax, 0) - 1 ...(18B) Wien these expressions are used, the nmaxi num
correcti on anuet bl of, tawed done avayictmvexo coenplon@n tamd byt approximat)ingt t he
angle of rotation B are as follows. Maximumcorrection D(~~ ~ -1 "'~ 19 )

amount 1- Zihe curve 151A in accordance with the least square method

with respect to the right side of the expression (1lA). The

origin in the X direction in this process is the optical

axis AX of the projection optical system PL. As depicted

by broken lines, when the curve 151A is divided into a

linear straight line 152A and a quadric curve 153A, then

the slope of the straight line 152A is al, and the

coefficient of X* of the quadric curve 153A is bl.

Subsequently, with reference to Fig. 1, in order to

measure the illumination telecentricity, the reticle stage

31 is driven to move the center of the evaluation mark

plate 33 to the center of the illumination area 35. The

wafer stage 39 is driven to move the scanning plate 43 of

the spatial image-measuring system 46 to a position in the
vicinity of the exposure area 35P. The Z leveling

mechanism in the wafer stage 39 is driven so that the focus
position of the scanning plate 43 is set to be higher than

the image plane (best focus position) with respect to the
projection optical system PL by +d (d is previously set
within a range in which a predetermined resolution is
obtained). The radiation of the exposure light beam IL is
started. As shown in Fig. 5A, the images 36AP to 36MP of
the evaluation marks 36A to 36M of the evaluation mark

plate 33 are projected onto the wafer stage 39. 1In this
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Dx B=M1~~ ycosB+xsinB -1 ...~20) 1-2M ~' xcos6-ysi n9 Wien the maxi num
correction anount D(x, y, 8) is used, the transmttance T(x, y, 8) at the
angle of rotation B in the expression (17) is as follows. 1 T(x, y,B) _
...~ 21 ) D(x~y~e) z ~xz + yz)+ 1 (1-D~x, y,e)) R (1-M 105 According to
t he expression (21), it is possible to determne the transmttance at an
arbitrary posthiten @s, hpyiag bdeear explaineanglie hofrefetranicentd. Fig. 3B,
Specifically, Fig. 20B shows the value T(r) of the transmttance T(x, y, 8)
at the positihe dhayke BadPusor 3i6MPt heeneanmadniing ttier acdicrctiom ahe
center (optical axis) when the angle of rotation 8 (rad) is set to have
three types. the ki dir2eBioanwiphatdley offenddicehatitcrds @44 of the

scanning plate 43. The obtained detection signal S3 is

processed by the calculating section in the exposure

control unit 21. Accordingly, the positions of the images

36AP to 36MP in the X direction and the Y direction are

calculated. The results of the calculation are supplied to

the main control system 22. The origin in this case is,

for example, the center of the image 36GP of the central

evaluation mark 36G. It is desirable that the movable

blind 14B is driven in accordance with the movement of the

wafer stage 39 to radiate the exposure light beam IL onto

only a part of the illumination area 35, for example, only

the evaluation mark for which the image is to be detected

by using the spatial image-measuring system 46 during the

operation of the detection described above.

The images of the evaluation marks 36A to 36M, which
are measured by defocusing the scanning plate 43 by +3, are
designated as images 54A to 54M on the lattice depicted by
broken lines in Fig. 5A. For convenience of explanation,
the lattice of broken lines is depicted in a rectangular
configuration, however, it is actually distorted to some
extent due to any distortion in some cases.

Subsequently, the focus position of the scanning plate

43 is set to be lower than the best focus position by -9.
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represents the transmttance T obtained when the angle of rotation Bis O.
A flat straight line 64B represents the transmttance T obtai ned when the
angle of rotation 8 is ~' (0 <~ < ~/2). Adownwardly directed curve 64C
represents the transmttance T obtai ned when the angle of rotation 8 is ~/2
(90). It is understood that in the range in which the angle of rotation 8
is smal | er sHanlarlyt,hehler postittibagcdnT the Xnerigased onn ahdraimeery of
gquadratic function of the radius r, and thus it is possible to correct the

central ly canvextibeyveiness iwliges 3BAPhEO 3P 0T WheC Rvial@ati@e of
rotation 6 is larger than ~', the transmttance T is decreased in a manner

of quadrati gafritaCBic@n ofssthe .r 3dMisre dtérifned by AN it s taanr ect
the centrally concave unevenness. Further, when thé angle of rotation 8 is

0, then the ;3ARE0c@burlneasdteh e t RS Bithaned Fest@sPeiddheral
portion with réspect 106
supplied to the main control system 22. Fig. 5A shows the
images 36AP to 36MP in this case and the images 54A to 54M
previously measured. As shown in Fig. 5A, the main control
system 22 determines, as vectors <VA> to <VM>, the two-

dimensional positional discrepancy amounts in the X
direction and the Y direction of the images 36AP to 36MP as
obtained when the focus position is defocused by -0, with
respect to the images 54A to 54M as obtained when the focus
position is defocused by +d. The simple average value <V1>
(= (cl, dl)) of the vectors, and the average value <V2> (=
el) of the component in the radial direction (R direction)
with respect to the origin are calculated as shown in Figs.
5B and 5C. The average value (cl, dl) is the inclination
component of the illumination telecentricity, and the
average value el is the magnification component of the
illumination telecentricity.

Subsequently, in the step 104, the uneven illuminance
and the illumination telecentricity are measured in a state
in which the driving amount d2 of the driving unit 24 is
set to the end (d2 = d2Zmax) on the plus side in the range
capable of driving. Accordingly, as shown in Fig. 4C, a

curve 151B of the detection signal S2 of the uneven
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to the central portion is the maxi mumcorrection anount M and the
correction anount for the centrally convex unevenness i s maxi rum Wen the
angle of rotation His ~/2, the correction anount for the centrally concave
unevenness i s the maxi mum correction anmount D represented by the foll ow ng
expression. M1 n 1 D=1 ~ ~r-2 ...~22) In the concentration filter plates
161, 63 shovlliumimiagte oot 2AQ dfs tdbtsiardedi Mt curvee tIrsdsnig t ance
distribution is optim zed two-di nensionally. Therefore, they are not
limted to Wdisideel fiotd e limejeactstara iephpodlime dRd ainds aofqudd iscanni ng
exposure type. They can be al so used for the projection exposure apparatus

of the full cureled 1&3EasuUmhusy,pahd Mrndld mytieh erpotesar iddedhmbame for
exanpl e, the concentration filter plates 51, 161, 63 are used as the

filter. In poacavidyeiotiex icomponitl &2 aff s drsiem iV pgindidel afey st al
panel, in which the internal pattern is controllable, my be used, and the

i nternal paigheaindd.anws tshange idl $tid.bWe e may, el ie@rinallon
controlled. In the enbodi nent descri bed above, the adjustnent is perforned

during the gRaponmmnt cf, W9 idf WHa a1 iGhal v efd1ddentidicltgasdndne of

the illumnation telecentricity and the uneven illum nance
the magnification component e2 of the illumination
telecentricity are obtained from the vectors <VA> to <vM>
of the positional discrepancy of the images 36AP to 36MP of
the evaluation marks 36A to 36M shown in Fig. 5D.

Subsequently, in the step 105, the uneven illuminance
and the illumination telecentricity are measured in a state
in which the driving amount d2 of the driving unit 24 is
set to the end (d2 = -d2max) on the minus side in the range
capable of driving. Accordingly, the inclination component
a3 of the uneven illuminance, the concave/convex component
b3, the inclination component (c3, d3) of the illumination
telecentricity, and the magnification component e3 are
obtained in the same manner as described above. When it is
intended to calculate the driving rate more highly
accurately, it is desirable that the driving amount of the
driving unit 24 is set to four or more to measure the
uneven illuminance and the illumination telecentricity.
In the subsequent step 106, the driving rate of the

driving unit 24 (first lens system 12) is calculated by

using the measured values described above. For example,
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107 (exposure anpbunt unevenness)). Alternatively, the illumnation
characteristic may be adjusted during a period other than the period of the
measur enent. For exanple, the change of the illum nation characteristic may
be cal cul ated (for exanple, by neans of sinulation), and the illum nation
characteristic may be successively adjusted on the basis of the result of

t he cal cul atghen.inditigrataitdny &ompdrientds laymwhaitdho rareh et igfd s twernmyhde
periodically measured to performthe adjustnment, and the illum nation
charact eri stdrGivigy kenaditidred Dsarars of dhecalaid atdnmas desl ped
above during the period of the periodic nmeasurenent. As for the uneven

i1 1um nance dEXRARMUES FEBPECHIRRMSNNEIHer X re Oft Hh&ir iR A atd tah ka2
unevenness and the centro symetri cal unevenness (concave/ convex
unevenness) B¥uPe Wit SbeRor d e hianras rft ildie ddngdrdiat ipngangdi tion,
i.e., the intensity distribution (especially its shape) of the exposure

| i ght beam Idg1aRyshe pupil plane of the illum nation optical system Only
the centro-symretrical unevenness nay be adjusted until the change of the

il lum nation condj_ty Qn (o t odi I, bed aboy. t he
i1lumnation congélattil o_n-[g(\%%—c%ll ):?g;dzsldyag‘t_e(%e"‘l—ncrﬂ%ufg‘ejgﬁggffqﬁﬁgtzhe ap'e'r'thl'rElBe)

di aphragm pl ate 10, the optical jntegrator (first fly's eye lens) 6, the
light anmount di stHMHdd -"c&ﬁ\ﬁ'el*irilﬁ’gl S (R LM e Kt i cal el enent)
55, and the switching unjt 56. However, the illum pation

condi ti on- sWAR/Hg loy dtm (M@ d/migly iaRd Jef? JARAG/M b e RS QUi aphr agm
plate 10 or only the switching unit 56. The switchjng unit 56 may perform
only the ex&RdfFeadred EEh HERRASF J° [ShehCONFRNR/ CHISISH RBRAREYnRrt i ng
el enents descri bed above. Further, for exanple, at |east one of a zoom
optical sysCEmtafd UReySY L WHNARCq c Shis APSIARGh IR CBPeE udar hgul ar
pyramd pris rel atively novable in the direction of the optical axis of
the illum n&f &Fheoptilainaidkonn tahpasd thicliged ARkt vidish Mam Ibdm iR | i ght
source 1 and the optical integrator (second fly's eye lens) 9, in

conbi nat i on COMPNENEa& ofndhst lHamisatinne tElgaedhGate %ind the
swtching unit 56, or in place of the aperture diaphragmplate 10 and the
swi t chi ng uRRLVE&9 LR tafe 3t SdidRat desc SUERIHIVELE tHe ¥hg Maldye | ens 6,
9 is used as the gptical integrator. However, it is clear that the present
i nvention i §CRAtIELaFySteHbI22 -when an inner surface reflection type
integrator (rod integrator) is used as the optical integrator. Further, in
t he embodi nent dédc PHRGESS 1t fdr g [AOPHNARYE FiR IB% iSalosstdif | LS based
on the so-called double-fly's eye system in 4~hich the fwo-stage fly's eye
| ens syst emd&1vengds T&hs dpLd Witd FESPeTokd dhe [ GHVE/GRINSention i s

al so applicabl e when the iIIunination.%ptian systemis adjusted by using

only the onESRPRYESHtY Off the Sqersdy I e, ARy EYShsi™ind r od

integrator). Further, the diffractive optical eleneni, (DOE) may be used as
the optical Wt £§5& O fg@ oth&r yRlrerolthose sGestd IH‘%ﬁﬁ‘%%t’T“Hﬁ‘%t

al so, for levels may be stored as they are. Values within the
predetermined levels may be stored as zero.

Specifically, when the first lens system 12 is driven,
there is such a possibility that the driving rate ke2 with
respect to the magnification component e of the
illumination telecentricity having the characteristic of
centro-symmetry (axial symmetry) may exceed the

predetermined level in the same manner as the
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exanple, for the ordinary illumnation and the small a value illum nation.
O course, in this case, it is desirable that a plurality of diffractive
optical elenments are prepared to exchange t hem dependi ng on the
illumnation condition. For exanple, when the inner surface reflection type
integrator, in which the light-incomng plane is arranged at the pupi

pl ane of thedndaws/Mainvesx eurpsalergydi.em and the |ight-outgoing plane is
arranged in conjugation with the pattern plane of the reticle 28, is used
as the optical | negioperatdomnddmamptireal thd tstephild? ivecludesstaip | east
one of the plurality of |ight anmount distribution-converting el enents

(di ffractive oeptairealex@ceriad Sor td18 zForaneptdrcialirsy sirgifds @3 e gmids of
prisms described above, is arranged between the exposure |ight source 1 and
the optical dedicgdnrRiPRrdvd ) dhedingidaie angha dpret <y Kaie, qaposure
light beamIL comng into the inner surface reflection type integrator is
changed upomdiihe keiang of( it he 1i lddimg K idh E@didired Wiehdindters eye
lens is used as the optical integrator 9, a surface light source conposed
of a pluralifoy @adh @H +HRUNAA dnlBERSIon -Bnd & RAEONGAMhd infHiin LUHGR1 S
formed on the side of the Iight-outgoing plane. Wen the inner surface
reflection iyRedmheqr alGicdrs th3Rd, the §RGad JridiitledOUoh AHBAR&S) of a
plurality of "virtual imges is formed on the side of the l|ight-incomng

pl ane. Thergiygreo 1He st 198G Riddd&HddHEr At it aqdidr iQfid each of
t he enbodi nents descri bed "above is “equivalent to the change of the

nensity digslel Bl o 1 bt FEROME I e BEABIdRIN NP ane Of

the illumnation optical system and the change of at "l east one of the size
and the Shapeqd cidns3eCadae |dky AU {LOMII HgRR RiPignd! ane of
the illumnation optical System In the enbodi ment described above, the

present invenli9qnd $ARRHLdd a:oﬂé‘%b‘éfpojlﬁﬁt o &J&Wrﬁxeﬁﬂﬁiﬂﬁ&iﬁ%d on

t he scanni ng exposure system wever, the present Invention Is al so

appl i cabl e tc%ntclrl%i[?)rnoja?ﬁitf {ﬁqc@iwr&@mwﬁﬁ@s HatleEPPeie RASKA R A%

st ep-and-repeat system ( field exposure system), and the exposure
appar at us bagedp@Rn AN RNATIEL £ 1A OF FHe SNHERdt M icIhd MSions .

proj ection systemis not used. The exposure |ight beam (exposure beam is

not 1 m t ed glgeke , ulkiiay ietlia et 35 MRS AriNataRE et el e, the
EUV [ight beamin the soft X-ray region (wavelength: 5 to 50 nm generated
fromthe S hr @0y iRl [\ j I | i ght
source maycﬁggﬁ g&.' ?Etrllle?ria]le Eﬁ%fﬁ%@a?ﬁarﬁlﬁlﬁm %(%Lafaﬁepﬂ??n?nati on
optical systqm gid chae 191 Ui ABORId Al DAY M I LD RA! Y 8
plurality of reflection optical elenents. In this case, t concentration

filter 51 may g%t‘é%ﬁ?x%%d £ %h%e‘lxje%%tvi\i/rislﬁxdﬁrﬂ‘?fmirﬁﬂ% MG Indevi ce

can be produced fromthe wafer 11 own in Fig. 1. The sem conduct or

device is praduegdmpY RebiOMTaRS JOhRX AN pA atlith ¥aldR3iANidP dihe
function and the performance of the device, a step of producing a reticle

based on thenkOhagqisNG FShlR o3 it Far@YWRGtHdNg 1R MRtSod "om a

silicon material, a step of exposing the wafer wwth a pattern on the
reticle by WshAgtliRgsProj ection exposure apparatus of the enbodi ment
descri bed above, a step of assenbling the device (including a dicing step,

a bonding step, Qﬁdtﬁigaﬁg‘i%%ie%%,Sti%p)bhea%%s@" JENUHC Wbt i vy way of
use of the exposure appafatus is not
unit 24 (first lens system 12), the driving rates ka2, kc2,
kd2 concerning the centro-asymmetrical components are
amounts of such extents that they are originally

negligible. If such a driving rate is large to be not less

than a certain value, there is such a possibility that the
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limted to the exposure apparatus for producing the sem conductor el enent.
The present invention is also widely applicable, for exanple, to the
exposure apparatus for the liquid crystal display elenment formed on an
angul ar glass plate or for the display device such as the plasma displ ay,
and the exposure apparatus for producing various devices including, for
exanpl e, thefimBgelphekepsebanent icf eccexampkeorCeR)r1 ihba.m atownghi ne, and
the thin filmmagnetic head. Further, the present invention is also
appl i cabl e t ethhe,eipossr poskepleexposeneeappahatusfintonbendisadevhen the
mask (for exanple, photomask and reticle) formed with the mask pattern of
various devi pasetiSofir eHlisedebM14Si A8 tBeppbetibhiet hogpapyrat €pe It shoul d
be understood that the present invention is not limted to the enbodi nents
descri bed abgW8uswhenf.112 i ncludes a variety of nodifications and

i nprovenents of the enbodi ments descri bed above concei ved by those skilled
in the art w thinyaxtanagpiahatievhaivedlf bembhe #seRerardrbheespbrht of the
present invention. For exanple, the shape of the concentration filter plate
is not |imtedo;0chAetCEREWhalnCPREL YN 2biroAn WhbaP1ERY tbehansaflkhbar Y
configuration such as a rectangul ar configuration. An arbitrary “di nm ng

materi al mayigea4e8Mad kql rj t t bRo n t{,on
i cer ol ot A g LR o R PER ey

concentrati ofshhlt hePh2i6ihg POteBeQBEERMIh¥dr Q5ahedchkibkReaBboBE. The
concentration filter plate nmay be rotated or noved threedi nensionally. The
embodi ment descrigedrapgve kg thbusteptiye Qhol/AeiRagegqln “hkﬁg the filter
of the present invention is provided Tn the vicinity o? tﬁé pl ane conj ugate

with the eXinMﬁﬁiﬁh@ﬂ@nOthB§tm@Be&sCQE&%EE@??F?EFBQ Lhg sgcend object.

However, there is no limtation thereto. may be provided in the

vicinity of S e orre ndh ng t Qe nd
LMY, OF bpererpesussefitagh Biatbe1obREuROLAeERgNCNg, HRel e 1aeRg"
optical systggbufEeopsli 91! 9et BhePrESERhgl BUERLI 99, bRS bbkugbnabiog gystem
(illum nation opti cal systen{ of the expgsure apparatus can be adjusted
correctly fo o PRLI fLoLLBE: en e LSt Gz ring
system for n%gguf?ngﬁ?hgé?€_%ﬁiRg%?gﬁéggarg%gefgg?%gﬁéﬁa?ﬁg %EgﬁéﬁE _

i1 1uni nat i onpe}gEeM & SsPf OV defle &geibghuakma&hQH §¥5Eﬁg]ﬂgﬁtn9t% Phypal ity
of illum nation conditions can be adjusted atutomatically. en t 8

inclination EHEDQHQGénaﬂﬂlﬁﬂanHSQi5?83£h8niEQHBQHSFF8ﬁIt%ﬂ@c&ﬁkk%@i%

anount of the telecentric property of the exposure eam are neagured

ina diVidedaf@nﬂéés@fe&hfni£$é”§9ﬁéiﬁQnﬁBﬁréﬁFEﬁiEhh?sgégelﬁgjHﬁ&ﬂﬁ”&nca”
be correctly performed for a short period of time by independently
adJUSF'ng,thﬁiQQt@; AEROERIE NGLEP 118 pﬁﬁéeﬂhclﬂﬁﬁﬂibﬂncoﬁPS Ehgnsm ttance
distribution of the planer area or the flat plate-shaped |Pter is

controll ed. PhaFNoby, agt { Be OLL A h iformty
of the exposﬁ§€ aﬁ%ﬂnt %ﬁ§?$$gﬁt?oﬁﬁga%ﬁ%e9§§%§g§é§H§P$%oé%mE§E§#gntiaIIy

deterioratinggé£6haﬁ&§06am§ah@ﬁt@hs afheﬁsnﬁﬁeééﬁtgile&iﬁgﬁchQPéure I ght

beam The centro-synnetrlcal unevenness or the i1 nclinatlion unevenness can

be corrected.fteiatde HFUNHE QSHiEhb¥h§5%98cé36r8”§h6%htEﬁ paych is

rot at abl e and whi ch has the one-di nensi onal ransm ttance distri butron.

Further, vargouspgy of t fde; £&1 £ Qe SYNMBLRHERLnHECYE 9f§5c8@??98ntﬁgving

corrected even in the static exposure state by using the two ter

the One'di”&9§H?U§6dtiﬁ@%ﬂ&éﬁf%&éhﬁﬁéﬁré@MbéH@n%”eCQEbkﬂétE?ﬂum?ﬁ%£¥oﬁ2i”9

the one filter having the concentric transmttance distribution. Furt
according tod st fPrare calculated. In the next step 114, it is

judged whether or not the uneven illuminance a, b and the
illumination telecentricity c, d, e are within allowable

ranges respectively. If any one of them is deviated from
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114  producing the device of the present invention, the device can be
produced with a high Iine width control accuracy by using the exposure

nmet hod of the present invention. 115 What is clainmed is: 1. An exposure
met hod for exposing a second object with an exposure |ight beam passed
through a first object, the exposure method conprising the steps of:

radi ating theesRasadlld GainReamnentuthad iprdfcclisedlc t3Rd Gy nals ing a
transmttance distribution of the exposure |ight beamin a planer area
traversing ap QRhictAlataXithePlarliRE iR} RABNR o Id@ht( ibeam iy, the o4 ¢iga ty of an
exposure plane of the second object” or in the vicinity of a plane conjugate
with the expqspd ariihvaly uhitEhe39ROIUIE tFRIRARE AHOHAL G 16h 1

wherein the transnitpa%%e éispribption is_controlledugg a f?lter%ﬁ%h?%a
predeterm ned 4 aR3McHANGS oHiHhiidH 1A dRithlied ty BN LPH G YAt the
exposure light beamin the vicinity of the exposuré pl'ane of the second
object or in.t FGIR b h {olpl] i t:h t expasung pl ane.

3. The expos%l?r Iea%r%e%g ltgg]cg{l(ﬁlng:h?o%cr}ﬁgﬁ%gl%gﬁe%r \ewlanl't kllégﬁt'r ansii ttarce

di stri buti or _gorr.ect evan f .an re th Qi Skrl i on for the
second obj ecr]?(te.c'L z{.l Thfa1 g%)p\é U%Z:%irfgt(ah&% g’?cég?%liﬁlg ct%orlrl[ll"(.:fI%a%‘l %@%é\ﬂﬁé?éi nII e
transm ttange .di stribution d roll. i tri Lstribution.
5. The ex pogi}r:L g %tsﬁddttg%cglro g'il%g’r%t“g & Ilglﬁllr%]tt%,n%v?k\(%r %qﬁx%[{%??} r(gln(r:;i mbt ance

di stributiong hge%ontrolled to have a distribution one-dinensionally in a
predeternineg ITEction.

-a = kaledl + ka2¢d2 + ka3+d3 + kaded4 + kabed5

-b = kbledl + kb2ed2 + kb3ed3 + kbdedd + kb5ed5
—c = kcledl + kc2ed2 + kc3ed3 + kcdedd + kc5ed5
~d = kdledl + kd2+d2 + kd3+d3 + kd4ed4 + kd5ed5
—e = keledl + ke2ed2 + ke3sd3 + kededd + ke5ed5

However, actually, the number of those which are not
zero of the driving rates is about one or two in each row.
Therefore, the simultaneous equations can be solved
extremely easily. The calculated driving amounts di (i = 1
to 5) are also stored in the storage unit in the main
control system 22 as parameters corresponding to each of
the plurality of illumination conditions.

Specifically, it is considered that the following
relationship is provided. That is, both of the driving
unit 24 and the driving unit 23 affect the concave/convex

component b of the uneven illuminance and the magnification

component e of the illumination telecentricity. Both of

64



| 16 6. The exposure nethod according to claim5, wherein the
transmttance distribution is controlled to have a conbi nati on of

one-di mensional distributions in predeterm ned directions. 7. The exposure
met hod according to claim3, wherein the transmttance distributionis a
di stribution which changes one-di nensionally symetrically about a center
of an opticaheadirividg Theteepasuhd fhkhded igdagr dnig R6XChdifecd, theer ei n
the transmttance distribution is a distribution in which transmttance is

i ncreased orndaahadsies asmpeneatf ar bfetheepaesead iinomiaance! agd tad s. 9.
The exposure nethod according to claim1l, wherein: the first object and the

second obj eghcafifatibahiconposlentmeved ithed ildaminag idn eelliceenthar ithe
second object is exposed; and the transmttance distribution for the

exposure |i gl YA di¢eny anlied 289 bFFectd eRROSHCE iAERYBN Gomponkit on,
whi ch is obtai hed by addi ng up an exposure anount of the exposure |ight

beam for thg ggcend QBeatina ibAe teq@eRn®e j@ikgction, is uniform zed. 10.
An exposure apparatus for exposing a second object with an exposure |ight

beam passed thro'é,%s\%ﬁmeh%_tlﬁbitﬁ%t rth@.n%XP%%'é%dQPQ%r hids TP B an
illumnation systemwhich ifllumnates the first object with the exposure

light beam dil&d,eatthkee%%eoggivihgehn\&f&iss:a3i $0205aN96d thid the cigivdd y of an

exposure plane of the seco objeéct or in the 1~ 7 vicinity of a plane

conj ugat e Wd&tivtih? SHBARLEE Rl 3Re=00 B 8R! kedheRRliReNY.  AgtRrPeRARe | i ght
beam up to the second object and which has a predeternined transmttance

di stributiognu geu%&ﬁ@eggokgehge tBXRARUER b0 2063 115 tHhRRERIRHT €

apparatus according to ai m 10, wherein:
the uneven illuminance a, b and the illumination
telecentricity ¢, d, e again. In the step 114, if all of
their values are not included in the allowable ranges, the
routine proceeds to the step 115 again to execute the
calculation. If all of the values are included within the
allowable ranges, the autematic adjustment is completed.
When the same illumination condition is set next time, the
adjustment for the illumination optical system is completed
for an extremely short period of time only by driving the
driving units 23 to 25T on the basis of the stored driving
amounts di.

As described above, in this embodiment, the

illumination characteristic can be automatically measured.
Therefore, all of the measurement sequence for the driving
rate shown in Fig. 8 and the automatic adjustment sequence

for the illumination optical system shown in Fig. 9 can be

performed in an assist-less manner.
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the illum nation systemincludes at | east one optical integrator for

uni form zing an illum nance distribution of the exposure |ight beam and a
field diaphragm for defining an illum nation area on the first object of

t he exposure light beamfromthe optical integrator, and the filter is
arranged on a plane in the vicinity of the field diaphragmor on a plane in
the vicinity of an irradiation plane of the first object; and the exposure
apparatus further conprises a driving unit which noves the filter to
predet erm ned arrangenent. : RO TR dBRearat us according to claim
10, wherein the filter has a concentrlc transmttance distribution. 13. The

exposur e appar at §exGCekeidtatdonl #¥iMlbe WaRLifdrt B Exa@1'@F @he
predeterm ned transmttance distribution in a one-di mensional direction

symret ri cal by jWslthn ﬁ@%%dt AR t@rat kb BhleS moltd £ 1 Hae iDIRASWaR idRPlsAt us
according to Claim wherein the filter is conposed of first and second

filters whi gar%\fﬁleah%ysq%ttam&w ttth@n%@e%%tr@ QULLAR algh 3 08nedimeny onal

direction synmetrically wmth respéec~~ to an optical "axis respectively, and

the exposur GoARRAGA A b ion YoiNEhet o ?érft%‘i% Aidphfoh 4 2l e Otares

the first and secon ters | nmut ual 'y opposite phases. exposure

appar at us ar%a&dggg %élci#,lﬂlllrpa%%.on attgﬁt?j;l CQRhiS gr‘i}ggggr]ny ?ﬁ%n%y e Ppghi ch

synchr onous y nov I'rst object t he "sec scanni ng

di rection; ?E ggge agggn&eqbsb{hgughggnng%sg |n96%nh5 ik measures a

distri bUtI on (0] | ue 1I'n e scanni ng EC I on Or an exposure

anount of tgglamgﬂag&sn!bg@acaﬁa B3R 18 5900 ARG hiondNd @ control uni

whi ch contr riving unit change an angle rotation of the

filter in accordiﬂC@hwgtBaaa egagsglah%nauahn%'a& quLhanqeagabgqtqm the

di stribution-measuring unit €~exposure apparatus accor
11, wh I I i;gh d th
L, pher ol nebBich] 587 A2 sabchid ?ﬁég?iéﬁgéﬁ? 2eTa%s @??ﬁuﬁaow

i h
The exposurg, @HFEE""REBE?CC?%O' HgtE.?% 'i,g‘OHac‘é/”gEekﬂett%O%{p%ﬁ'&r hz%t

beam has a wavel engt nmor e f Of “produci ng a

devi ce, cOMpLLS BOChAGNSYRPEAh LHANShEr bhigeacderiGe 33klern 910 @

substrat e by exposur & nef Rdd~as inTclarm
optical element, a prism 1nclud1ng, for example, a conical

prism (axicon for zonal illumination) and a prism of the
guadrangular pyramid type (pyramid type) (for four-spot
illumination) may be used. 1In order to adjust the
illumination area of the exposure light beam IL with
respect to the second fly's eye lens 9 depending on whether
the aperture diaphragm to be used is the aperture diaphragm
10b or 10c, the arrangement is made such that the first
lens system 7A can be driven in the direction perpendicular
to the optical axis by the aid of the driving unit 62, and
the second lens system 7B can be driven in the optical axis
direction by the aid of the driving unit 58. A zoom

optical signal, an optical signal to continuously change
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. AS. AfR AnR AAe. Af e. AA?. Afe. AGR Af R. AAe. AR A{ R Al Ue. ASe. A{e. A?. Ahe. A e. AfR
A{e. AyR Ae. A{ R Ay. ASy. Aye. AYR ASR. A, . AA, . A 2. AFR An, . A A . Ay&?. Af U?. A&?. AR
A?. A 2. A2 A@GR A . A, . AU?. Ahe. Ay?. AS?. AA A, , . ASO. Ay, . Ah9?. A9. A@ . A& A & Af &.
A & A& A 9. A& AfF9. A L. A & AUF
. Ah& Ay & A& AU&. AL. A, , . A?. A & A A& A& AA&. AR. Ah, . AU&. AS?. A& A, . A& AL. AU&. AA
?. A" . As. A 9tAk, aBbBerAt&oAh9oh anApptAfalAbdighblAftb. ASstAlrt. Ah& AlroAs, . A9. A?
A@ . A9&, . AU?. Ah9. A& Af, . A9. A% A ;f_. As(y9. A% Yu ) .
M n} xsni d_Zkeekdahcalfc aheabeainc dyc aptakdagca] cglldadedled] dehsahag] bal cal cal
ca] cRa] ca] ca] ca]ca]ca] ca]ca]ca] cal] cRa! RSqr [ "i k3" 4" ##Z#[ ##} xsni d_Z] ca] ca] ca]
ca] ca] ca] cahsalicahcplagkcajfczheajldghtaboalleakdahcaptdlad] 6gktancabeahca] ca]
ca] ca] ca] ca] ca! ##$$P~& &(' (WM(Xx(((=)*b+c++---..P..../://0AOx000}xsnid_Z]ca]c
a] ca] ca] ca] eahpahgabpétlicallcayeikmg] cahpaked] od] eakcakna] egktamsalag] cal calc
aJca] ca] ca]ca] ca] cal 01P1i 1112?2D273b666667777(8*8Q@BR888 :::L::::2;
<}xsni d_Z] cabca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal <===>1>h>>>?<?w??? @l @ QOACABL BSBTBaBhBBBB
D: Dr DD} xsni d_Z] cahcahealkaskcalfc @heabplicalic alyeakbmaktalwaliaafFdal.cahgaliea] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! DDDDE* E+E6EUEVE[ EEFFKF| FFFFF' GGG
HHH; has been confirmed by the present inventors that the uneven
| <I JJJJIKK} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal ¢ahfmdhaatealisaheabkalCahsahea! KE@NALLREGMoNNtREOPPPPPPQRRRSSOTPT
TOULUVWNVOVWW xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caj ¢ahgahedbnaheahcakeal GAkbnakhal cabWARXIKRIXXYayaYY¥ndl b\ 3ss\ \ \\\
] ~MxnAynnnl # - Y xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajgaht @ cal tamsahealcal ¥akCahearbsabgakne anwpyeaazb@bbcccdddzd{d
ddVeWeeeet f v f f 0g2ghhh} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] ca] ca] ca
] ca] ca] ca] caheebﬁamahﬁahaabea]igals.?ebagheahw] aakakaalinftol ithekkG H X111 m
nmmmMoAsGst vxx ~f ~xu{} xsni d_Z] ca] ca] ca] ca] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ggl ¢al,salcaheabeal cal ca] ca] ca] ca] ca] ca] ca! {1 - QOUWVEgM i ?w} xsni d_Z]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]
ca] ca] ca] ca] ca] cgj §a] wALW¥AkDiochl illumination area is small, the
}xsnld_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cafca]ca]ca]ca]
ca] ca] ca] cajmaheapeahealitahmdhantel 8s>1dekvanied, Zbeahaskc2heahmahnt] 6@] caj c
a] ca) ca] ca] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!)
W a, 2r nPJP6j $git passing through the aperture -diaphragm is large.
}xsni d_Z] ca]ca] ca ca]ca?ca]ca]ca]ca]cafca]ca]ca]ca]ca?ca]ca]ca?ca]ca]ca]ca]
ca] ca] ca] cajigpbgalcabsmbcakCceheakbribtéMive elements of the second fly's
""$|"*,,>/E2K2367?:k<::?.@&A?C}xsnld_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] cayeaj easco] sabcal tamtnaheahcahcal aal¢afsalchkbaamaahes. 7 CeiliEGHHKK
MNNOQRSSUV( XAYGY[ *m -accce: ese}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] cphadycateateal eakcahepbaaltahmahaakea] cal cal ca] cal ca] cal seeef Pff
f, hXhhi ni *knno3qvrss] uyyz} ~~dfl >} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca} gq] crhenl eRbcabealcalsamgaheabnaheahcakcahegbgathdl 7" d/ Shl
b$* =$* ~=C| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajgavEn] ¢8l grisaheal §3] aatcakecriprl@dckSasReobxsnbd_2Z] ] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
1 ca] ca] ca] capeps8AGZHEx hbant! 6K WMighe  shealaahcayceheahpakealeal cal cal c'a]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ca] ca] ca] ca] ca]ca]caJca]ca]ca! nk}r x
| I kR .diaphragm 10b, 10c is increxcced, and the image plane
7!r!!!}xsn|d_ZF]ca ca]ca]ca]ca]ca]ca]ca]caIca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
ca]ca]ca]c cakc cal cal ! " K" " Ngd##H#
%I$£$$£$@L@£%£§%%ﬁiﬁéé(?%kgéﬁ%%g?isn%d_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
cal cal cal cal cal cpd palwbfiotfiel sabes] ol gal ateahcateal eal cebeateabGrren M

(o PR T-Q----L L [T11'T1}xsntalV]ca] chal ca

VlchaV] ca C@%&f%cfécéiéﬁlgaléﬁbéﬂ& at n3t caheahfaleql ¢al Galnaheal 6al eakcal ca
] ca] ca] ca] ca] ca] ca! / 0000%9=0q00011334F6M68! : ;

;5 <Uk<<=?=K= =7 110} o caJcalc
a]ca]ca]caFgg%gg] a %%]%%T%g%ggr%g%%g?Lg?t%@?%g?t%Q?Lg?%g?L%gh segel cal cal
S=] ={ ===>+>0>2>5>9><>>>ESH NS V> X>>>>7?

?2L?N?e?l ???@ @@ upkfa\ Wj d_Ynfa[ V]] ca] ca] ca] ca] ca] caV]ca
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V] cMaV] ca] c”a] ca] ca] ca] ca
V] cfaV] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] cap @IoAQAAAA9Bs BBB
CJCCCC¥_DDDDEGE| EEEEEEEE#FSG wr ngb] X] ] ] ca] ca] ca] c™a] ca] ca] c”a] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal SGEHHOI gl
nl RLMOORTTUCUOWAZZ5\ * ™ Gb
deekkx| DoRpYppdesni(dnZ]liihhtdpnatompoakat])ca] talisaeahdtakcdroa] thpcdheca] cal c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ppqgqgr Nt t uuvWvvwzxzzi { g{
P| | ~YDY] } xsntdhxseadhZbf] the] eakmehea] od] takcakecahdaftg] eakge] tahsapcal cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca( Yui K-y
10%& ()-S 10%&s( thé0¥&niteMsO%&. () ALCBRALNhgY YI0FR EhiSlemBoq)limenit], ?When
10% ! 109&Z& () - 210YY10YY10YY , ; nlO%rY& ()-S+ 10%& ()- @f 109%& ()-f' f10%& () -
t) +, - . the Hydi®¥MH10Y0ERi0ht1041081D4r fdOHER (ith theYE@EER () -2
H10{Z{ & ()-2 '10%[Z[ & ()-2 MY:j By '1109WM& ()-! 109& () -
10%V& () -! M dpdént) dibk9MWEON)-covE@VING elemeny 55! 18%pécihi ! 10%
h& ()- 10M 10M 10M t 10%v&' ()-1
adjustment sequence is prepared as shown in Fig. 10.
In the step 121 shown in Fig. 10, the measurement of
the driving rate shown in Fig. 8 and the automatic
adjustment sequence shown in Fig. 9 are executed in the
state shown in Fig. 1, i.e., by setting the ordinary
illumination. In the next step 122, as shown in Fig. 64,
the first fly's eye lens 6 is changed to the light amount
distribution-converting element 55, and the aperture
diaphragm at the light-outgoing plane of the second fly's
eye lens 9 is set to the aperture diaphragm 10b or 10c for
the modified illumination. In the next step 123, the
uneven illuminance is measured by using the uneven
illuminance sensor 42 shown in Fig. 1. The inclination
component a and the concave/convex component b thereof are
calculated as shown in Fig. 4. In this process, if the
uneven illuminance having an extreme inclination appears on
the both sides of the illuminance distribution in the non-
scanning direction, and the inclination component a exceeds
the allowable range, then there is such a possibility that

the local illumination area is eccentric as described

above. In this case, in order to allow the inclination
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109v& ()-!""110%!'& ()-uj_=y 'LI'10%& ()- 10 h 10 h 10 hL;t10% h& ()-f 10%
h& ()-! 109% ()- 10%h& ()- []"_u _@ 'M10%| & ()- 10 10 10;
S109%&' ()-f- 110%& ()- !'y:!110%n& ()-y:!109& () - ##H##H#SS~_=y
'fM10%n& ()-fM 109 ()- 104| 104| 104|L;
t10%1] & ()-t!10%| & ()-!M10%& ()-%$%& (((((avK@ ! 10 10 10;
S10%&' () - f L@dmpofient) of Wd B/E nc)lueldSWiAHE'n( Jthe!allQ%t a1« )randeh+ He<VK@
I, 110%9& ()-, '10% & ()-! ,S 10%/& ()-3 ,S 109% ()-3
first lens system 7A is shifted in the direction
corresponding to the X direction or the Y direction in the
plane perpendicular to the optical axis.

The concave/convex component b of the uneven
illuminance is regarded to be the evaluation object in this
state. That is, the routine proceeds to the step 124 to
judge whether or not the concave/convex component b is
within the allowable range. If the concave/convex
component b is without the allowable range, the routine
proceeds to the step 125 to shift the second lens system 7B
in a predetermined step amount in the optical axis
direction. After that, the routine returns to the step
123, and the concave/convex component b of éhe uneven
illuminance is measured again to judge whether or not the
concave/convex component b is within the allowable range.
The correcting operation is executed until the
concave/convex component b is included in the allowable
range in the step 124.

After the concave/convex component b is included
within the allowable range in the step 124, the routine
proceeds to the step 126. The lens cystem 4B of the beam-
shaping system 5 shown in Fig. 6A is gradually changed
(scanned) by a predetermined amount in the optical axis

direction. The uneven illuminance sensor 42 shown in Fig.

1 is scanned in the non-scanning direction at the
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exposure control unit 21. Further, the detection signal S1
of the integrator sensor 20 is also incorporated into the

exposure control unit 21.

In the next step 127, the difference AIP between the
maximum value and the minimum value of the detection signal
S2 (illuminance) is determined as the uneven illuminance at
the respective positions u of the lens system 4B. The
magnitude of the illuminance (average value) IP on the
image plane is indirectly determined from the detection
signal S1 of the integrator sensor 20. The calculating
section in the exposure control unit 21 allows the
reciprocal (1/AIP) of the uneven illuminance AIP and the

image plane illuminance IP to correspond to the respective
positions u of the lens system 4B. Fig. 7 shows a diagram

obtained by plotting the image plane illuminance IP and the
reciprocal (1/AIP) of the uneven illuminance with respect

to the position u for the purpose of better understanding.
In Fig. 7, the horizontal axis represents the position

u of the lens system 4B, and the vertical axis represents

the image plane illuminance IP and the reciprocal (1/AIP)

of the uneven illuminance AIP. A curve 59 indicates the

image plane illuminance IP, and a curve 60 indicates the
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case, when the image plane illuminance IP is increased,
then the reciprocal (1/AIP) of the uneven illuminance is

decreased, and the uneven illuminance is increased.
Therefore, it is understood that the image plane
illuminance and the uneven illuminance are in the
relationship of trade-off. BAccordingly, in this
embodiment, the range 61 of the position u (ul s u s u2),
in which the image plane illuminance is not less than the
allowable value TL1 (position u2) and the reciprocal of the
uneven illuminance is not less than the allowable value TL2
(position ul), is determined as the settable range for the
lens system 4B, and the range 61 is supplied to the main
control system 22.

In the next step 128, the main control systém 22 shown
in Fig. 1 sets the position u of the lens system 4B shown
in Fig. 6A to be within the settable range 61 by the aid of
the driving system 26. Accordingly, a high image plane
illuminance is obtained to successfully improve the
throughput of the exposure step. Further, the uneven
illuminance is decreased, and it is possible to obtain a
high image formation accuracy.

If any fine and random uneven illuminance is measured
on the image plane, when the optical element for the

modified illumination is shifted in the optical axis
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dissolved in some cases. As described above, the various
characteristics of the illumination optical system are
changed by driving the arbitrary optical member of the
illumination optical system. However, when they are
selected at the stage of design, and the optimum driving
unit is incorporated into the automatic adjustment
sequence, then it is possible to further improve the
chasing accuracy for the uneven illuminance and the
illumination telecentricity.

In the embodiment described above, both of the uneven
illuminance and the collapse amount of the telecentricity
are measured (detected). However, only any one of them may
be measured. Further, as for the collapse amount of £he
telecentricity, the inclination component is divided into
those in the X direction and the Y direction to perform the
measurement. However, any one of them may be sufficient in
some cases. In the embodiment described above, the uneven
illuminance in the non-scanning direction is detected in
the scanning exposure apparatus. However, in the case of
the static exposure system, it is preferable that the
uneven illuminance is detected in the X directicn and the Y
direction respectively to perform the correction therefor.

In Fig. 6A, the light amount distribution-converting

element 55 is arranged in the optical path of the exposure

light beam while being exchanged with the first fly's eye
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example, the light amount distribution-converting element
55 may be arranged between the exposure light source 1 and
the optical integrator (first fly's eye lens 6 in this
embodiment). 1In this case, the light amount distribution-
converting element 55 may be exchanged with another element
for generating a different light amount distribution,
depending on the change of the illumination condition.
Further, also in the illustrative arrangement shown in Fig.
6A, the light amount distribution-converting element 55 may

be exchanged for those for the zonal illumination and the

four-spot illumination.

Third Embodiment

This embodiment is illustrative of a case in which-a
filter (member) of the present invention is used. Fig. 11
shows a schematic arrangement of a scanning exposure type
projection exposure apparatus based on the step-and-scan
system of this embodiment. This exposure apparatus has
substantially the same structure as that of the exposure
apparatus according to the first embodiment except that a
concentration filter plate 51 corresponding to & planer
area with a variable transmittance distribution is
provided, the driving system for the fly's eye lens 9 is
not provided, and the structure of the driving system 25 is

different from that in the first embodiment.
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The concentration filter plate 51 is provided in the
illumination optical system ISL. More specifically, the
concentration filter plate 51 is arranged at the plane
which is further defocused by a predetermined amount from
the fixed blind 14A, i.e., at the plane which is slightly
defocused from the conjugate plane with respect to the
reticle plane. When the concentration filter plate 51 is
arranged at the plane which is slightly defocused from the
conjugate plane with respect to the reticle plane, any
image of foreign matters such as dust or the like adhered
to the concentration filter plate 51 can be prevented from
transfer onto the wafer W. Alternatively, the image of the
concentration filter plate 51 or the foreign matter may be
made to be ambiguous in the illumination area 35, i.e., thé
decrease in illuminance uniformity and consequently the
decrease in uniformity of the exposure amount distribution
on the wafer W may be avoided, for example, by driving an
optical element (for example, at least one of the lens
systems 16 to 18 or an unillustrated diffusion plate)
arranged between the concentration filter plate 51 and the
reticle in place of or in combination of the arrangement of
the concentration filter plate 51 at the defocused plane.

The concentration filter plate 51 may be arranged at
the plane which is close to the light-outgoing side of the

movable blind 14, not on the light-incoming side of the

fixed blind 14A. Alternatively, for example, the fixed
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the pattern plane (reticle plane) of the reticle 28, for
example, at the plane close to the upper surface of the
reticle 28. The concentration filter plate 51 may be
arranged at the plane which is defocused by a predetermined
spacing distance on the input side of the movable blind 14B
shown in Fig. 11. Accordingly, the concentration filter
plate 51 can be easily arranged.

Alternatively, the concentration filter plate 51 may
be arranged at the plane which is separated from another
conjugate plane with respect to the image plane (i.e., the
conjugate plane with respect to the reticle plane) which is
different from the plane (conjugate plane with respect to
the image plane) at which the movable blind 14B is arranged
in the illumination optical system ILS. For example, in
Fig. 11, the concentration filter plate 51 may be arranged
at the plane in the vicinity of the pattern plane of the
reticle 28, for example, at the plane separated by a
predetermined spacing distance from the upper surface or
the lower surface of the reticle 28, in a state in which
the fixed blind 14A is arranged in the vicinity of the
movable blind 14B. Further, when the projection optical
system PL forms an intermediate image at the inside, the
concentration filter plate 51 may be arranged at the plane

separated from the plane of the formation of the

intermediate image. Further, as for the movable blind 14B,
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an arrangement is also available, in which the movable
blind 14B is arranged, for example, closely to the reticle
plane.

Driving units 24, 25, 52 are installed to the lens
systems 12, 13 and the concentration filter plate 51 of
this embodiment respectively. Fig. 12 shows a perspective
view illustrating the relationship between the illumination
area 35 and the optical system ranging from the second
fly's eye lens 9 to the fixed blind 14A shown in Fig. 11.
In Fig. 12, the scanning direction SD (Y direction) of the
reticle with respect to the illumination area 35, and the
direction on the fixed blind 14A corresponding to the non-
scanning direction (X direction) are designated as the Y
direction and the X direction respectively. Only the slit-
shaped opening of the fixed blind 14A (fixed field
diaphragm) is illustrated in the drawing.

In this arrangement, the driving unit 24 adjusts the
position of the first lens system 12 in the direction of
the optical axis IAX. The driving unit 25 shown in Fig. 11
is different from that in the first embodiment, which is
constructed by a driving unit 25R shown in Fig. 12. The
driving unit 25R adjusts the tilt angle (angle of
inclination) about the axis which passes through the
optical axis IAX of the second lens system 13 and which is

parallel to the Y axis, i.e., the tilt angle in the

direction corresponding to the non-scanning direction of
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the illumination area 35. Reference may be made to the
arrow TX shown in Fig. 12. Further, the driving unit 52
shown in Fig. 11 includes a gear section 52G which is
installed to the periphery of the disk-shaped concentration
filter plate 51 shown in Fig. 12 by the aid of an
unillustrated ring-shaped holder, and a driving section 52W
which includes a gear and a motor for driving and rotating

the gear section 52G. The arrangement is made such that
the concentration filter plate 51 is rotatable by a desired
angle 0 within a range of 90° about the center of the
optical axis IAX by the aid of the driving unit 52.

Those usable as the driving units 24, 25R include, for
example, a driving unit for displacing the holder of the
optical element as the driving objective with a driving
element such as a micrometer based on the electric system
and a piezoelectric element. In this arrangement, an
encoder (for example, a rotary encoder) (not shown), which
indicates the displacement amount of the optical element in
the range capable of driving (driving stroke), is
incorporated into each of the driving units 24, 25R and the
driving section 52W. Detection signals of the encoders are
supplied to the driving system 26 shown in Fig. 11. The
driving system 26 controls the states of the lens systems
12, 13 and the concentration filter plate 51 by the aid of
the driving units 24, 25, 52 on the basis of the detection

signals and the driving information supplied from the main
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In this arrangement, as having been explained in the
first embodiment, the centro-symmetrical unevenness
(quadratic function-like unevenness), which is the uneven
illuminance axially symmetrical in relation to the optical
axis, is corrected by driving the first lens system 12 in
the optical axis direction. The inclination unevenness
(linear function-like unevenness), which is the uneven
illuminance with the illuminance gradually increasing or
decreasing in the area intersecting the optical axis, is
corrected by controlling the tilt angle of the second lens
system 13. The angle of rotation of the concentration
filter plate 51 is controlled in order that the uniformity
of the exposure amount distribution on the wafer W is
finally included in a predetermined allowable range (as
described in detail later on). In this embodiment, the
centro-symmetrical unevenness can be substantially
corrected by controlling the angle of rotation of the
concentration filter plate 51. Therefore, the driving unit
24 for the first lens system 12 may be omitted.
Accordingly, it is possible to simplify the mechanism of
the illumination optical system.
An uneven illuminance sensor 42, which serves as the

exposure amount distribution-measuring unit, is installed

in the vicinity of the wafer holder 38 on the wafer stage

39 of this embodiment. As shown in Fig. 13A, the uneven
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illuminance sensor 42 is provided with a first sensor which
is composed of a photoelectric sensor having a pin hole-
shaped light-receiving section 42a, and a line sensor 42b
(second sensor) which has one array of photoelectric
conversion elements (picture elements or image pixels)
arranged in a slender configuration in the scanning
direction SD (Y direction). The photoelectric conversion
signal of any one of the first sensor and the second sensor
is supplied as the detection signal S4 to the exposure
control unit 21 shown in Fig. 11 in accordance with the
control information supplied from the main control system
22.

With reference to Fig. 13A, the length of the line
sensor 42b in the scanning direction SD is set to be wider
than the width of the exposure area 35P in the scanning
direction SD. When the uneven illuminance in the non-
scanning direction (X direction) in the exposure area 35P
is measured, the wafer stage 39 shown in Fig. 11 is driven
to arrange the line sensor 42b of the uneven illuminance
sensor 42 on the side surface of the exposure area 35P in
the X direction. The photoelectric conversion signal,
which is read by the line sensor 42b, is supplied as the
detection signal S4 to the exposure control unit 21. After
that, the light emission of the exposure light source 1 is
started. The wafer stage 39 is driven to move the line

sensor 42b to a plurality of measuring point arranged at
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the exposure area 35P is traversed. An added-up signal,
which is obtained by adding up the detection signals of the
line sensor 42b in the Y direction, is determined by the
exposure control unit 21 at the respective measuring
points. The added-up signal is supplied to the main
control system 22. Actually, the exposure light beam IL
involves any dispersion of energy to some extent for each
pulse light emission. Therefore, the added-up signal is
normalized with the detection signal S1 of the integrator
sensor 20 shown in Fig. 11. The main control system 22
stores the normalized added-up signal (referred to as "S4"
as well) in the storage unit as corresponding to the
position X of the line sensor 42b in the non-scanning
direction.
Fig. 13B illustrates an example of the added-up signal
S4. 1In Fig. 13B, the horizontal axis represents the
position X of the line sensor 42b in the non-scanning
direction, and the vertical axis represents the added-up
signal S4. The added-up signal S4 is substantially equal
to the exposure amount obtained by adding up the exposure
amounts of the exposure area 35P in the scanning direction
at the respective measuring points in the non-scanning
direction, i.e., the exposure amount (added-up exposure

amount) given to the predetermined point on the wafer by

the scanning exposure. Therefore, the added-up signal S4
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substantially represents the distribution (exposure amount

unevenness) in the non-scanning direction of the exposure
amount (added-up exposure amount) after performing the
scanning exposure for the respective shot areas on the
wafer with the exposure area 35P.

In Fig. 13B, when the added-up signal S4 is flat with
respect to the position X as represented by a straight line
153A, it is indicated that there is no unevenness of the
exposure amount in the non-scanning direction. 1In this
state, it is possible to obtain high uniformity (high
exposure amount accuracy) of the exposure amount
distribution. On the other hand, when the added-up signal
S4 represents a centrally concave distribution in which it
is decreased at a central portion including the optical
axis AX as indicated by a curve 153B, it is understood that
the exposure amount unevenness which is axially symmetrical
in relation to the optical axis, i.e., the axially
symmetrical uneven illuminance (centro-symmetrical
unevenness) appears. In order to correct the unevenness,
for example, the concentration filter plate 51 shown in
Fig. 11 may be used to relatively increase the
transmittance ia the vicinity of the optical axis.

Further, when the added-up signal S4 represents the
inclination unevenness which gradually increases to
traverse the optical axis AX as indicated by a straight

line 153C, for example, the tilt angle of the second lens
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correct the unevenness. In this embodiment, the unevenness
of the exposure amount in the non-scanning direction after
the scanning exposure, i.e., the uneven illuminance in the
non-scanning direction can be easily measured by using the
line sensor 42b as described above. Further, the uneven
illuminance in the X direction and Y direction in the
exposure area 35P can be also measured by moving the pin
hole-shaped light-receiving section 42a shown in Fig. 13A
to the plurality of measuring points installed two-
dimensionally in the exposure area 35P to measure the
illuminances respectively. Further, the exposure amount
distribution (exposure amount unevenness) concerning the
non-scanning direction can be also obtained in the same
manner as in the light-receiving section 42a described
above by adding up the illuminances at the respective
measuring points concerning the scanning direction (Y
direction) at the respective positions in the non-scanning
direction (X direction) in the exposure area 35P to
determine the added-up light amount (exposure amount) of
the exposure light beam IL. In this procedure, the
illuminance may be .ieasured at the respective measuring
points while stepping the light-receiving section 42a in
the scanning direction at the respective positions in the

non-scanning direction. However, it is preferable that the

light-receiving section 42a is relatively moved in the
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scanning direction with respect to the exposure area 35P at
the respective positions in the non-scanning direction, and
the oscillation (oscillation frequency and pulse energy) of
the exposure light source 1 and the movement velocity of
the wafer stage 39 are controlled under the same condition
as that of the scanning exposure for the wafer W.
Accordingly, the exposure light beam IL, which as the same
number of pulses as that during the scanning exposure, is
radiated onto the light-receiving section 42a during the
period in which the light-receiving section 42a traverses
the exposure area 35P. The added-up light amount (exposure
amount) of the exposure light beam IL can be correctly
measured at the respective positions in the non-scanning
direction. Therefore, although the uneven illuminance
sensor 42 has the light-receiving sections 42a, 42b in this
embodiment, the uneven illuminance sensor 42 may be
provided with only one of the light-receiving sections 42a,
42b. As for the light-receiving section 42b described
above, the number of the light-receiving elements (arrays)
arranged in the exposure area 35P when the added-up light
amount (exposure amount) of the exposure light beam IL is
measured at the respcctive positions in the non-scanning
direction may be the same as the number of the pulses
radiated onto the respective points on the wafer when the
scanning exposure is performed. In this case, for example,

it is preferable that the same number of the exposure light
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beams IL as those used during the scanning exposure are
radiated, and the outputs of the light-receiving elements
different for each of the pulses are added up to determine
the added-up light amount.
The exposure light beam IL of this embodiment is a
substantially vacuum ultraviolet ray (VUV) having a
wavelength of not more than 200 nm. The light beam is
greatly absorbed by light-absorbing substances such as
steam and carbon dioxide. The absorption by oxygen is
gradually increased. Accordingly, the purge gas, which is
a gas from which such light-absorbing substances are
removed, and organic matters and fine dust or the like are
removed by using, for example, a chemical filter or an HEPA
filter (high efficiency partiéulate air-filter), is
supplied to the optical path for the exposure light beam IL
ranging from the exposure light source 1 to the wafer W
shown in Fig. 11. Those usable as the purge gas include,
for example, dry air, nitrogen gas, and helium gas.
Even when the purge gas, from which organic matters or
the like are highly removed as described above, is used, a
minute amount of remaining organic matters or the like
cause the chemical reaction with the exposure light beam
IL. Cloudy substances gradually adhere to the surfaces of
the respective optical elements in the illumination optical
system ILS and the projection optical system PL. As a

result, the transmittance distribution is changed, and any
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106777779: k€ad@ed by the cloudy substance tends to form the centro-
symmetrical unevenness (quadratic function-like unevenness)
which is axially symmetrical in relation to the optical
axis AX (coincident with the exposure center in this
embodiment). Especially, there is such a tendency that the
uneven illuminance, in which the illuminance is lowered at
the central portion in the vicinity of the optical axis AX
(hereinafter referred to as "centrally concave
unevenness"), is caused. Accordingly, in this embodiment,
the centro-symmetrical unevenness (especially the centrally
concave unevenness), which is principally caused in the
time-depending manner as described above, is corrected by
using the rotatable concentration-filter plate 51 shown in
Fig. 11.
Explanation will be made in detail below for an
example of the arrangement and the method of the use of the
rotatable concentration filter plate 51. Fig. 14A shows
the arrangement of the concentration filter plate 51 shown
in Fig. 11 (or Fig. 12) in the initial state. With
reference to Fig. 14A, the concentration filter plate 51 is
provided with a predetermined light-shielding substance or
a dimming substance such as metal (for example, chromium)

which is deposited, for example, by means of vapor

deposition on a first surface of a flat disk-shaped glass
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substrate which transmits the exposure light beam so that a
predetermined one-dimensional transmittance distribution
T(X) is obtained axially symmetrically in relation to the
optical axis IAX. In Fig. 14A, the portion having the
denser black color is deposited with a larger amount of the
substance, and the transmittance is lowered at the portion
in accordance therewith.
In Fig. 14A, the direction of the concentration filter
plate 51 to have the transmittance distribution is set to
be in the Y direction (scanning direction) with respect to
the fixed blind 14A (represented by the slit-shaped opening
as in the same manner in the followings). The

transmittance T(Y) in the Y direction is represented as
follows by using a coefficient a.

T(Y) = 1/(a*¥’ + 1) ' «+.(27)

This function is determined to offset the quadratic
function-like unevenness, resulting from the faét that the
centro-symmetrical unevenness ordinary forms the quadratic
function-like unevenness. This function is determined in
various ways depending on the (expected) amount of
generation of the actual centro-symmetrical unevenness.
The coefficient a in the expression (2A) is a parameter to
determine the maximum correction amount of the
concentration filter plate 51. Assuming that R represents
the radius of the concentration filter plate 51 and D

represents the maximum correction amrount for the
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transmittance at the outermost periphery of the
concentration filter plate 51, the coefficient a is
represented as follows. The maximum correction amount D
is, for example, 0.1 (10 %).
a =D/{(1 - D)R*} ...{(2B)
In this embodiment, it is assumed that the uneven
illuminance, which is caused by the cloudy substance
gradually adhered to the optical element in the optical
system, is successfully corrected by one sheet of the
concentration filter plate 51, even when the projection
exposure apparatus shown in Fig. 11 is operated in the
actual exposure step for not less than about two years. If
the degree of the centro-symmetrical unevenness in the
exposure area 35P, especially the centrally concave
unevenness, which is caused after using the projection
exposure apparatus for two years, is about 10 % in range,
the value of the coefficient a in the expression (2B) is as
follows.
a = 0.1/(0.9°R%) ... (2C)

As shown in Figs. 14A to 14C, the concentration filter

plate 51 is rotatable by an arbitrary angle 6 within a

range of 90° about the center of the optical axis IAX.

Fig. 14A shows a state in which the concentration

filter plate 51 is not rotated, i.e., the angle 6 is 0°.

In this state, the average transmittance T(X) in the non-
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scanning direction (X direction) in the opening of the
fixed blind 14A is flat as indicated by a straight line
154A. The function to adjust the uneven illuminance in the
non-scanning direction is not operated. 1In the following
drawings, it is assumed that the X coordinate at the
optical axis IAX is 0. The transmittance distribution is
high at the central portion with respect to the scanning
direction (Y direction). The uneven illuminance caused
thereby is averaged by means of the scanning exposure.

On the other hand, Fig. 14C illustrates a case in
which the concentration filter plate 51 is rotated by 90°,
in order to correct the centrally concave unevenness
extremely advanced by the time-dependent change. In this
case, the transmittance T(X) in the non-scanning direction
is as follows.

T(X) = 1/(a*X* + 1) e (3)

In this case, the difference between the maximum value
and the minimum value is maximized as indicated by a curve
154C for the distribution of the transmittance T(X). The
effect of correcting the centrally concave unevenness by
the concentration filter plate 51 is maximized. The value
T' of the minimum value of the curve 154C is 0.9 (90 %)
according to the expression (2B).

Fig. 14B shows a state in which the concentration

filter plate 51 is rotated by 45° (68 = 45°). 1In this case,
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the transmittance T (X, Y, 0) corresponding to each of the

points in the opening of the fixed blind 14A (corresponding
to the exposure area 35P on the wafer) is as follows.

T (X, ¥, 8) = 1/{a(Xsinb® - YcosB)* + 1} ees(4)

The transmittance T(X) in the non-scanning direction,
which is obtained by averaging the transmittance in the Y
direction, is represented by a curve 154B. Accordingly, it
is understood that the correcting is effect is obtained for
the centrally concave unevenness of an intermediate degree
between those of 6 = 90° and 6 = 0°.

As shown in Figs. 14A to 14C, the average
transmittance distribution in the non-scanning direction
can be regulated to have an arbitrary characteristic by
rotating the concentration filter plate 51 to have an
arbitrary angle. It is possible to successively correct
the centrally concave unevenness caused by the variation of
radiation in the time-dependent manner. Further, the
concentration filter plate 51 is a thin flat plate which is
installed in the vicinity of the conjugate plane with

respect to the image plane. Therefore, the uniformity of
the coherence factor (o value) of the illumination optical

system is scarcely affected when the uneven illuminance is

corrected. That is, on condition that the uniformity of
the o value is previously adjusted to be within a

predetermined allowable range in the initial state, the
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uniformity of the o value is not deteriorated even when the

uneven illuminance due to the time-dependent change is
corrected. Thus, it is possible to always obtain high line
width uniformity.

The mechanism for rotating the concentration filter
plate 51 is based on the electric system (automatic control
system). Therefore, for example, the uneven exposure
amount (uneven illuminance) in the non-scanning direction
may be measured as shown in Fig. 13 by using the uneven
illuminance sensor 42 during the periodic maintenance, and
the concentration filter plate 51 can be driven and rotated
at an optimum angle to offset the uneven exposure amount in
situ. Further, the degree of the centrally concave
unevenness may be determined by approximate calculation at
an arbitrary period of elapse time by temporally managing
the projection exposure apparatus for a long period of
time, or managing the total radiation amount. The
concentration filter plate 51 can be also rotated
automatically (in real time) so that the centrally concave
unevenness is corrected.

Further, the correction can be also made for the
difference between a plurality of illumination conditions
concerning the uneven illuminance initially generated. The
concentration filter plate 51 of this embodiment has only
the function to make the centrally concave unevenness to be

flat. However, for example, a fixed concentration filter
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vicinity of the concentration filter plate 51 shown in Fig.
12. The uneven illuminance under all of the illumination
conditions may be made to slight centrally concave
unevenness. The difference may be corrected by rotating
the concentration filter plate 51. Accordingly, it is
possible to suppress the occurrence of the uneven
illuminance even when the illumination condition is
switched between the ordinary illumination and the modified
illumination. The concentration filter plate 51 of this
embodiment can be electrically controlled. Therefore, the
concentration filter plate 51 may be rotated up to an
optimum angle every time when the illumination condition is
switched. Slight illumination loss initially appe;rs in
all cases. However, actually, it is possible to suppress
the illumination loss to be not more than about 5 %.

The concentration filter plate 51 can be produced in

accordance with a variety of production methods as shown in
Fig. 15. In the concentration filter plate 51 shown in
Fig. 15A, the transmittance distribution, which is
continuously changed in the Y direction, is obtained by
vapor-depositing a dimming substance such as chromium (Cr)
on a light-transmissive substrate while continuously
changing the film thickness. The metal such as chromium

behaves as a light-shielding substance in the case of an

ordinary film thickness. However, in this embodiment,
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chromium or the like is used as the dimming substance in a
region of the film thickness in which the light is
transmitted to some extent. In the concentration filter
plate 51G shown in Fig. 15B, a first surface of a substrate
is divided into a plurality of band-shaped areas in the Y
direction, and a dielectric multilayered film is formed in
the band-shaped areas so that predetermined transmittances
are obtained respectively. That is, in the concentration
filter plate 51G, the transmittance distribution is changed
in a stepwise manner in the Y direction. However, the
number of division is increased to be not less than about
10, it is possible to obtain the correcting effect for the
uneven illuminance which is substantially equivalent to
that obtained by the continuously changing transmittagce
distribution.

On the other hand, in the concentration filter plate
51D shown in Fig. 15C, a large number of light-shielding
fine dot patterns composed of, for example, chromium, are
deposited in the Y direction on a substrate in a ratio of
existence so that a predetermined transmittance
distribution (macroscopic concentration distribution) is
obtained as a whole. Even when the concentraticn filter
plate 51D is used, it is possible to correct the uneven
illuminance in the same manner as in the case shown in Fig.

15A. The concentration filter plate 51D is also installed

at the position slightly defocused from the conjugate plane
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with respect to the image plane. Because of the formation
with a random distribution in partial areas respectively,
the dot pattern is not transferred onto the image plane.

The random dot pattern is, for example, a fine circular
pattern having a diameter of about 25 pum. Assuming that

the maximum correction amount for the centrally concave
unevenness is about 10 %, the probability of existence of
the dot pattern at an arbitrary position in the
concentration filter plate 51D is postulated to be included

within a range of about 0 to 15 %.

Fourth Fmbodiment

Next, a forth embodiment of the present invention will
be explained with reference to Figs. 16 and 17. 1In this
embodiment, the centro-symmetrical unevenness can be
corrected even in a static exposure state, not in a state
after performing the scanning exposure. The basic
arrangement of the projection exposure apparatus of this
embodiment is the same as that shown in Fig. 11. However,
this embodiment differs in that two concentration filter
plates, which are rotatable respectively, are installed in
place of the single concentration filter plate 51 shown in
Fig. 11. 1In Fig. 16, components or parts corresponding to
those shown in Fig. 12 are designated by the same reference
numerals, detailed explanation of which will be omitted.

Fig. 16 shows a relationship between the slit-shaped
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illumination area 35 and the optical system ranging from
the fly’'s eye lens 9 to the fixed blind 14A of the
projection exposure apparatus of this embodiment. In Fig.
16, a first concentration filter plate 51A and a second
concentration filter plate 51B are adjacently arranged
rotatably about the optical axis IAX at the position
slightly defocused toward the second lens system 13 from
the plane slightly defocused from the arrangement plane of
the fixed blind 14A, i.e., the conjugate plane with respect
to the reticle plane (conjugate plane with respect to the
image plane). One-dimensional transmittance distribution,
which has the same characteristic as that of the
concentration filter plate 51 shown in Fig. 11 and which is
axially symmetrical in relation to the optical axis, is .
formed on each of the two concentration filter plates 514, -
51B.

The concentration filter plate 51A is driven and
rotated by an angle 6A within a range of 90°
counterclockwise about the center of the optical axis IAX
by the aid of a driving section 52WA and a gear section
52GA installed to the periphery of the first concentration

filter plate 51A. On the other hand, the concentration

filter plate 51B is driven and rotated by an angle 0B

within a range of 90° clockwise about the center of the

optical axis IAX by the aid of a driving section 52WB and a

94



10 U 10 U< 10% U& ()-s 110% U& ()-!& ! 10%JU&' () - @~\ =eZ;
%! 109%&' ()-! 1109%f& ()-"!'10%& ()- 10 h 10 h 10 h<l0% h& ()-!& !10%
& ()-2% ()*G~_@ 10G 109" ()-% 109%& ()-'M10%*& ()-M 10%%' ()- 10 10
10; 109&' ()-c=@A\Bj K& 104| 104|<10%| & ()-9 '10%1& ()-&9 110%| & ()-& & 10%
| & ()- & 10%| & () -
gear section 52GB installed to the periphery of the second
concentration filter plate 51B. Further, in the initial
state of this embodiment, the angles of rotation of the two
concentration filter plates 51A, 51B are set so that the
average transmittance distribution in the non-scanning
direction is flat in the same manner as in the
concentration filter plate 51 shown in Fig. 14A.

When the centro-symmetrical unevenness (especially the
centrally concave unevenness) is corrected, the two
concentration filter plates 51A, 51B are driven by an
identical angle of rotation in opposite phases, i.e., by an
identical angle of rotation in opposite directions.
Accordingly, the transmittance distribution can be
corrected with an axially symmetrical two-dimensional
distribution about the center of the optical axis IAX.
Therefore, it is possible to obtain a uniform illuminance

distribution over the entire surface of the illumination

area 35 (and consequently the exposure area 35P) in the
static state. Further, the uniformity of the o value of
the illumination optical system is not deteriorated.

Fig. 17 shows a state in which the concentration
filter plates 51A, 51B are rotated in the opposite phases
as described above. In Fig. 17A, the concentration filter
plate 51A is rotated counterclockwise by 45° (6A = 45°).

In Fig. 17B, the concentration filter plate 51B is rotated
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clockwise by 45° (6B = 45°). 1In this case, the

transmittance distributions in the opening of the fixed
blind 14A, which are brought about by the concentration
filter plates 51A, 51B, are those shown in Figs. 17B and
17D respectively. Actually, the transmittance distribution
in the opening of the fixed blind 14A is concentric about
the center of the optical axis IAX as shown in Fig. 17E.
That is, the bright and dark areas in Figs. 17B and 17D are
offset to one another. Thus, the ideal centrally
symmetrical secondary transmittance distribution is
obtained in both of the X direction and Y direction without
performing any integration in the scanning direction. When
the ordinary centrally concave unevenness is corrected with
this transmittance distribution, the uneven illuminance in
the static exposure state can be also corrected
simultaneously. The two-dimensional uneven illuminance as
described above can be measured with the sensor having the
pin hole-shaped light-receiving section 42a, of the uneven
illuminance sensor 42 shown in Fig. 13A.

Upon the maintenance for the actual projection
exposure apparatus of the scanning exposure type, a case
also arises, in which the exposure is performed in a static
state without performing the scanning. Therefore, the
correction of the uneven illuminance in the static state
according to this embodiment is effective. The two

concentration filter plates 51A, 51B of this embodiment are
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not limited to the use for the scanning exposure type
exposure apparatus, which can be also adopted in order to
correct the uneven illuminance in the exposure apparatus of
the full field exposure type (static exposure type). That
is, the present invention is also applicable to the

exposure apparatus of the full field exposure type.

Fifth Embodiment

Next, a fifth embodiment of the present invention will
be explained with reference to Figs. 12 and 18. 1In this
embodiment, the present invention is applied to correct the
inclination unevenness (linear function-like unevenness) in
which the illuminance is gradually increased or decreased
so that the optical axis is traversed in the non-scanning
direction. The inclination unevenness is not changed in a
time-dependent manner by the cloudiness of the optical
element of the illumination optical system or the like. It
is unnecessary to provide an extremely wide correction
range as well. However, the inclination unevenness is an
amount to be corrected, for example, upon the start-up
after the assembling and the adjustment of the projection
exposure apparatus.

In the projection exposure apparatus shown in Fig. 11,
the inclination unevenness is corrected by controlling the

tilt angle of the second lens system 13. However, it is

feared that the uniformity of the o value of the
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illumination optical system is deteriorated during this
process. In order to avoid such an inconvenience, in this
embodiment, the concentration filter plate 51 shown in Fig.
12 is exchanged with a concentration filter plate 155 for
correcting the inclination unevenness. The concentration
filter plate 155 for correcting the inclination unevenness
may be arranged closely to the concentration filter plate
51 for correcting the centro-symmetrical unevenness. A
rotary driving unit (52G, 52W) for the concentration filter

plate 155 for correcting the inclination unevenness has

such a function that the concentration filter plate 155 is
rotated by an arbitrary angle 0 within a range of x90°

(180° in range) about the center of .the optical axis IAX.

Fig. 18A shows a positional relationship between the
fixed blind 14A and the concentratién filter plate 155 for
correcting the inclination unevenness in the initial state.
In Fig. 18A, the transmittance distribution T(X) of the
disk-shaped concentration filter plate 155 is set to be a
one-dimensional distribution which is gradually increased
across the optical axis from the end in the -Y direction to
the end in the +Y direction. That is, the transmittance
T(Y) of the concentration filtér plate 155 in the Y
direction is represented by the following expression with a
coefficient b. The origin of the Y coordinate is the
optical axis, and R represents the radius of the

concentration filter plate 155.
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T(Y) = b*Y + (1 - beR) ... (5)

The maximum value of the transmittance is 1 (Y = R),
and the minimum value is (1 - 2b*R) (Y = -R). The maximum

correction amount is 2b*R. The inclination unevenness is

not changed in a time-dependent manner unlike the centro-
symmetrical unevenness. It in enough to provide a slight
correction amount. The coefficient b has an extremely
small value. Accordingly, when the filter plate is not
rotated, the illuminance loss is kept within a slight
ratio. Therefore, the average transmittance T(X) in the
non-scanning direction shown in Fig. 18A is constant at a
value which is slightly lowered from 1 (100 %) as shown by
a straight line 156A. Actually, when the iunevenness of the
exposure amount in the non-scanning direction measured by
using the uneven illuminance sensor 42 shown in Fig. 13 is
the inclination unevenness, the inclination unevenness can
be corrected by rotating the concentration filter plate 155
so that the inclination unevenness is offset.

In this embodiment, the maximum correction amount of

the inclination unevenness is obtained in the case of 0 =

+90°. Fig. 18C is illustrative of a case of 6 = +90°. 1In
this case, the transmittance T(X) in the non-scanning
direction is represented by an expression in which Y is
substituted with -X in the expression (5) as shown by a

straight line 156C (provided that the origin of the
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coordinate X is the optical axis). In this case, for

example, if it is assumed that the inclination unevenness
may be generated in *1 % in maximum at the periphery with

respect to the position in the vicinity of the optical axis
in the optical system of this embodiment, the coefficient b
may be set as follows in order to correct the inclination

unevenness.

b = 0.98/(2°R) e . (6)

i xt] bod i

Next, a sixth embodiment of the present invention will
be explained with reference to Figs. 19 and 20. 1In this
embodiment, the centro-symmetrical unevenness in the static
exposure state is corrected without badly affecting the
uniformity of the o value of the illumination 6ptica1
system by using one concentration filter plate. Also in
this embodiment, the projection exposure apparatus shown in
Figs. 11 and 12 is basically used. However, this
embodiment differs in that a rotatable concentration filter
plate, which has a substantially concentric transmittance
distribution, is used in place of the concentration filter
plate 51 shown in Fig. 12.

Fig. 19A shows the rotatable concentration filter
plate 161 for correcting the centrally concave unevenness

to be used in this embodiment. 1In Fig. 19A, the
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concentration filter plate 161 is formed by deposing a
light-shielding substance or a dimming substance with a
predetermined substantially concentric transmittance
distribution T(r) on a first surface of a light-
transmissive circular thin substrate. The center of the
concentration filter plate 161 is coincident with the
optical axis of the illumination optical system.
Explanation will be made assuming that the y axis extends
in the direction corresponding to the scanning direction
passing through the optical axis, and the x axis extends in
the direction corresponding to the non-scanning direction.

In order to explain the transmittance distribution in

this embodiment, the transmittance T (r, ¢) represented by

the polar coordinate is expressed as follows by

substituting the coefficient a with a function a(¢) of the

angle ¢ and substituting the position Y with the radius r,
in the transmittance T(Y) in the expression (2C). The
coefficient a(¢) is represented as follows assuming that
the maximum correction amount D in the expression (2B) is

the function D(¢) of the angle ¢.
T(r, ¢) = 1/{a(¢)*r? + 1} ees(11)
a(¢) = D(¢)/{(1 - D(¢))R"} ... (12)
In this case, the polar coordinate system (¢, r) can

be converted into the rectangular coordinate system (x, y)
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by using the following expressions of relations.

tan™(y/x) ... (13)

¢

r = (x* + y)? c..(14)

Accordingly, the expression (11) is expressed by the
rectangular coordinate system (x, y) as follows by using
the expressions of relations.

T(x, y) = 1/{a(x, y)*(x* + y*) + 1} «.s(15)

If the coefficient a is determined assuming that "the
angular velocity is constant” for the change of the
transmittance, a(¢) in the expression (12) is represented

as follows.
a(d¢) = ¢*D/{ (/2 ~ ¢*D)R*} ...(16)
The transmittance T(x, y, 0) in the rectangular

coordinate system (x, y), which is obtained after rotating

the concentration filter plate 161 shown in Fig. 19A by the

angle 6, is represented as follows.

T(x,y,0)= 1 -(17)

_llycosﬂ +xsin9|_
|xam0-yﬁn6| .{x2+yz}+1
D

ycosf +xsinf|

bd -1
——tan
2 xcos@ — ysin@

According to the expression (17), it is possible to

determine the transmittance at an arbitrary position (x, ¥)
at an arbitrary angle of rotation 0.

Specifically, Fig. 19B shows the value T of the
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transmittance T(x, y, 0) at the position of the radius r in
the non-scanning direction from the center (optical axis)
when the angle of rotation 6 (rad) is set to have three
types. In Fig. 19B, a flat straight line 162A represents
the transmittance T obtained when the angle of rotation 0
is 0. A curve 162B represents the transmittance T obtained
when the angle of rotation 6 is =n/4 (45°). A curve 162C

represents the transmittance T obtained when the angle of

rotation 0 is =n/2 (90°). The following facts are
appreciated. That is, as the angle of rotation 6

approaches =n/2, the transmittance T at the peripheral
portion decreases in a manner of quadratic function of the
radius r. When the angle of rotation 0 is n/2, then the
amount of decrease of the transmittance at the peripheral
portion with respect to the central portion is the maximum
correction amount D, and the correction amount with respect
to the centrally concave unevenness is maximum.

The concentration filter plate 161 described above is
provided to correct the centrally concave unevenness.
Similarly, it is also possible to produce a concentration
filter plate for correcting the uneven illuminance in which
the illuminance is increased at the position in the
vicinity of the optical axis in a manner of quadratic

function (hereinafter referred to as "centrally convex
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distribution, in which the transmittance distribution of
the concentration filter plate 161 is inverted, may be
possessed. Further, it is also possible to produce a
concentration filter plate capable of correcting both of
the centrally concave unevenness and the centrally convex
unevenness by changing the angle of rotation of one
concentration filter plate.

Fig. 20A shows the concentration filter plate 63 which
is rotatable and which is capable of correcting both of the
centrally concave unevenness and the centrally convex
unevenness. In Fig. 20A, the center of the concentration
filter plate 63 is coincident with the optical axis of the
illumination optical system. Explanation will be made
assuming that the x axis and the y axis extend in the
directions corresponding to the non-scanning direction and
the scanning direction passing through the optical axis
respectively.

Also for the concentration filter plate 63, it is
assumed that the change of the correction amount of the
centrally concave unevenness and the centrally convex
unevenness at an arbitrary angle of rotation is

proportional to the change of angle. It is assumed that M

represents the correction amount for the centrally convex
unevenness, and ¢' represents the angle of rotation upon

the change from the correction for the centrally convex
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unevenness to the correction for the centrally concave

unevenness. On this assumption, the transmittance T(x, vy,

¢') at the coordinate (x, y) when the angle of rotation 0
is ¢', and the transmittance T(xmax, ymax, 0) in which the

angle of rotation 6 is 0 and the coordinate (x, y) is the

maximum value (value at the position most separated from

the optical axis) (xmax, ymax) are as follows respectively.
T(x, vy, ¢') =1 - M ...(181)
T(xmax, ymax, 0) =1 .+.(18B)
When these expressions are used, the maximum

correction amount D(¢), and the maximum correction amount

D(x, y, 6) at the angle of rotation 0 are as follows.

corsoction D(p)= 1 (9-- ) ~(19)
amount 1-2M \ ¢’

M (1 [m_Ichosa+xsin0|

D(x,y,0)=

1-2M | ¢' lxcosB—ysinOI B

1j --(20)
; |

When the maximum correction amount D(x, y, 0) is used,

the transmittance T(x, y, 0) at the angle of rotation 6 in

the expression (17) is as follows.

T(x,,6) =

(-D(x,y,6))- R’

[ D(x, y,9) ](xz+yz)+( 1 )
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According to the expression (21), it is possible to
determine the transmittance at an arbitrary position (x, y)
at an arbitrary angle of rotation 0.

Specifically, Fig. 20B shows the value T(r) of the
transmittance T(x, y, 0) at the position of the radius r in
the non-scanning direction from the center (optical axis)
when the angle of rotation 0 (rad) is set to have three

types. In Fig. 20B, an upwardly directed curve 64A

represents the transmittance T obtained when the angle of

rotation 0 is 0. A flat straight line 64B represents the
transmittance T obtained when the angle of rotation 0 is ¢°'
(0 < ¢' < ®m/2). A downwardly directed curve 64C represents
the transmittance T obtained when the angle of rotation 0
is ®/2 (90°). It is understood that in the range in which

the angle of rotation 0 is smaller than ¢', the

transmittance T is increased in a manner of quadratic
function of the radius r, and thus it is possible to

correct the centrally convex unevenness, while in the range
in which the angle of rotation 6 is larger than ¢', the

transmittance T is decreased in a manner of quadratic
function of the radius r, and thus it is possible to

correct the centrally concave unevenness. Further, when
the angle of rotation 6 is 0, then the amount of increase

of the transmittance at the peripheral portion with respect
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and the correction amount for the centrally convex

unevenness is maximum. When the angle of rotation 6 is

n/2, the correction amount for the centrally concave

unevenness is the maximum correction amount D represented

by the following expression.

M 1
D= (—'——1) -(22)

In the concentration filter plates 161, 63 shown in
Figs. 19 and 20 of this embodiment, the transmittance
distribution is optimized two-dimensionally. Therefore,
they are not limited to the use for the projection exposure
apparatus of the scanning exposure type. They can be also
used for the projection exposure apparatus of the full
field exposure type.

In the embodiment described above, for example, the
concentration filter plates 51, 161, 63 are used as the
filter. 1In place thereof, for example, a transmission type
liquid crystal panel, in which the internal pattern is
controllable, may be used, and the internal pattern
(transmittance distribution) may be electrically
controlled. In the embodiment described above, the
adjustment is performed during the measurement of the
illumination characteristic (at least one of the

illumination telecentricity and the uneven illuminance
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other than the period of the measurement. For example, the
change of the illumination characteristic may be calculated
(for example, by means of simulation), and the illumination
characteristic may be successively adjusted on the basis of
the result of the calculation. Alternatively, the
illumination characteristic may be periodically measured to
perform the adjustment, and the illumination characteristic
may be adjusted by means of the calculation as described
above during the period of the periodic measurement. As
for the uneven illuminance (exposure amount unevenness),
both of the inclination unevenness and the centro-
symmetrical unevenness (concave/convex unevenness) may be
adjusted upon the change of the illumination condition,
i.e., the intensity distribution (especially its shape) of
the exposure light beam IL on the pupil plane of the
illumination optical system. Only the centro-symmetrical
unevenness may be adjusted until the change of the
illumination condition next time.

In the embodiment described above, the illumination
condition-switching system includes all of the aperture
diaphragm plate 10, the optical integrator (first fly's eye
lens) 6, the light amount distribution-converting element

(diffractive optical element) 55, and the switching unit

56. However, the illumination condition-switching system
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the switching unit 56. The switching unit 56 may perform
only the exchange of the plurality of light amount
distribution-converting elements described above. Further,
for example, at least one of a zoom optical system and a
pair of prisms (conical prism (axicon) or quadrangular
pyramid prism) relatively movable in the direction of the
optical axis of the illumination optical system may be
arranged between the exposure light source 1 and the
optical integrator (second fly's eye lens) 9, in
combination of at least one of the aperture diaphragm plate
10 and the switching unit 56, or in place of the aperture
diaphragm plate 10 and the switching unit 56.

In the embodiment described above, the fly's eye lens

6, 9 is used as the optical integrator. However, it is
clear that the present invention is also applicable when an
inner surface reflection type integrator (rod integrator)
is used as the optical integrator. Further, in the
embodiment described above, the illumination optical system
ILS based on the so-called double-fly's eye system, in
which the two-stage fly's eye lens system 6, 9 is employed,
is used. However, the present invention is also applicable
when the illumination optical system is adjusted by using
only the one-stage optical integrator (for example, fly's

eye lens and rod integrator). Further, the diffractive

optical element (DOE) may be used as the optical integrator
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desirable that a plurality of diffractive optical elements
are prepared to exchange them depending on the illumination
condition. For example, when the inner surface reflection
type integrator, in which the light-incoming plane is
arranged at the pupil plane of the illumination optical
system and the light—oﬁtgoing plane is arranged in
conjugation with the pattern plane of the reticle 28, is
used as the optical integrator 9, and the optical unit,
which includes at least one of the plurality of light
amount distribution-converting elements (diffractive
optical elements), the zoom optical system, and the pair of
prisms described above, is arranged between the exposure
light source 1 and the optical integrator 9, then the
incident angle range of the exposure light beam IL coming
into the inner surface reflection type integrator is
changed upon the change of the illumination condition.
When the fly's eye lens is used as the optical integrator
9, a surface light source composed of a plurality of light
source images, i.e., a secondary light source is formed on
the side of the light-outgoing plane. When the inner
surface reflection type integrator is used, a secondary
light source composed of a plurality of virtual images is

formed on the side of the light-incoming plane. Therefore,
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the change of the illumination condition in each of the
embodiments described above is equivalent to the change of
the intensity distribution of the exposure light beam IL on
the pupil plane of the illumination optical system, and the
change of at least one of the size and the shape of the
secondary light source formed on the pupil plane of the
illumination optical system.

In the embodiment described above, the present
invention is applied to the projection exposure apparatus
based on the scanning exposure system. However, the
present invention is also applicable to the projection
exposure apparatus (stepper) based on the step-and-repeat
system (full field exposure system), and the exposure
apparatus based on, for example, the proximity system in
which the projection system is not used. The exposure
light beam (exposure beam) is not limited to the
ultraviolet light as described above. For example, the EUV
light beam in the soft X-ray region (wavelength: 5 to 50
nm) generated from the SOR (Synchrotron Orbital Radiation)
ring or the laser plasma light source may be used. In the
EUV exposure apparatus, each of the illumination optical
system and the projection optical system is constructed by
only a plurality of reflection optical elements. In this
case, the concentration filter 51 may be composed of a

reflecting member.

A semiconductor device can be produced from the wafer

111



10 10G 109%&' ()-! "110% 7 7& ()-""1109%& ()-""!"11098+3+& ()-"!109%& ()- 10

100" "bGb deejH=5 10 10G@ +M 10%5 G & ()-Y O+M 10%&' ()-Y

37110%& ()-19°110% /& ()-9 '10%=% ()- 10G 10Ceeeee j kkkkk~_TI>10 10t
W shown in Fig. 1. The semiconductor device 1is produced by
performing, for example, a step of designing the function
and the performance of the device, a step of producing a
reticle based on the foregoing step, a step of
manufacturing the wafer from a silicon material, a step of
exposing the wafer with a pattern on the reticle by using
the projection exposure apparatus of the embodiment
described above, a step of assembling the device (including
a dicing step, a bonding step, and a packaging step), and
an inspection step.

The way of use of the exposure apparatus is not
limited to the exposure apparatus for producing the
semiconductor element. The present invention is also
widely applicable, for example, to the exposure apparatus
for the liguid crystal display element formed on an angular
glass plate or for the display device such as the plasma
display, and the exposure apparatus for producing various
devices including, for example, the image pickup element
(for example, CCD), the micromachine, and the thin film
magnetic head. Further, the present invention is élso
applicable to the exposure step (exposure apparatus) to be
used when the mask (for example, photomask and reticle)
formed with the mask pattern of various devices is produced
by using the photolithography step.

It should be understood that the present invention is

not limited to the embodiments described above, which
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includes a variety of modifications and improvements of the
embodiments described above conceived by those skilled in
the art within a range not deviated from the scope and the
spirit of the present invention. For example, the shape of
the concentration filter plate is not limited to the
circular configuration, which may be an arbitrary
configuration such as a rectangular configuration. An
arbitrary dimming material may be used as the material for
constructing the concentration filter plate. 1In orxder to
control the transmittance distribution, the concentration
filter plate is not necessarily rotated in the plane. The
concentration filter plate may be rotated or moved three-
_dimensionally. The embodiment described above is
illustrative of the case in which the filter of the present
invention is provided in the vicinity of the plane
conjugate with the exposure plane of the wafer
corresponding to the second obﬁect. However, there is no
limitation thereto. The filter may be provided in the
vicinity of the exposure plane of the wafer corresponding
to the second object, for example, in the space between the
wafer and the projection optical system.
According to the present invention, the illumination
system (illumination optical system) of the exposure
apparatus can be adjusted correctly for a short period of

time. When the characteristic-measuring system for

measuring the illumination characteristic of the
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having a plurality of illumination conditions can be
adjusted automatically.

When the inclination component and the magnification
component of the collapse amount of the telecentric
property of the exposure light beam are measured in a
divided manner as the illumination characteristic, the
adjustment can be correctly performed for a short period of
time by independently adjusting the both.

According to the present invent;on, the transmittance
distribution of the planer area or the flat plate-shaped
filter is controlled. Accordingly, an advantage is
obtained such that the uniformity of the exposure amount
distribution can be improved without substantially
deteriorating the uniformity of the coherence factor of the
exposure light beam. The centro-symmetrical unevenness or
the inclination unevenness can be corrected after the
scanning exposure by using the one filter which is
rotatable and which has the one-dimensional transmittance
distribution.

Further, various types of the centro-~symmetrical
unevenness can be corrected even in the static exposure
state by using the two filter having the one-dimensional
transmittance distribution in combination, or by using the

one filter having the concentric transmittance

distribution. Further, according to the method for
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using the exposure method of the present invention.
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radiating the exposure light beam onto the first
object; and

controlling a transmittance distribution of the
exposure light beam in a planer area traversing an optical
axis of the exposure 1light beam in the vicinity of an
exposure plane of the second object or in the vicinity of a

plane conjugate with the exposure plane.

2. The exposure method according to claim 1, wherein
the transmittance distribution is controlled by a filter
with a predetermined transmittance distribution inserted in
an optical path of the exposure light beam in the vicinity
of the exposure plane of the second object or in the

vicinity of the plane conjugate with the exposure plane.

3. The exposure method according to claim 1, wherein
the transmittance distribution corrects unevenness of an

exposure amount distribution for the second object.

4. The exposure method according to claim 3, wherein
the transmittance distribution is controlled to give a

concentric distribution.

5. The exposure method according to claim 3, wherein
the transmittance distribution 1is controlled to have a
distribution ore-dimensionally in a predetermined

direction.
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6. The exposure method according to claim 5, wherein
the transmittance distribution 1s controlled to have a
combination of one-dimensional distributions in

predetermined directions.

7. The exposure method according to claim 3, wherein
the transmittance distribution is a distribution which
changes one-dimensionally symmetrically about a center of

an optical axis.

8. The exposure method according to claim 3, wherein
the transmittance distribution is a distribution in which
transmittance 1is increased or decreased as being farther

separated from an optical axis.

9. The exposure method according to claim 1,
wherein:

the first object and the second object are
synchronously moved in a scanning direction when the second
object is exposed; and

the transmittance distribution for the exposure light
beam is controlled so that an exposure amount distribution,
which is obtained by adding up an exposure amount of the
exposure light beam for the second object in the scanning

direction, is uniformized.

10. An exposure apparatus for exposing a second
object with an exposure light beam passed through a first
object, the exposure apparatus comprising:

an illumination system which illuminates the first
object with the expcsure light beam; and

at least one filter which is arranged in the wvicinity

of an exposure plane of the secornd object or in the
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vicinity of a plane conjugate with the exposure plane on an
optical path for the exposure light beam up to the second
object and which has a predetermined transmittance

distribution with respect to the exposure light beam.

11. The -exposure apparatus according to claim 10,
wherein:

the illumination system includes at least one optical
integrator for uniformizing an illuminance distribution of
the exposure light beam, and a field diaphragm for defining
an illumination area on the first object of the exposure
light beam from the optical integrator, and the filter is
arranged on a plane in the vicinity of the field diaphragm
or on a plane in the vicinity of an irradiation plane of
the first object; and

the exposure apparatus further comprises a driving

unit which moves the filter to predetermined arrangement.

12. The -exposure apparatus according to claim 10,
wherein the filter has a concentric transmittance

distribution.

13. The exposure apparatus according to claim 10,
wherein the filter has a predetermined transmittance
distribution in a one-dimensional direction symmetrically

with respect to an optical axis.

14. The exposure apparatus according to claim 10,
wherein the filter is composed of first and second filters
which have the same transmittance distribution in a one-
dimensional direction symmetrically with respect to an

optical axis respectively, and the exposure apparatus
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further comprises a driving unit which rotates the first

and second filters in mutually opposite phases.

15. The exposure apparatus according to claim 11,
further comprising:

a stage system which synchronously moves the first
object and the second object in a scanning direction;

an exposure amount distribution-measuring unit which
measures a distribution of added-up value in the scanning
direction of an exposure amount of the exposure light beam
on the second object; and

a control unit which controls the driving unit to
change an angle of rotation of the filter in accordance
with an exposure amount distribution measured by the

distribution-measuring unit.

16. The exposure apparatus according to claim 11,
wherein the filter is a light-transmissive substrate
deposited with metal, which 1is selected depending on the

transmittance distribution.

17. The exposure apparatus according to claim 10,
wherein the exposure light beam has a wavelength of not

more than 200 nm.
18. A method for producing a device, comprising the

step of transferring a device pattern onto a substrate by

the exposure method as defined in claim 1.
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