SPEC! FI CATI ON EXPOSURE APPARATUS 5 TECHNI CAL FI ELD [ 00011 The
present invention relates to an exposure apparatus applied to a

phot ol i t hography, such as to an exposure apparatus for extrenme ultra
violet lithography (EUWL) using aRrPRAPEAIIN wavel ength of 50 nm or

| ess. 10 BACKGROUND ART [0002] An ordinary exposure apparatus is
equi pped with light-quantity sensors for nonitoring fluctuations in
the light quantity of exposure light (see patent docunents 1 and 2,

15 etc.). In particular, inp Sgwgypﬂqy\RAﬂngysten1(Iens
[

adj usting system is disclose ch arranges |1 ght-quantity sensors
on an upstream side and a downstream side of a projection optical
system estimates fluctuation anounts of the characteristics of the
projection _optical system based on the outputs of the light-quantity
sensdrs, TRHAEVIEAL 6%{B the projection optical systemso as to contro
the fluctuation anounts. It is desirable that such 20 an adjusting
system be i ncdoporjated al so in an exposure apparatus for EUVL which
is a next-generation exposure apparatus. Patent Docunent 1: Japanese

Unexam ned Pat-gt ARfdd:CablePfloRURLLEAL itgn aPI_O-epo?Lilr%'u ?;&tf@tﬁ'ﬁ'ﬁlﬂgd to a

Document 2: Japanese Unexam ned Patent Application Publicat’ion

25 hei | |§11-ojtgl§tlllc619r]épﬁy,Ds!u% EgStL(J)RaEn g):(p;)rﬂﬁelawgr[\a%sof\ér extreme ultra violet lithography

(EUVL) using an exposure wavelength of 50 nm or less.
10
BACKGROUND ART
[0002]
An ordinary exposure apparatus is equipped with light-quantity sensors for
monitoring fluctuations in the light quantity of exposure light (see patent documents 1 and 2,
15 etc). In particular, in patent document 1, a system (lens adjusting system) is disclosed
which arranges light-quantity sensors on an upstream side and a downsiream side of a
projection optical system, estimates fluctuation amounts of the characteristics of the
projection optical system based on the ocutputs of the light-quantity sensors, and adjusts the
projection optical system so as to control the fluctuation amounts. It is desirable that such
20 an adjusting system be incorporated also in an exposure apparatus for EUVL which is a
next-generation exposure apparatus.
Patent Document 1: Japanese Unexamined Patent Application Publication No.
Hei9-36018
Patent Document 2: japanese Unexamined Patent Application Publication No.

25 Heill-16816



PROBLEMS TO RESOLVED BY THE | NVENTI ON [0003] 5 However, the
inventors of the present invention have found out that there is a
possibility that the adjusting system does not operate nornmally when
it is applied to an exposure apparatus for EUVL as it is. The reason
is that a special |ight source for EUWL (EUWV |ight source) is used
in an exPESUOSUBHPAITAEUWNVENIIONUVL, a special mrror for reflecting
EW light (reflecting mrror having a multilayered film is used,

and the prigLeMSTd BESOLAIEBY THE WWENROAO considered that it is
difficult to estimate fluctuati on anounts of the characteristics of a

proj ection opt[|06 %]Osystem fromfluctuations in the light quantity of
exposure |ight" ? 04] It is therefore an object of the present
invention to provide an exposure apparatus_ capable of accurately

graspi ng char a¢@wevest the inventeisaf Bies Psenhinyprtichavey fquidh iyl thare is a
15 irradiation heat of light. MEANS FOR SOLVI NG THE PROBLEMS [0005]
First, thessibiitgnhatr theohdjlistingpsyssantdoenwrentdparaté mokmblhewheh lioisi aygplied to an
ci rcunstances peculiar to an exposure apparatus for EUV into

consi der gkddlre Zfhakaklis iy TVRRs EW I1HghEastAYE Bt aRBECISPIRAE SWiftce for EUVL (EUV
wavel engt h corrponents (out-band 1ight) are emtted in"addition to

exposur e,.wavel en onents_(in-ban the Xposur

vaver englHeBHEShin 925@"@\90?4@@@” 46 R E Wb erSiA R K tin 2
conmponents are extra ul traviol et visible lig infrared

li ght, elightfreflpeting mirrpydayiog "amlybvgﬂeddilréHStUéEd ﬁ§€rt|l'e like. ¢ BYhabtasext e be
out-band light. However, 25 the filters nust be inserted on the

upst reantasidencd alsatpioss idh‘ﬁe;!( o estimatepflacteation hmouars o2thentlegiaa@érnisticofof a
the illum nation optical systen). In that case, the filters are

f’ﬁg?s :ddhﬁé{cﬂgfl to'y'ng%]tg%ﬂgl‘rﬂ fg%{nglgg@aﬁéﬁél 2l the lighOGuantighds S48 Nirelight, SO
[0004]
It is therefore an object of the present invention to provide an exposure apparatus
capable of accurately grasping characteristic fluctuations of an optical system caused by
15 irradiation heat of light.
MEANS FOR SOLVING THE PROBLEMS
[0005]
First, the inventors of the present invention took the following circumstances
peculiar to an exposure apparatus for EUV into consideration.
20 [1] From an EUV Ilight source, non-exposure wavelength components
(out-band light) are emitted in addition to exposure wavelength components (in-band light)
(the exposure wavelength components are EUV light, and the non-exposure wavelength
components are extra ultraviolet light, visible light, infrared light, etc.).

[2] It has been also studied to insert filters blocking out-band light. However,

25  the filters must be inserted on the upstream as far as possible (on the upstream than an



[3] A'reflecti ng mrror having a multilayered filmused in many

optical systens for EUVL reflects not only in-band |ight but also

out - band_ |ight. [4] There is a high possihility that the

i ght - qUERITRYPT P&ﬁh%'"ymlwééw PR{IBLHFIEMghin thah gassuthe Hiters|grgiposed to EUV
fluctuates according to the operation status of an EUV |ight source.

[ 0006] | kghtihawingfa relativap targe Gghtapuamtion se that iatdursbility gpesldemadisehat  at
least it is necessary to detect in-band light and out-band |ight

i ndependent |y @p or d@l‘effe@tn?&ﬁ‘h\fr&tﬁvmgg& ﬁﬁjﬁllaﬂegecphﬁ\{ a&dcCini MhyCoptical systems
fluctuations of an optical systemfor EUVL. For this purpose, the

exposure s, of th resent vention, i acterlzed in that
an expos[?((%ag%ﬁea et ﬁ E dnlhqhégj gg‘f‘o Pyt BS"%E@BSed with Iight

em tted froma |light_ source includes a detecting unit detecting

| i ght> quant i t yi4bf ~noessisadiglerorsikilivg tatshe lztampwmlmy r@fwtbn%velengmnband@ght
[ 0007] The detecting unit preferably detects light quantity of

exposur eandho@t-pagi hghtfoepansniccadidge the gbéragion statghdf apuBUM lidht sofirce.

non- exposure wavel ength conponent of the |ight independently.
Furt her nore, ﬁogq t he exposure apparatuses of the present invention
preferably 20 includes a projection optical system arranged between

the light sourgce and object to be osed, . a a a]g sfing unit

adj usting the Bré a%ef e kS S aae oA gl e estol t HaggFbaly to

det ecti ng unit. [0008] Furthernore the cPr oj ection optical system

pr ef er abfistertnin-haed light| aad rousrhangi lighir independenilyain josgert torascymtely grasp

subjects of to be adjusted by the adj ustl ng unit is preferably a

posi kG oncledfra@eridtie fluctuations of @n dpticat tyserm ferBAddi cul ar to an opti cal

axis. Furthermore, the projection optical systempreferably includes

at |east one NP purpose, the exposure apparatus of the present invention is characterized in
that an exposure apparatus exposing an object to be exposed with light emitted from a light
source includes a detecting unit detecting light quantity of non-exposure wavelength
component of the light.

15 [0007]

The detecting unit preferably detects light quantity of exposure wavelength
component of the light and light quantity of non-exposure wavelength component of the
light independently.

Furthermore, any of the exposure apparatuses of the present invention preferably

20 includes a projection optical system arranged between the light source and the object to be
exposed, and an adjusting unit adjusting the projection optical system based on an output of
the detecting unit.

[0008]

Furthermore, the projection optical system preferably includes at least one mirror,

25  and at least one of subjects of to be adjusted by the adjusting unit is preferably a position of



ahd at'|east one of subjects to be adjusted by the adjusting unit is
preferably an attitude of the mrror. 5 Furthernore, the projection
optical systempreferably projects a pattern of a mask arranged on

the | i ghthedsiiioxdn adijactinn Rerpefidigiardeanapticdl a¥isposed, and at | east one
of subjects to be adjusted by the adjusting unit is preferably a

rel ati ve posi tkuwthelabreedine prrgeatinglopsinal tyktem phifaablytinclbdeseatdesst abne mirror,
[00091 10 Furthernore, the projection optical system preferably

Proj ect sa Aakds€bRe Of suBjodBS6 beRlHIRRARS) tAB alifiStind G isPPére FBISdriRtARAERF the
the object to be exposed, and at | east one of subjects to be

adj ust ed q¥0;he adjusting unit is preferably an attitude of at | east
one of tME Mask and the obj ect to be exposed. Furthernore, the
detecting unit_preferably detects |ight quantity of exposure 15
wavel’engt h conptHermoess t%/%erqﬁrf@lﬁﬂ opiigall sysiem giederably\prelecisenpatigsp ofiagnask
wavel ength conponent of the |ight independently, and the adjusting

uni t pr edrearajekdyondiae dighn stegce {ide omortiie objikt tdiee edjossd,iand,at kstsia@dubjects
contents of the projection optical system based on light quantity of
the expogiliadiasted B{‘ﬂ%efhd%@iﬂﬁ'aﬁﬂtis prefe#iMly 4YaB e posRlontHABVOGNHENRRR YRS the
wavel engt h component, characteristic information of the projection

opti cal sysﬂﬁnnjor t he, 20 exposure wavel ength conponent, and

char act e? 1§t @ Fﬁ?@?ﬂﬁ&ion of the projection optical systemfor the
non- exposure wavel ength conponent. [0010] Furthernore, the detecting
unit preferablP0PRk] udes at least two of the detecting units, which
are a first detecting unit whose detecting object is the light before
passliing t he 25Fytieyeote, oie pptjiediah opyisilesysteandreferably giidjedrtepittarg ofii hask
whose detecting object is the light 4 after passing the projection

optical sysidemorthd IiGhEsAMEL/SH4 BRoURE bbRIE{FEABIPHsEQ dn@%k Feast one of subjects
characteristic information of the projection optical systemfor the

exposur etov\l?eveei\clljﬁ&ga r]!Jy the adjusting unit is preferably an attitude of at least one of the mask and

the object to be exposed.
Furthermore, the detecting unit preferably detects light quantity of exposure
15  wavelength component of the light and light quantity of non-exposure wavelength
component of the light independently, and the adjusting unit preferably determines, to carry
out the adjusting, adjustment contents of the projection optical system based on light
quantity of the exposure wavelength component, light quantity of the non-exposure
wavelength component, characteristic information of the projection optical system for the
20  exposure wavelength component, and characteristic information of the projection optical
system for the non-exposure wavelength component.
[0010]
Furthermore, the detecting unit preferably includes at least two of the detecting units,
which are a first detecting unit whose detecting object is the light before passing the

25  projection optical system, and a second detecting unit whose detecting object is the light



dbnpoﬁent based on light quantity of the exposure wavel ength

conponent detected by the first detecting unit and |light quantity of

t he exposure wavel ength conponent detected by the 5 second detecting

uni t, an¥f¥hBRssidefhs Prajestionopplical sxstem tand %;Lleof‘@lé"é‘i‘% ugBt Prefgraldly sgagracts
for the non- exposure wavel engt h conponent based on |ight quantity of

t he non- ehqradenigic inkrelatingtdi henpojeetion dettiealt sdtdny fohehs ezposiire wavelength
detecting unit and light quantity of the non-exposure wavel ength

conponentoRpsmt Bdsdyort f?%tscﬁfaﬂﬂﬂr &Qh@@kpmrywa&eiedéiﬂ%&ﬂqpoﬂ&t detected by the

Furthernore, characteristic information of the projection optical

oot i cal " HEhGEPRtg uhFE LR SRR 8L 8100 SRRl PRy Rtz by the

adj ust i ng un|t referably reflects .information about reflectivity of
the obj etqcontd dg custq)ejgléoprﬁocrhaméerﬁaﬁnﬁszr;s@a;mneof\ﬂa%f%%@uon apdispsHERm for the
into the adjustnment contents. 15 Furthernore, any of the exposure
appar at usa@s-eaposihe wawdanth i congnineat baayd f omi tlight quantitwdef shed atodeéxpogure
unit detecting reflectivity of the object to be exposed for the

NON- eXPOR i efe bRl CoRIPBhBnC A8RERE My tHO0dRhd tféiéétmar OB Gind t IRt ARfREE/ Qﬂthe

unit may include a sensor for exposure wavel ength 20 detecting |ight

f h h d
for non BeRPar TR FOmepni IR, Y thekend bR E pocur o

wavel engt h coqponent of the light. Furthernore, the detectlng uni t
may include a O8htbr for specific wavel ength detecting I|ight
quantity of exposure wavel ength conponent or non-exposure wavel ength
25 cldnponent offurtheembregltharaairestic sdsraatiohast tak Iprojasteinesygridak sydedra girefacably
l'ight quantity of all 5 i wavel ength conponents of the |ight.
includes each of absorption coefficients of optical members in the projection optical system.
Furthermore, the adjusting unit preferably reflects information about reflectivity of
the object to be exposed for the non-exposure wavelength component into the adjustment
contents.

15 Furthermore, any of the exposure apparatuses of the present invention may further
include a detecting unit detecting reflectivity of the object to be exposed for the
non-exposure wavelength component.

[0012]
Furthermore, the detecting unit may include a sensor for exposure wavelength

20  detecting light quantity of exposure wavelength component of the light, and a sensor for
non-exposure wavelength detecting light quantity of non-exposure wavelength component
of the light.

Furthermore, the detecting unit may include a sensor for specific wavelength

detecting light quantity of exposure wavelength component or non-exposure wavelength

25 component of the light, and a sensor for all wavelengths detecting light quantity of all



[0013]' Furthernore, the detecting unit may include a sensor for al
wavel engt hs capable of detecting light quantity of all wavel ength
conponents of the light, and a SMAtChlng unit 5 swi tching wavel ength
of inci d\é’ﬁ‘fel?rfgéhfmﬁﬁo'ﬁ%s gkthedight-or al | wavel engt hs between at | east
two of exposure wavel ength, non-exposure wavel ength, and al

wavel engt hs. HOO@Bernore, the |light source may be an EUV |i ght

source. EFFECT OF THEI NV ENT I ON 10 [0014] According to the

present invent fQtherBreS XROSME&IRPRAM ﬁlrafﬁ'lcﬁﬁ@a@*e@ls&f ARG WadliBhdths capable of
graspi ng characteristic fluctuatlons of an optical system caused by

DR NocH RG] ghany of 31 RIRRBRE comRe Rl & Fﬁﬁ%@ﬁ&ﬂ?ﬁ?&wﬁw unit

projection exposure apparatus of the first embodinent; Fig

i |1 usk r apwisching wayelsnathpbinsidenigight gnahe pensos Ersdmavelzngihg bryveeem@t least two
arranged; 20 Figs. 3(a) and 3(b) illustrate the configurations and

det ect abbkexymsalcangyRnbandsnodxpobinghiavalsagth, tiyd akbnaodlengtis.and 13;

Fig. 4 is a flowchart of the operation of a controlling part 9

regarding a m IEJrPr{erm@FH W g sB¥Rk Gy Bd Q’?EU\?ﬁg})t sbghc%( c) illustrate
step S2; 25 Fig. 6 lustrates step S3; ows an exanpl e

havi ng two or nore Ilght quantity sensors 12 and 13; Fig. 8is a
schemati c configuration di agram of a projection exposure apparatus of

a second enbodi ment
EFFECT OF THE INVENTION

10 [0014]
According to the present invention, an exposure apparatus capable of accurately
grasping charactetristic fluctuations of an optical system caused by irradiation heat of light is

realized.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0015]
Fig. 1 is a schematic configuration diagram of a projection exposure apparatus of the
first embodiment;
Fig. 2 illustrates in detail where light-quantity sensors 12 and 13 are arranged;
20 Figs. 3(a) and 3(b) illustrate the configurations and detectable wavelength bands of
light—-quantity sensors 12 and 13;
Fig. 4 is a flow chart of the operation of a controlling part 9 regarding a mirror
adjusting system;
Figs. 5(a) to 5(c) illustrate step $2;

25 Fig. 6 illustrates step S3;



Flg. 9 illustrates a variation of a sensor part; 5 Fig. 10

illustrates another variation of a sensor part; Fig. 1 1 illustrates
still another variation of a sensor part; Fig. 12 illustrates the
degree of fredden drowstanpamtle having P enmets Fatvitquantipssensars A2 anddl 3;
13(B) illustrate a method of determ ning adjusting amounts of the

third enbodi nefig.; 8 aredsch@mhatigsonfigir&)joradidgihd( &) a ptdjetsion axposuraappadusfof a
cal cul ati ng heat-absorpti on anounts of a fourth enbodi nent. BEST

MODE  FOR AR hNGdfhéht,THE | NVENTION  [0016] 15 [First Enbodi ment] The
first enbodi ment of the present invention will be described bel ow

wth reference. to.Figs. 2, 3, 4 5 6, and 7. This enbodinment is
an enbodi ment eFd?' i‘“ﬂf%%&%?i"?)"ﬁatl:?)?poﬁsﬁﬂegs‘)% ratus for EWL. First,
the configuration of the projection exposure apparatus will be

descri bed. 20 gl ilustsates aratberariation af a gensar Pol: di agram of the

proj ection exposure apparatus. As shown in Fig. 1, in the projection

exposur e apparFkig.usl illastrates sli aidthe vappad mblssehsoppart;l Nt egr at or  of
reflecting type 3, a condenser mrror 4, an optical path bending

mrror M a rlﬁ&.i \Cj Austatb &t e%ﬁkgol{ﬁ’&‘aoﬁr ofast%g%tsiogla\?\g?ttj r@g'f;)omerﬁ'

proj ection optical systemo cting type er 7/, a wafer

stage W5, a mLror j ust i pechanism §, light-quantity sensors 12

o 55 13, "ot o541k LA MR R Mattiogt Pt f Ay PR Sl of the
connected with a controlling part 9 7 consisting of a circuit, a
conput erthirdtegnbotligseniefed ence nunmeral 100 in Fig. 1 denotes a vacuum
chanber for keeping all of the optical paths of the projection

expasur e apparmgsid4(A) add 148} luBtrafeQOhéthod of calculating heat-absorption amounts of a

fourth embodiment.

BES T MODE FOR CARRYING OUT THE INVENTION

[0016]

15 [First Embodiment]

The first embodiment of the present invention will be described below with reference
to Figs.1, 2, 3,4, 5, 6, and 7. This embodiment is an embodiment of a projection exposure
apparatus for EUVL.

First, the configuration of the prejection exposure apparatus will be described.

20 Fig. 1 is a schematic configuration diagram of the projection exposure apparatus.
As shown in Fig. 1, in the projection exposure apparatus, an irradiating apparatus 1, an
integrator of reflecting type 3, a condenser mirror 4, an optical path bending mirror M, a
reticle of reflecting type 5, a reticle stage MS, a projection optical system of reflecting type 6,
a wafer 7, a wafer stage WS, a mirror adjusting mechanism 8, light-quantity sensors 12 and

25 13, etc. are arranged, and the driving portions of them are connected with a controlling part 9



5 The irradiati ng apparatus 1 is equipped with a |laser plasnma |ight
source la which is a kind of an EUV |light source, and a collimator
mrror le. Fromthe | aser plasma |ight_source 1 a, EUV Light of the
wavel engEsiting e AlicUimiacFPMRUTER - g3&n dThei hrencenaumeial A9AdN| fight dgpotes a
the other wavel engths are emtted. Light emtted fromthe | aser

pl asma | vaghtumsthamber foa kpargsa sll ohthe wtic! peths off thembjpctio & prisurscapplaragys in a
the integrator 3, the condenser mrror 4, and the optical path

bendi ng Wt Min this order, and then illum nates the region to

be illum nated of the reticle 5 evenly. Light reflected by the

region to be moblrlﬁ nated of the reticle 5 enters the projection

optical syste [0018] In the projection optical system®6, a
plurality of mrrors, such as six mrrors M, M, 15 M3, M4, Mp, and
M6 arde arrangethe iffegiating appasatusd ipgayinpediivith glasplplagma light sayrce iggwvhich is a
and M fornms a reduced inmage of the reticle 5 on the wafer 7. The
reduced kindge ah<UY ligbtsmede, andegelirhatar pétroetd fresrmibe iaset plasme fjglnsource

to be illumnated of the reticle 5. By the reduced inmage, a region
to be expoIRfl IRfht Bhﬁlerfaﬁﬁﬁtl'p&f Hﬂ@ nmﬁlléh 75 nsbﬁ'ﬁ%pﬁbgrﬁdand SR181nd Kbt of the
Di stances between the mrrofs , Vb, Mo (positions

in the og&ll cal aXIﬂi drl recE§ @ns of respectl ve m rrors) in the

proj ecti Yeé%ﬂg Sy%teeem an be adjusted by the mrror adjusting
mechani sm 8. An instruction for the adjustnent and adjusting anmounts

(adj usti ng amodatseritte deqra the \aseplapwindighh seiee dptHastss thiqugh the collimator
directions) are given fromthe controlling part 9 to the mrror

adj udt i nonim@cheg thesimtdyratéhBsthetdoadénsae mifrom 41iand tBS optia pathddngingomivfor M in
the projection optical system6 can be adjusted. 8 Here, to each of

the optiga oﬂéﬁﬁmsth'eﬂ ifid\RinRfel tﬁ@tréﬁlan Q&@@ﬁﬂ“rﬁinﬁ%@a&aﬁhﬁﬁ'et@e 5 evenly. Light
characterlstlc for reflecting in-band |'ight (here, EW Iight of the

1 or & Tohefd b i FPlargp og i ffﬁﬁﬂ@ﬁﬁ‘éﬂ?&f&?d%% R proREEa Poicel Setems.

path bending mrror M and each of the mrrors M, M, M, M, M,
and M6 in [0018]

In the projection optical system 6, a plurality of mirrors, such as six mirrors M1, M2,

15 M3, M4, M5, and M6 are arranged. Light reflected by the mirror M1, M2, M3, M4, M5, and
M6 forms a reduced image of the reticle 5 on the wafer 7. The reduced image is a reduced
image of a pattern formed in the region to be illuminated of the reticle 5. By the reduced
image, a region to be exposed on the surface of the wafer 7 is exposed.

[0019]

20 Distances between the mirrors M1, M2, M3, M4, M5, and M6 (positions in the optical
axis directions of respective mirrors) in the projection optical system 6 can be adjusted by the
mirror adjusting mechanism 8. An instruction for the adjustment and adjusting amounts
(adjusting amounts of respective mirrors in the optical axis directions) are given from the
controlling part 9 1o the mirror adjusting mechanism 8. Thus, the image-forming

25  characteristic of the projection optical system 6 can be adjusted.



5 the projection optical system 6, shown in Fig. 1, are direct
incidence type mrrors the light incidence angles of which are |ess
than 45 degrees, so that a nultilayered filmis fornmed on the

refl ecting surbetee tofeaghaf Bl pplicahisystems. inTHhe RIAIEFORY BXRAFUFG |2pPRIGLus, a
formed by stacking two or nore materials of, for exanple, nolybdenum
(M), si thazamer{ssic)for refibbiny inrbdridulight (herd] EUW lidHRMof thsibvadenygtbif d8$, nm) has
and the like. The reflectivity of a mrror on which such a

mul ti | aygdgdadtdf | in%drﬁch&* eed bisthefrﬁurrro‘?:%(ﬁm?nle%teblfh%opﬁ Oie &Fd@ﬁ@k‘hﬁ@r 4,
to 70 @6for i n-band 1ight, and the order of about 80 % for out-

ba
l'i ght. 020 the |ightsquantit nsors 1 .
descr | belf e aptigah i behdiRg it M) 4Rl sath of BER et B sy K. B,y Rad M6 i
l'i ght - quantlty sensors 12 and 13 are in 15 a |um nous fl ux
i | 1'urd natherpyoierton epfieal sysemtthshawndn dighdnaroiised dnddence fimmmiriors the light
detail in Fig. 2. In Fig. 2, the synbol E denotes a region to be
i Il um naineidente iﬁ;ﬁeﬂ’@ﬂwlﬁtba&, lessthah 4G dgnds| so thadanaditkyeretfind$ &srmed on
region of the reticle 5 (the transfer region is a region which is

proj ect efhe r?ﬂ]_;c‘? ink 36 Feadd of t_ﬁg?anrgg} Ofpd ﬂ1ufl)@ %ér%djmrﬁ"ﬁtf@ﬁnﬁbfﬁé(&&@ two

t he whol e t he transfer regi on and 1I's y arger an the
transfer re |on ht antlt sens 1
o oot Ao BT S Tt AR R STied i fusPhBun’ eGP RSdium

illTumnated E and incidents on the oupslde of_the transfer region
E. The | (Rghtsiliponrmxidep, aeh dhe ke 2 The geflegtiviby afng atirrpmor Mhich icheemgftidayered
able to nonitor the light quantity of a |um nous flux going to the

waf er0 7 flini Bdfuimed Bf faxreramply, tHeeordundinabssit 60 wx 70 PORR inilk-bakd lightgand teagrder
and 3(b) illustrate the configurations and detectabl e wavel ength

bands OfofﬁthﬁO@ﬁ%rth@&n&H?Wﬂ'ty sensors 12 and 13. First, as shown
on the left side of the light-quantity sensor 12 has a

wavel engt h- sel@sﬁbpg filter F provided on a photoel ectric conversion
el ement SA. Th

Next, the light—quantity sensors 12 and 13 will be described in detail.
As shown in Fig. 1, arrangement places of the light-quantity sensors 12 and 13 are in
15  aluminous flux illuminating the reticle 5. The arrangement places are shown in detail in Fig.
- 2. InFig. 2, the symbol E' denotes a region to be illuminated of the reticle 5, and the symbol
E denotes a transfer region of the reticle 5 (the transfer region is a region which is projected
onto the wafer 7). The region to be illuminated E' covers the whole of the transfer region E
and is slightly larger than the transfer region E. The light-quantity sensors 12 and 13 are to
20  be arranged in the luminous flux illuminating the region to be illuminated E' and incidents on
the outside of the transfer region E. The light-quantity sensors 12 and 13 arranged in this
place are able to monitor the light quantity of a luminous flux going to the wafer 7 without
influencing the luminous flux.
[0021]

25 Figs. 3(a) and 3(b) illustrate the configurations and detectable wavelength bands of



phot oel ectric conversion el enent SA is a photoel ectric conversion

el ement which consists of a 5 silicon photodi ode, etc., and senses

light of a sufficiently w de wavel ength band. The wavel ength band
sensed bietdightgHanidyiseasars 42 @AVS8r si on el ement SA covers the

wavel ength band (13.5 nn) of in-band |ight and the wavel ength band

of out-band | iRiRt,. asThieownavethe rigit hside be €tg. rBga)f ithd dghi-qusntiadensdr, 11 das a
exanpl e, zirconium silicon, or the like, and has transmttivity

only wi t fafelsififtselelind TREPE bidiided"bh | £ phbReltcht CotveRAH! eldnsiHe-SA.  The
Thus, the 10 lNight-quantity sensor 12 is able to detect the |1 ght
quantity_of in-hand |ight onl The ,detectable band of the . .

I'i ght - quBtPEly<tie ReRersien F'&f“%%?‘“‘ & 2Ah0 %e?ec [4C SRR W e(t?*H"?’ﬂéf" highygggysists of a
El2 in Fig. 3(b). The curve in Fig. 3(b) is an exanple of the

em s$i onsiigasc pheipdister pte.| arsb sensss diahi afi ykuffisienily evide gvavalengtl bgnd.  The
the em ssion spectrumis not necessarily as this curve, and

f1 uct uat @aveha@eh Bamd)sér3ed by thp Phaide®gtrit @huérsivh dldfehtefPetoviatsathigavavelength
| ight source | a. 15 [0022] Furthernore, as shown on the right side

of Fig. ga(rﬁ:p ’(lEst.g'enrkqg%?Ll'ané’tm iIi ¥t ShESHe MVeljeﬁbcthuggﬁi %;ptélﬁgl?ﬂggg%ﬁﬂc The

conver si on el ement avi ng the sane characteristic In

the light-quantity sens . Thus he light-quantity.senso IS

bbi e t o VRt S Bler K isaradegit or sxpm Bl ZBoHim. Sk BT fiikandnd has
the light quantity of in-band light. The detectable 20 band of the

| i ght - qubransmiftivitg e Wit respect o inchamgp light whils hlpgkingi aui-hand lightoolhus, the
E13 in Fig. 3(b). Next, the mrror adjusting systemof the

projiect i ightexmsiuy eerapparatsushiwitb | deoet tHedight RedntiyOsF2idlbartblifitgonlg.  The
is a flowchart of the operation of the controlling part 9 regarding

e e TN AN 1By e 33554 A g
controll ;nnl%g.pg{bs. th(ilarcel.tr\r/ee Pnr E%e t(lSC!s Vgntehx%%plg?#itﬁg e?nri] s.iodrli gééc?r%“ 8P the laser
plasma light source 1a. Actually, the emission spectrum is not necessarily as this curve, and

fluctuates according to the operating status of the laser plasma light source 1a.

15 [0022]

Furthermore, as shown on the right side of Fig. 3(a), the light-quantity sensor 13
includes a photoelectric conversion element SA having the same characteristic as that used in
the light-gquantity sensor 12. Thus, the light-quantity sensor 13 is able to detect the sum of

the light quantity of out-band light and the light quantity of in-band light. The detectable

20  band of the light-quantity sensor 13 is, for example, as shown with the symbol E;z in Fig.

3(b).
Next, the mirror adjusting system of the projection exposure apparatus will be
described.
[0023]
25 Fig. 4 is a flow chart of the operation of the controlling part 9 regarding the mirror

10



bét ween them As shown in Fig. 4, the controlling part 9 refers to

the outputs of the light-quantity 5 sensors 12 and 13 (step Si),

cal cul ates the |ight quantity of in-band |ight and the |ight )

quant i t yadjasting systara 1ln . 4. ribe @earation afibe sireyib pertion st ﬂ‘@a‘PPE’JS‘/%Qrbﬁf the
6, independently, based on the outputs thereof (step S2), determ nes
adj ust i neprapmanpsrtioh dffthe goajrelling @artoPp titecpreseywdantiout medldng any distinction
adj usting anounts in the optical axis directions of the mrrors)

based onpidiRen B¥cul ated light-quantities (step S3), and gives an
instruction for adjustnment and adjusting 10 anmounts (here, adjusting
anmounts in the, optical axi irections of th jrrors) to e mrror. .
S st ng. oo HanPaHTE I A b FSTUPRERRD 2 Bt Tt of M fath lantie
S4). The steps Si to 54 are executed repeatedly during the exposure
peri od. Teveokst bpandl fderss 1ividalculesgihechgbervantity getrappnddipbiand the light
[0024] 15 (Description of Step S2) Now, it is assuned that the |ight
quant i t yq@intinheéurdbandolightiimgd<he @hhe prdjéeRion| dpgiahl-sysirid 6.liideandently, based
and 13 is A and the light quantity of out-band |ight incidents on the

i ght - qugt,d %ugﬁf@%éeé@(sﬁersbgnsztb3diat%rrﬁinfe§t%ﬁﬁmw& 'nﬁbﬂtﬂ_ﬁ,f Phd g)qj@wgﬂn optical

(b). Furthernor the tra tance o e waVel ength-sel ecCtin

filter Fin the light-quantity sengor 12 is.20 represgnted by P, the
senst t i vieger Babie Rk R anodnS R e el iR Bs BE B sl Grecein the
the photoelectric conversion element SAis represented by S, and the
sensi t i vialsulgted fightiaspantitiqsceiepc3si am @ivés an snbyytisnforadiusyaaet andyadiusting
of the photoelectric conversion elenent SAis represented by T.

[00261 2|oltst(here) dd)idtinglaid urty irbehRSopiticdlZaxiSdiredfions of theRrhigror§(ta)xhe mirror
in-band light having a light 11 e i quantity Ais attenuated by the

transm t f §6end mAEhdnien WY IR HhoiS&lorCo Al fystdn?h (FrefR3d).t HHA steps S1 to 54
are executed repeatedly during the exposure period. The steps 52 and 53 will be described
in detail below.

[0024]

15 (Description of Step S2)

Now, it is assumed that the light quantity of in-band light incidents on the
light—quantity sensors 12 and 13 is A and the light quantity of out-band light incidents on the
light-quantity sensors 12 and 13 is B, as shown in Figs.5 (@) and (b). Furthermore, the
transmitiance of the wavelength-selecting filter F in the light-quantity sensor 12 is

20  represented by P, the sensitivity coefficient (conversion efficiency) for in-band light of the
photoelectric conversion element SA is represented by S, and the sensitivity coefficient
(conversion efficiency) for out-band light of the photoelectric conversion element SA is
represented by T.

[0025]

25 In the light-quantity sensor 12, as shown in Fig. 5(a), in—band light having a light

11



ehters'the photoel ectric conversion el enent SA to be converted to an

el ectrical signal by the conversion efficiency S. On the other hand,
out -band Iight having a |ight quantity B incident on the

| i ght - quawantity Adeaderiuaterl bsthe trneatttyicethed thewavelprgth-sedgcting Nfgr F and then
filter F. Thus, the 5 output X of the light-quantity sensor 12 is

gi ven byenfers the hBroXleStrid d2érsionfdlemérarSanioche dcanvehed td ghélecdaatsignal by the
sensor 13, as shown in Fig. 5(b), both of in-band 1light having a

l'i ght qu@d}{vasYorPefﬁaQnM RNtle B{m%amvdu@-gaa@ldlI?gﬂbﬁaﬁ‘r@ml?ﬁﬂhLﬁnﬁf}tbelrnudent

the photoelectric conversion element SA w thout being attenuated at

?L'nverTQ.esf'a”%%b ?@Mﬁ%}%gﬁﬁg ‘qui(efﬂaxghanaﬁ%'eeﬁgtst Fco HUar oY ene

el ectrical gnal y the conver5|on efficiency T. Thus, the output Y
of the PHigHE qﬁﬁmlmw-cs@nﬁmsemsowlgu%ﬁww: XAPKXSS+ B x T.
[0027] Hence, the follow ng equation (1) is derived. 15 [0028] (Eg.
1] APS OA BT]=po38 T] [B] [VY]=[ AS++ Thus, the controlling part 9
calculates the light quantity A of the in-band |ight and the |ight

uantity B of | t t n .y
Lo the 20 |'.“g?ﬁ"e"“a*haeﬁﬁ‘ﬁ‘ye IB) e RGRERL N, s SHo Bty 8t} B 1P ibana

necossar Mo & (ot catibk 2d aulriend; ) Thsfiton g fuaphl B Hler the

characteristics of the |light-quantit ensors 12 and 13 such as "A"
"p, "S'pheipglectric dogversignedement Sthwitbeitheing ptienyssed avall.n Thevarhaad light is
[0029] 12

10  converted to an electrical signal by the conversion efficiency S, and the out-band light is
converted to an electrical signal by the conversion efficiency T. Thus, the output Y of the
light—quantity sensor 13 is given byY =AXS+B XT.

[0027]
Hence, the following equation (1) is derived.
15 [0028]
[Eq. 1]
[XH APS Hps O]M )
Y AS+ BT S T||B
Thus, the controlling part 9 calculates the light quantity A of the in-band light and
the light quantity B of the out-band light independently by applying the output X of the

20  light-quantity sensor 12 and the output Y of the llight—quantity sensor 13 to the following
equation (2). Information necessary for this calculation, that is, information about the
characteristics of the light~quantity sensors 12 and 13 such as "A", "P", "S", and "T" is stored in

the controlling part 9 in advance.

[0029]

12



[Eq. 21 ~,]=[" ]=r SS T ' LYJ (2) Note that the calculated |ight
guantities A and B represent the light quantities of in-band Iight

and out-band |ight which have entered the light-quantity sensors 12

and 13, 5 andEard thus equivalent to the |ight quantities of in-band
l'ight and out-band |ight which will enter the reticle 5. Next, as
shown in Fig. p4¢) | Plheh|th& [refl ection coefficient for in-band |ight

of the reticl — rqpe'?nted’b'@)qR] and the reflection

coefficient fo ut-band | -ght of the reticle 5 1is represented by

HR, thelig nt .t f_in-hand_ Light, ineiden n {he. -

ot of ect i on opt 1o gl seafdied MaRERantely's TR RBBk il iphy quanttes of
light quantity D of out-band |ight incident on the projection

optical Wybtwhlightjandgufehanglight whizhhaye gntered, thy bght-gisngisy sensers 12 and 13,
followi ng equation (3) is derived. [0030] [Eq. 3] 15 ~CCAXR]

D=BxH R] af{cBareThas eq@iivaaitito the aitiquanttidssofGh-Handrighthi] oar-®and light which will
coefficients determ ned for each reticle ([R] represents a function

of a retigkeihe rdlitle 5. the controlling part 9 estimates the |ight

quantity C of in-band light incident on the projection optical

system 6 and the .light quant.it f t-band |i . 1 ncident t

20 bro] ection 5t e Pt FehbeYichaise it e Uy SrsRE bR R giehe of the
quantities A and B to the _above equation (3). [00311 Note that, .

| nf or mat Tedislerpels sepygsentachby Gl andthej rafieqtion coetiigient for optrbgpddightnf thgsgele 5
the characteristic of the reticle 5 such as "@R]" and "HR]" is

st ored i represaaad bpH[RINthepight q8aritity C of in-band light incident on the projection optical

10  system 6 is given by C = A X G[R], and the light quantity D of out-band light incident on the
projection optical system 6 is given by D = B X H[R]. In other words, the following equaticn
(3) is derived.
[0030]

[Eq. 3]

C = AxGJR]
{D:BxH[R]

()
The reflection coefficients G[R] and H[R] are coefficients determined for each reticle
([R] represents a function of a reticle).
Thus, the controlling part 9 estimates the light quantity C of in-band light incident
on the projection optical system 6 and the light quantity D of out-band light incident on the
20  projection optical system 6 independently by applying the light quantities A and B to the
above equation (3).
[0031]

Note that, Information necessary for this estimation, that is, information about the

characteristic of the reticle 5 such as "G[R]" and "H[R]" is stored in the controlling part 9 in

13



13 advance. (Description of Step S3) Now, as shown in Fig. 6, the
heat - absorption coefficient for in-band light of a mrror M in the
projection optical system®6 is represented by E1, and the

heat - abs#t¥3f'ton coefficient 5 for out-band light of the mirror M in
the projection optical system®6 is represented by V;,. However, the
heat - absor pt i dPesuaftionaifStep ) is a heat anobunt (heat-absorption
anount) absorbed by the mrror M due to in-band |ight incident on

the projecti OrN&Dtds%bwﬁ){ﬁF@”B QheWQanaﬁmpﬂ.d.gmefm@ﬁtfé.rtm &Indtliyht of amirror
in-band light is "one", heat - absor pti on coefficient Vi a

e R S A o e

the |ight quantlt of the out - band | i ght ‘one". In this
speci¥ i clorioyk;b anﬁéwthi Qb ﬁurr%rnMawDﬁbﬁtprenectaomPPMl svmr%-s"nepgqﬁfmted by Vi.

quantity of light changed to heat by a mrror"”, and is represented
by | i ght Hewevegy thee heatnalisotptiom oseffitient! Eikie. a h[e@()aﬂl]ouldﬁé{tat—hbsdmpgbﬁ amount)
gquantity of in-band Iight incident on the projection optical system®6

is 15 %bstohﬁ‘echﬁﬁﬁhealbﬁr%rﬁwm l%niHUlSEndV‘l‘igElﬁfm&@&tanrﬂhQrprMect?tﬁ'P&ﬂ%apyystem 6

the in-band light is given b Furt hernore,” when

i ght qua of . out - t ent _qQn_t Q e tio opt.i. .
syat em canen e s S IaEul thagﬂ'f e 2t e hsabrosplay SBegdy v
by the out-band i s given " = D X V. 20 The sum of the

heat - abs® Mgt %mo'éﬂﬁ)(gﬂ%t @hsowt'qrh@nﬁwt? abscwhed:auébﬁ migror Medye 1gy grErband light
| i ght and the heat-absorption amount wi of the mrror M caused by

t he ut - aiddnt oglhe pojectioh aiptical lsgste mab sreptthe tightnauantity/bf ik duveband light is
mrror M [0033] Thus, the controlling part 9 estimates the

heat - abSanEi | Qﬁ‘tlﬁ%lﬂlé@lﬁca%n \ﬁ%at—%sormon afeulPof AAdrYP rﬁéaﬁshﬁ MR qE®y of
ML, M2, MB, M4, Mb, and Mb by applying the light quantity C ?

light changed to heat by a mirror", and is represented by light energy per unit time or the like.
[0032]
When the light quantity of in-band light incident on the projection optical system 6 is
15  C, the heat-absorption amount w; of the mirror Mi caused by the in-band light is given by w; =
C X E.

Furthermore, when the light quantity of out-band light incident on the projection
optical system 6 is D, the heat-absorption amount wy' of the mirror Mi caused by the out-band
lightis givenbyw =D X Vi

20 The sum of the heat-absorption amount w; of the mirror M; caused by the in-band
light and the heat-absorption amount w/' of the mirror M; caused by the out-band light is a
total heat-absorption amount W; of the mirror M;.
[0033}
Thus, the controlling part 9 estimates the heat-absorption amounts W1, W2, W3, W4,

25 W5, and W6 of the mirrors M1, M2, M3, M4, M5, and M6 by applying the light quantity C of

14



14 in-band 1ight and the |ight quantity D of out-band |ight incident
on the projection optical systen16 to the follow ng equation (4).

[ 0034] [Eg 41 % & (4) Note that, information
necessar {i-Faid 'ﬂhtsa%merﬂé& t&wanv & of guty 'ﬁf'%r“ﬁﬁﬂ’tﬂiﬂe&baﬂtth? [péojection optical
characteristics of the mrrors M, M, M3, M4, M5, and M5 such as "E
" "E2", syskESh 6 toEUe folrbﬁﬁ’rgequaﬁah,(4)'.'\/|", V2", "Vv3", "v4", "VS', and
"V6" is stored in the controlling part 9 in advance. The

heat - absor pti omoggefficient Ei of the mirror M depends on the
reflectivity for in-band light of 10 the mrror M and the mrrors on
t he upstrean1s%g 4ihan it, and the heat-absorption coefficient V, of
the mrror pends on the reflectivity for out-band Iight of the
mrror M and the mrr on the upstreamside than it. [0035]
Furthger, the can@gluD E aart.g | cul ates the defornation rate Pl of
the mirror ML at 15 thi¥ Jtime pdint based on the heat-absorption
amount W of the mrror M1 and the history of the heat-absorption

anount (the deletenthi, tifofradttorPAec@asarp orGinisCastiaiatidn Pase s, difoahatid®@dout the
the heat-absorption anount WL of the mirror M1 and the previous

vaiue of chdiScBi@lc PR Rirtd D mIARRA s, MAOWRY Bl MelGich QR VAR!-e8, i, 'es,

cal cul ation depends on the timé constant of hea bala

pecul i ar, ,,he" Jr ) Not et formati on anmount whic

becones aéso “?3{ F‘% ’dé(gp aRdt P@n‘s FE?(’%E IﬂlthF§°B§5?%‘P9|é‘8"tv9n‘ér?dt’%e The
mrror M has reached a steady state while the light quantity C of

t he i n- bheat-dhsghiticanapetilcient Ecpfitherdmer Myddpends omtheonefletsivitd fori ighbandrlight of
bei ng kept to reference val ues, respectively. [00361 Likew se, the
contT®! | tiegnidabk M) 4l el afiesrst be wef @istRhmOkide athen A2 &fd the haht-kBdorption

M2 at
coefficient V; of the mirror M; depends on the reflectivity for oui-band light of the mirror M;
and the mirrors on the upstream side than it.
[0035]
Further, the controlling part 9 calculates the deformation rate P1 of the mirror M1 at
15  this time point based on the heat-absorption amount W1 of the mirror M1 and the history of
the heat-absorption amount (the deformation rate P1 can be calculated based on at least the
heat-absorption amount W1 of the mirror M1 and the previous value of the heat-absorption
amount. However, the content of the calculation depends on the time constant of the heat
balance peculiar to the mirror M1). Note that, a deformation amount which becomes a basis
20  of the deformation rate P1 is obtained when the mirror M1 has reached a steady state while
the light quantity C of the in-band light and the light quantity D of the out-band light are
being kept to reference values, respectively.

[0036]

Likewise, the controlling part 9 calculates the deformation rate P2 of the mirror M2 at

15



15 this tine poi nt based on the heat-absorpti on anount W2 of the

mrror M2 and the history of the heat-absorption anount (the
deformation rate P2 cap be calculated based on at | east

heat - absH’Fiﬁ"i"SrPo Atd o thsrheatiabsprptigp aWE’“&hWZtcfféh?)Flé’v?bMé apg thgshigtory of
t he heat-absorption anmount. However, the content of the cal cul ation
depends um heat-absonptioomstoant (tod defoemitimt rate Patanicecgdadatkd dasddoort Wdeast the
mrror M2). Note that, a defornmation anmount which becones a basis of

the def orlémtamerﬁtainearﬁc;’udtwmt thie NEFoMRENadd @e IFréVifls Mmsthé eesth%&oapuon
steady state whil the light quantity C of the in-band Iight and th

l'i ght qu y f th Lo r

5L R Bl 0l B, (B 118 PP e
cal cul ates the def_ornatlor_t rate P3 of the mrror M3 at this tine )
poi nt> baBdanerpacHbiaria she aWERME: oNoteihat e dafprawmtion ameupt whicl/beggraes plaasis
hi story of the heat-absorption anount (the deformation rate P3 can

be cal cubhtheddi@rsedioara@t P2 is adbtaindibwhére e rabsoiz hanreanimedha stdBdptatewehile
mrror M3 and the previous value of the heat-absorption anount.

However , tﬂehI?gPﬁQEhﬁﬁty ©br theinCBAfigHt £ tﬂ@ﬁ@ﬂgﬁuﬁ’rﬁl%lﬂﬁoﬁ ih@%tﬁ%HQIHht are

of the heat 15 bal ance pecullar to the mrror
sis of the deformatlon rate P3

def or mat | %ﬁmﬁt f ones atbet

i s obtai %'Hg Orﬁe VS YRR Y€ ched a steady state while the

| i ght quantlty C_of the in-band light and the Iight quantity D of the
out - band Ilght 088! bpei ng kept reference val ues, respectively. [0038]
20 Li kewi se, the controlling part 9 cal cul ates the deformation rate

P4 of0 t he m rridkewile,ahe cédtralling paat 9 oalndlatea siedd efarmdto nhrast R3adfsbe plinrerM3 at
amount WA of the mirror M4 and the history of the heat-absorption

amount  (tfiensRipifaaked ok ﬂt@h?&‘ﬂ-a‘h@@rﬂi’i%n Gl dunk Qizesk tp@ﬁﬁl‘#oPMB ahdliR@Ristory of
the heat-absorption anmount Wt of the mrror MA and the previous

ol oul at MsTeabagseBan insf hETRE AUt P ot RE e OER ppin 7S feast the

peculiar to the mrror Md). Note that, a deformation anmount which
becones heqja%lqsgxrptlon amount W3 of the mirror M3 and the previous value of the heat-absorption

amount, However, the content of the calculation depends on the time constant of the heat

15 balance peculiar to the mirror M3). Note that, a deformation amount which becomes a basis
of the deformation rate P3 is obtained when the mirror M3 has reached a steady state while
the light quantity C of the in-band light and the light quantity D of the out-band light are
being kept reference values, respectively.

[0038]

20 Likewise, the controlling part 9 calculates the deformation rate P4 of the mirror M4 at
this time point based on the heat-absorption amount W4 of the mirror M4 and the history of
the heat-absorption amount (the deformation rate P4 can be calculated based on at least the
heat~-absorption amount W4 of the mirror M4 and the previous value of the heat-absorption
amount. However, the content of the calculation depends on the time constant of the heat

25 balance peculiar to the mirror M4). Note that, a deformation amount which becomes a basis
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16 of the deformation rate P4 is obtained when the mirror M4 has
reached a steady state while the light quantity C of the in- band

| i ght and the light quantity D of the out-band |light are  Dbei ng
ref er enc@f mQfé%rmqi@gﬁéf@tP‘\/'é|°5bta'[-@bwan the mirgs\i14 Bas fa3ehech stesfly Fig ! while

part 9 calculates the deformation rate P5 of the mrror Mo at this
tine poi the liglgepraotityt G ef Heain-bagblighti owl thedight quentaf Dt biethei outesankiBight are
and the history of the heat-absorption anount (the deformation rate

P5 can bgem@l@%@?@gn@a@mso&@écd\,@@st t he heat-absorption anount Wb
of the mrror and the previous value of the heat-absorption

anount . Howevel(rg0 gge content of the cal cul ati on depends on the tine
constant of th ﬁ t 10 bal ance peculiar to the mrror Ms). Note

that,_ a deformati on apount which becones a basis of the deformation
rate P5 i s obt Hkemigedhe rontrelling parsd cpeuiptes thedefepationsatedhofdhg mirror M5 at
while the light quantity C of the in-band Iight and the Iight

quant i t ytHs timetgodntdussedanthd hgittabaogtiohanmumnk 85t ofrteé etigack 5 \aat uks history of
respectively. [0040] 15 Likew se, the controlling part 9 calcul ates

the def ogmida@mhbstptioRGnfunt (tRe %fo?ﬂﬁtlé\@ra@é PS5 EAH Be EAIARaRA WAL PGT 8 the
t he heat-absorpti on anmount of the mrror Mo and the hi story of

bocen onhEa= iR h AR WS SE Gl I af{ie Higvinds Ve afthE DestiaBidifion

t he previous val ue of the heat-absorption anmount. However, the
content 8MoURk ERMEKratheotP RGP & die ericylaéon derends 8 itha fimsf conplanh githe heat
20 bal ance peculiar to the mrror Ms). Note that, a deformation

anouhd whalahcdpsatimstoahdadirsr MBY Noe: wiaf, Qrdmﬁrirmﬁohahmuﬁﬁwh&hcﬂat@rheed basis
when the mirror Mo has reached a steady state while the |ight

quant i ty ol ddibyendtidnaRodpy isHbkairdBwhbes the @itorMe Rk toackPh sieﬁ@& state whlle

out-band light are belng kept reference val ues, respectlve y

gﬁdAEGdg Cr‘j@ﬁdqu%tr)l € o eenmt Qancingf(l)tr r’r%t fhgqlgh?tq%gntlty D (I? the 0Lit EIJDaAh’d lll:i:j 't are

being kept reference values, raspectively.
[0040]

15 Likewise, the controlling part 9 calculates the deformation rate P6 of the mirror M6 at
this time point based on the heat-absorption amount W6 of the mirror M6 and the history of
the heat-absorption amount (the deformation rate P6 can be calculated based on at least the
heat-absorption amount W6 of the mirror M6 and the previous value of the heat-absorption
amount. However, the content of the calculation depends on the time constant of the heat

20  balance peculiar to the mirror M6). Note that, a deformation amount which becomes a basis
of the deformation rate P6 is obtained when the mirror M6 has reached a steady state while
the light quantity C of the in-band light and the light quantity D of the out-band light are
being kept reference values, respectively.

10041}

25 As described above, when the deformation rates P1, P2, P3, P4, P5, and P6 of the
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17 mirrors M, M2, M3, M4, M5, and M have becone known as descri bed
above, the anount of fluctuation which has been caused in the

i mge-formn r ristics qof the projection optical system6 at
that ti n@'%%rrﬁn@éﬁﬁﬁiéﬂi%ﬁmg Mﬁt '%f’d’ai%f’-F%‘m? “f‘%" gd ?-‘FBEF‘?' ﬂ%‘“ﬁa agnount of
determ nes adjusting anmounts of the projection 5 optical system®6

(adj ust i AyctaptbemwdichlhasZBeenzGused in i irnagk-ZB8milg charagterisignssofMbe pvRjection
M3, M4, Mb, and Mb) necessary for controlling fluctuations in the

i mage- f 0bpiity) sEterh BAt@hatSirh€ point BacRflesdthdwne def ormation rates P1,
P2, P3, P4, P5, and P6 of the respective mrrors (up to this point,

step S3 has be nadjcﬁt?&r[ itpgqantrélﬂ%l ég[rt g‘geéﬁmﬂ%? %gh}g?ﬁ? %R%Yﬁts En‘ht%e pprgi’e{:tion

present projection expgosure apparatus I'S equlp a sensor
(light-quantity sensors 12 and 13% to detect the Light quantity of

i n-bahd PPYFA syskemm oAUUstingAMRUMA LT 1472: &+ BUZoniftics Pighe mlﬂa@d@ﬁd\é%thﬂ%f M4,
(see Figs.2 and 3), and the controlling part 9 estimtes, based on

t hese twM3kiandsM6) neletssry ddr contng!liog dlutivaiiess in biee &nageaforofing characteristics,
fluctuation in the image-form ng characteristics of the projection

optical sysddedh the CRESTRALBY ratddP1 IP2apd gll pf IMEP6 dthhd iedpéctivd AifrorsQUB fo this
if the light quantity of i n- band | 1 ght and t he light quantity of

out - band ofnit,%éq E%K?Sn%%éehﬁ%%ﬁ]@% _i ndi vi dual | y, the anount of

fl uct uat PRI N characteristics of the projection
optical system 6 can be estimted accurately. As a result, the

adj usting anmoulf048t t he projection optical system 6 becones an
appropriate value, and 20 the mrror adjusting systemthus operates
corregtly. [00A8HUesdripet bovmrtbe présentprjediibhiexgopmae tapParaiitsi inwgepped with a
based on these two kinds of detected |ight quantities, the

heat - abs @éilor @ArtaNPMOGuHtity BehrsBiLI 2Ghi 1) P Ukt thaYIfghe RulnGigwTarlBand light
i n-band light and the heat-absorption anmount of the projection

optical. EVERSFRLREY A ee R Rfe L BEEPERLSR S e convlin
part 9 estimates, based on these two kinds of detected light quantities, the amount of
fluctuation in the image-forming characteristics of the projection optical system 6 caused by

15 irradiation heat of light.

Thus, even if the light quantity of in-band light and the light quantity of out-band
light have fluctuated individually, the amount of fluctuation in the image-forming
characteristics of the projection optical system 6 can be estimated accurately. As a result,
the adjusting amount of the projection optical system 6 becomes an appropriate value, and

20  the mirror adjusting system thus operates correctly.

[0043]

Furthermore, the controlling part 9 estimates, based on these two kinds of detected
light quantities, the heat-absorption amount of the projection optical system 6 caused by

in—band light and the heat-absorption amount of the projection optical system 6 caused by

25  out-band light independently, and regards the sum of the heat-absorption amounts as the

18



18 tot al heat - absor pti on anmount of the projection optical system 6
(see Egs. (1) to (4)) Thus, the fluctuation anount descri bed above

is estinmat accurac Furt hernore, the sensor_part o

proj ect | t?ﬁaﬁ%beg @pﬂ%am*ugc’%/ the|RTBIBSHAmEPtichaYstum Ocpss Ba%: bhve #@5 rhus,
el ements SA and the wavel ength-selecting filter F which are typical

5 opt i cathedlustiativs afmaipt Heserib8d abgve is kstimied mgthvidgly asdunglye. [ 0044
(OGhers) Note that, in the present projection exposure apparatus,

when a reticl eFLb{Hemlores tAé IsaRGR G e bPKe higjeéttin BkFbshres Bg,ymatu@ imtlgedes the
1, the light-quantity sensors 12 and 13 may be 10 provided on the

| irght enBﬁth&Qctﬁc%ﬁn\%ﬂg Bﬁ%%n?ent{ ?/? aﬁc? EH \lvglelﬂgf@w sgl':g@ﬁgﬂaﬁm \Ehlcﬁ g?e typlcai

pl ace to arran Sensors

ot her_ pl ace such as an ptlcal ath between the projection optlcal
syst em 6ORGA! elgeepts; (seq k9. %a%rthahb@ﬂswe'aasma% in the projection
optical system 6. However, it is desirable that the place to arrange
them may be 0d00hé]upstrean1than an aperture nenber (not shown) in
the 15 projection optical system6, and in an optical path of a beam
- which does not(pR&s) t hrough the aperture nenber. For exanple, the

pl ace to arrange the light-quantity sensors 12 and 13 nmay be on the

optical 25'5?2“3%"&[?‘6855'%3%5%&?? b BostE” BPbuafle: Wi Feac% gl Blia s

exposure apparatus m ped mnt an _exposur.e-anmoun

controll arﬁyﬂgsey'sheé%edgﬁ mefi Cﬂ%g %awbu'@ Figr 1t e lvqumuaquarrﬁqnwr%le?nw 13 nay be
(= output indicating the light quantity of in-band |ight). The

expodur epweided @inl tha jjgbyattering gide fanfae dfelkedrdtimiekblidnt r ol of t he power

of the |laser plasma |ight source 1 a in such a manner that the

out put val ue OfyriHiembidRhe gkh@é”té Eﬁaﬁgﬂﬁrh&@—cﬂ&mlﬁfsetnlﬂ&stimd 13 may be in

integration value of the 25 output of light-quantity sensor 12 are

kept to Qny &ﬁgl%lg(]:ens%gh \églarlljg;%tical path between the projection optical system 6 and the reticle

5 or an optical path in the projection optical system 6. However, itis desirable that the place
to arrange them may be on the upstream than an aperture member (hot shown) in the

15  projection optical system 6, and in an optical path of a beam which does not pass th.rough the
aperture member. For example, the place to arrange the light-quantity sensors 12 and 13
may be on the light entering side surface of the aperture member in the projection optical
system 6.

[0045]

20 Furthermore, the present projection exposure apparatus may be equipped with an
exposure-amount controlling system using the output of the light-quantity sensor 12 (=
output indicating the light quantity of in-band light). The exposure controlling system
performs feed-bhack control of the power of the laser plasma light source 1ain such a manner
that the output value of the light-quantity sensor 12 and/or the time integration value of the

25  output of light-quantity sensor 12 are kept to predetermined values.
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19 Furthernore, as the light source of the present projection

exposure apparatus, any other EUV |light source such as a discharge

pl asma |ight source or a s nchrotron | i ght source_  may be used

i nstead of theF'fréhs‘*é'F‘ofﬂ as '9*@}%’9”&9&? eF%“I PpAsiion sXposure @pRYaRIs, any
the mrror adjusting nechanism 8 of the projection exposure

appar at ustheaffUldigbnsuady ushian@ disehaespitsroniglafsouhe ariarsyeclsotvb i lighPsource
M3, M4, Mb, and M, or one adjusting the pressures of the nedi uns

among t hgyaipenRed ildtehd dRhe MBer lsmaRghttddrddBra, Provi ded that they
are able to adj ust the inage-formng characterlstlcs of the

proj ection EOI ﬁﬁL system 6. 10 Furthernore, although one set of the
|l i ght-quantity s(,) ors 12 and 13 is arranged in the projection
exposure apparatus, two or nore (two in Fig. 7) sets of the

| i ght® quant i t yFurshaimeres the awitron adigginge xaaehrrismndy opethar pexigstign exposure
around the sane lum nous flux as shown in Fig. 7. Wen the output of
two or napmarhtug mbaycdiesore ddyussiag sle sostidrarafele miroars i I, 2, 84874, M3rand M§, or
flux is used, the light quantity of the lum nous flux can be detected

wi th hi ghgE adj &?tlr%c@lﬂrp?é's\fure[sg@f%]mefuﬁ%Iaﬁfo'ﬁgrtﬁe m'u‘?orrsm W?WM4 M5, and M6,
proj ection exposure appar at us, the influenCe of light which is

Cyst om opreeloBab Rieerd Bl b Aas Pig ey orintio Fhfafteiuii qTipe fotecton

l'i ght reflected by the wafer 7 is 20 extrenmely small (details will be
descri be@prticl &ysfem$o that the light quantity can be adjusted with
sufficient accuracy even if the influence is neglected. [Second

Enbor nent] ThEurslesoioek, alvthaunai sed bf thedight-gaentity isavsns | ®andvl B s dreanged in
described belowwith reference to Fig. 8. Here, only points

di fferenthd pRIR&IBR dxipbSire SIFRAFHHE HyoVir toRe /B SRTAIRER- set 8f HOAG-quantity

sensors 12 and 13, for example, may be arranged around the same luminous flux as shown in

Fig. 7. When the output of two or more light-quantity sensors arranged around the same

luminous flux is used, the light quantity of the luminous flux can be detected with higher
15 - accuracy.

[0047]

Furthermore, in the present projection exposure apparatus, the influence of light
which is reflected by the wafer 7 and then returns to the projection optical system 6 is
neglected. However, in an EUVL, the light quantity of light reflected by the wafer 7 is

20  extremely small (details will be described later), so that the light quantity can be adjusted with
sufficient accuracy even if the influence is neglected.

[Second Embodiment]

The second embodiment of the present invention will be described below with

reference to Fig. 8. Here, only points different from the first embodiment will be described.

25 [0048]
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20 Fi g’. 8 is a schematic configuration diagram of the present
projection exposure apparatus. The configuration of the second
enbodi nent is different fromthat of the first _enbodinent mainly in

that a |ight-dUdn®iy? sehipapticyeonfi igYAteR dAgram of flee Prepsnt geRiattanyexposure
sensor 12 and a light-quantity sensor 13' equivalent to the

| i ght - quapnaratyss efleoronfigueation mf dheé dexbndreribddimentsit aliffataigiromBhat of the first
Herei nafter, the light-quantity sensors 12' and 13' are referred to

as " vaf @hbsiiiRns ARHOY f that a RGHE- éﬁnt.t@mséhﬁz lqubtlemamﬁé ﬁghtS@mtyssensor

12 and 13 provided near the reticle 5 are referred to as "reticl

armbadt nont P4 TafESuine sl T8, sl PRCTRE) IR LIohERBREY B *?Q‘f'tfe provided on

enbodi ment using the reticle side sensors 12 and 13 durin

exposur ethsevafgt Stagp Wy diferedpriternibedighirayjantitygsepaens 1" gnd tl% gre referred to as
enbodi nent corrects the heat-absorption coefficients (E, V1, E2,

V2, E3, Vaferside Shsofs5] 2 Ybd 186 aad dhd/Byhtofudriizy permspesctd amd dPpravdded near the
system 6 using the wafer side sensors 12' and 13" for each

appropri ahRlely AR rBirRU49E ab MR RRRWeRsHS20Md 1370050] 15 This
correction is performed to address tenporal changes in the

reflection /ab®§ Btl on characteristics of the projection optical

system 6, beca 3 here is a possibility that the reflecti vities RI,

R2, R3, R4, R5, and RG of the mirrors M, and Ms in
the projecti onﬂéﬁpf‘?rﬁ'é‘l""yy@trbﬂtoét‘?ﬂlé@f@&’géﬂwttfﬁp%ﬁt?@}HW% stglar aprthd of the

generated in the projection exposure apparatus. In addition,
cont Eim nfirst ehhodirserdrusirg thdheficle tsidendansorss1 2 a6d 0 ctdn'mgtmséxpmmesbdmd. In
so that the tenporal changes are remarkable. [00511 The operation of

t he cont s@litibM3nheb6htrSlinF Park 91 J1%hik RhiboafhéfCoirefts \thd heaﬁeaﬁ%%ﬁﬁfdn%gfﬂcfénts
detail below Wen performng this correction, the controlling part

0rives, PV P! BRSSP, 52 RIS BT R RIS i
wafer side sensors 12" and 13' for each appropriate time outside the exposure period.
[0050]

15 This correction is performed to address temporal changes in the
reflection/absorption characteristics of the projection optical system 6, because there is a
possibility that the reflectivities R1, R2, R3, R4, R5, and R6 of the mirrors M1, M2, M3, M4, M5,
and M6 in the projection optical system 6 decrease with time due to contaminant generated in
the projection exposure apparatus. In addition, contaminant is easier to adhere to mirrors

20  on the upstream side, so that the tetnporal changes are remarkable.

[0051]

The operation of the controlling part 9 regarding this correction will be described in
detail below.

When performing this correction, the controlling part 9 drives the wafer stage WS to

25  arrange the wafer side sensors 12' and 13’ instead of the wafer 7 on the optical path. At that
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21 tine, light (in-band light and out-band light) fromthe projection
optical system6 enters the wafer side sensors 12' and 13'. The
controlling part 9, at that tine, refers to the output X of the

waf er si H&eg Bﬂﬁdm—bq@ likyi @nel pat-bang lighty from thegpraigrtion eptiral sxskryg 6 epters the
and calculates the light quantity Cof 5 in-band light emtted from

t he proj eefersiecphsawall 2'syslt B30 6 and the |ight quantity D of out-band
light emtted fromthe projection optical system 6, respectively. The
cal cul ation npfd@shticHirROpHrY 3! Sthat ﬁmkh?etfe:’_ﬁ@%é"@ﬁlfgu{ kbR tha waRdr dideSensor
A and B are calculated in the first enbodinent. [00521 10 At about

t he same.tine en .t he.c rolldn art 9 fers to,the outputs X.
and v 112" 6 BRSSOy S oS g Yoo, [ SR RS af RN Sudiyy © of
the output Y of the reticle side sensor 13, and cal cul ates the |ight
quant3 t yincband lighhgmitted fem the periestiopnortisal prsisract iasd et lighi quantity D' of
system 6 and the light quantity D of out-band light incident on the

proj ect i ont-bmid (ght a@yistedrfrorb the esgetionvaitital skant 8| edspadtivaly. NEhdrodlicuistion
as described in the first enbodinent. 15 In addition, the controlling
part 9 dgfeefdd REUVARWDES tRlt 13RH WHIRMIRHHIRalaR: J@anél!Bu&reL@#c'ufﬁEed th #Sirst
reflection /absorption characteristics for in-band ['ight of the

proj ection ﬁpti?al system 6 based on the light quantity C of -

i n-band FW&R St ted fromthe projection optical system6 and the

i ght quantity C of in-band |ight incident on the projection optical
system 6 (whi | ®088hparing themwith the previous val ues), and

corrects the values of 20 heat-absorption coefficients (El, E2, ES3,

E4, HBb, and EGAt alegatith signd timbarhdnlthg béntvdikry pdrepeefehats theentputs X and Y, it
fluctuation. The correction anmounts (AEl, AE2, AE3, AE4, AE5, and

AE6) of tdiers theMd o ABSOX BE tk@r‘reﬁa‘é‘fsfdelcs!eﬁ%ﬁrsl AdFd thEduted v &F ge Ee'iicleail?éje sensor

E6) may be determ ned based on the t quantities C an only.

g
However, Lt i re desiraple in. high accurate correction that. the .
be. det er hnaf GRGWAES AR JBNbAPYNEPT Biband Ut PEENCoR e EroipgHon optical
al so data obtained by 25 advance neasurenent (that is, data of the

t enpor al sx;ﬁqn@@r@dhgéghm uanfity D of out-band light incident on the projection optical system

6, respectively. The calculation method is as described in the first embodiment.

15 In addition, the controlling part 9 determines whether or not there has been a
fluctuation in the reflection/absorption characteristics for in-band light of the projection
optical system 6 based on the light quantity C' of in~band light emitted from the projection
optical system 6 and the light quantity C of in-band light incident on the projection optical
system 6 (while comparing them with the previous values), and corrects the values of

20  heat-absorption coefficients (E1, E2, E3, E4, E5, and E6) regarding in~band light when there
has been a fluctuation. The correction amounts (AE1, AE2, AE3, AF4, AE5, and AEG) of the
heat-absorption coefficients (E1, E2, E3, E4, E5, and E6) may be determined based on the light
quantities C and C' only. However, it is more desirable in high accurate correction that they
be determined based on not only the light quantities C and C' but also data obtained by

25 advance measurement (that is, data of the temporal change curves of the
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22 reflection /absorption characteristics for in-band light of the
mrrors M, M2, M3, M4, Mb, and MB). Information necessary for the
determ natjon and correction is stored in the controlling part 9 in
advance. rqfse4®)/absprptien gharagiedstieser imbapd lightef %rm'r@ra@?bm,rm% M4, M5,
whet her or not there has been a fluctuation in the reflection

/ absor pt adh Mjar &dbenatini necessary dut -tharitdrmjiidtioaf aricheopedjoncisi stored in the
optical system 6 based on the light quantity D of out-band Iight

em tted E5RPIKEPRE Oligaliva@e, Optical system 6 and the |ight quantity
D of out-band light incident on the projection optical system®6

(whil e conpari ggen1mﬁth t he previous values), and corrects the

val ues of 10 h F- bsorption coefficients (VI, V2, V3, V4, V5, and

V6) regarding out-band Iight when there has been a fluctuation. The
corrextion anotithermaw, thayentraligg pavu 9 detesmingrgwheiber opfmot fjaere has been a
heat - absorption coefficients (VI, V2, V3, V4, V5, and V6) may be

det er m nédcthad@dirothe tefiectidnghlisogption chdragetandoDbuteband liglavefvehe  projection
is nore desirable in high accurate correction that they be

det er m ngghs; I : i i i, : | SQiacti
Got o o SPACHSED B ORI IR By OB MU (R ol ection

morl CHRTBREH 5% B o B B B AT Ao SR e

I nformation necessary for the determ nation and correction is stored

in the &&RMd IWhile sampadng themyvwitl dhe [rmedays valgenic @b diamtgctsothenealues of
above corrections, even if any tenporal change has been caused in

t he reef | hedt-absorptisoeqafiicdents AT, a¢2, ev3,sv4, 06, ahdt Vi® eaandait oarbapd ligled when
system 6, the heat-absorption coefficients (El, VI, E2, V2, E3, V3, -

E4, VA4, BRre Wos b&h a AR uMEIn. 2 TRe LBAEARA arhOuri® (AR AVAAYESAVASAG . and AV6)

result, the mrror adjusting systemof the projection exposure

nae. beenobiideat el SBBofubty L% YRt 3B: ope SRlpatPERrGrmfedfite on
the projection optical system 6.
the light quantities D and D' only. However, it is more desirable in high accurate correction
that they be determined based on not only the light quantities D and D' but also data obtained

15 by advance measurement (that is, data of the temporal change curves of the
reflection /absorption characteristics for out-band light of the mirrors M1, M2, M3, M4, M5,
and M6). Information necessary for the determination and correction is stored in the
controlling part 9 in advance.

[0054]

20 According to the above corrections, even if any temporal change has been caused in
the reflection/absorption characteristics of the projection optical system 6, the
heat-absorption coefficients (E1, V1, E2, V2, E3, V3, E4, V4, E5, V5, E6, and V6) are renewed
to correct values. As a result, the mirror adjusting system of the projection exposure

apparatus continues to operate correctly even if any temporal change has been caused in the

25  reflection/absorption characteristics of the projection optical system 6.
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23 [00551 In addition, the controlling part 9 of this enbodi nent
corrects the heat-absorption coefficients (El, E2, E3, E4, E5, and

E6) regarding in-band |light and the heat-absorption coefficients

(v, V2, V3, VRB05%6  and V6) regardi ng out-band |ight, independently,
based on 5 four kinds of light quantities (C, C, D, and D)

det ected, so tlhaddition, ter centtollony @t Orodichis iembodhent doBebisrtbd hiat-absorption
that, in each of the sensor parts of the projection exposure

appar at usgsticislas Qe i, bed mbeyegs aar{d Bt re?!ah%l'cﬁd f#bﬁﬁ@fﬁaﬁt ard 4Rd BELtMSkorption
t he Ilght quantlty 'of 'in-band 1ight on i ght-quantity

and che Seioige (GO T2y Y P e i 5%33eb%ﬁ'ﬁ\srtézﬂba”dmﬁrhﬁaaeﬁ on

addition to the above sensor parts, a senor part as shown in any one
of Fixys. burkmds gf lohtyuagiities (EoC‘bB anshP) defegted asostbatisy caseaction gecuracy is high.
detecting the light quantity of in-band light and the |ight quantity

of out-band | ijghhkersj ndependently. [00561 15 The sensor part shown in
Fig. 9 includes: a light-quantity sensor 12 in whi ch a

wavel engt h- sel GG ﬂﬁt finl L&% 5F ttl#@%er%%? ﬁar@n FYdjééﬁoﬂné)Ypo%ltehapparatuses
respect to in-band li'ght is nmounted on a pho toe eCctric conversion

el enent quantity sen 13" . ) .

wavel ongfruBrEaR e, PoREERty Yaner Fatend fhelBhry ity of i tapd tish oniy.
respect to out-band |ight is nounted on a photoel ectric conversion

el enent @ a tighi-auandity sanser 13 Aetegting e shamitihve katitaspntiy of in-band fghtjagd the
for exanple, glass. The sensor part shown in Fig. 10 includes: a

wayv el @nglightspilettyiofiguf-bahe light dréprovived. Howes] ihtatdlitiyn anthe aboldsensor parts,
respect to in-band light or out-band |ight; a photoelectric

Cory s, Sn AL [y TR 0,48 RS Sopeasesor e for
Fggggil egétré!:t?ngcgﬁélc?lgﬁ'lc %rlljagtllenepm_ an q%h(tjlasngl tah%eﬁgﬂltt qhgrﬁlrt\e(}forfomﬁ gand light
independently.
[0056]
15 The sensor part shown in Fig. 9 includes: a light-quantity sensor 12 in which a
wavelength-selecting filter F that has transmittivity only with respect to in~band light is
mounted on a photoelectric conversion element SA; and a light-quantity sensor 13" in which a
wavelength-selecting filter F' that has transmititiviy only with respect to out-band light is
mounted on a photoelectric conversion element SA. The material of the
20  wavelength-selecting filter F' is, for example, glass.
The sensor part shown in Fig. 10 includes: a wavelength-selecting filter F that has
transmittiviy only with respect to in-band light or out-band light; a photoelectric conversion
element SA; and a mechanism 15 which places the wavelength-selecting filter F over the front

surface of the photoelectric conversion element SA and displaces it therefrom.

25 [0057]
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24 The sensor part shown in Fig. 1 1 includes: a wavel ength-sel ecting
filter F that has transmttiviy only with respect to in-band Iight

a wavel engt h- selectlng filter FF that has transmttiviy only

respect to outhsatfRisPY Bt shawp b Fgell &dagidese awavelength é?'%ﬁ#ﬁ‘ﬁtf 'EAF taﬁﬁhas
a mechani sm 16 which alternately places the wavel engt h-sel ecting
filters trapemiittiviy oulyrwitheespect tohi-taud flaghe afwavblengthotdaltimgt filiex F' that has
conversion elenent SA. Note that, when the sensor part shown in Fig.

10 or 1 gahsmitifontl MnGREdPtd bObiad l‘ighq aﬁﬁét\ﬂ@@cﬂ'lla%oﬁﬁmaﬁ"efé"r’ﬂe}@S,Qr and
16, and refers to both of the output e sensor part obtained

' vi ng. * FERsRR SRt WRish ARt ishr e?ﬁg\?e?wgﬁ@s%w%ﬁ%ﬁ?‘h&%% G hepver the

present | nventl on will be described belowwith reference to Figs.12
and 3. franssusiase af therphoteelectijeronyversion @JemenkSAi rst enbodi ment. Here,
only points different fromthe first enbodiment will be described.

The points di fleteahit, whemtHes@nbor irt shobadh MR 02k ¢ 1 tihadedsthej coatrslliag part 9
adjustnment for 15 controlling fluctuations in the imge-form ng

per f or magGfsl tﬂe ehddiihd SWt?gdérfEWé?eréfc?b&h%f tﬁeoélltﬂml\ggf e énsoﬂ?gé%tained

* Positions of e mrrors M, Vb |rec I ons
(X-axis

i oot § oREOHD é\’lé’ﬂ?é%% PEaR ¢ ﬂé%sﬁfﬁwf@%wﬁoﬁ%ﬁ"é Wd/e, and 1B

in directions (Y-axis directions) perpendicular to the respective
optical axis di0P&8tions and X-axis directions Positions of the
mrrors M, M2, M3, M4, Mb, and Mb in the respective optical axis
di rexd i ons (Z-@kird Eeibodirhéths) [ 0060] 25 * Arrangenent angl es around
the respective X-axes (in the Ox-axis directions) of the
The third embhodiment of the present invention will be described below with
reference to Figs.12 and 13. This embodiment is a variation of the first embodiment. Here,
only points different from the first embodiment will be described.
The points different from the first embodiment are that subjects of adjustment for
15  controlling fluctuations in the image-forming performance in the third embodiment are the
following ones.
[0059]
* Positions of the mirrors M1, M2, M3, M4, M5, and M6 in directions (X-axis
directions) perpendicular to the respective optical axis directions
20 * Positions of the mirrors M1, M2, M3, M4, M5, and M6 in directions (Y-axis
directions) perpendicular to the respective optical axis directions and X-axis directions
* Positions of the mirrors M1, M2, M3, M4, M5, and M6 in the respective optical axis
directions (Z-axis directions)

[0060]

25 * Arrangement angles around the respective X-axes {in the Oy—axis directions} of the
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25 nmirrors M, M2, M3, M4, Mb, and M6 * Arrangenent angles around the
respective Y-axes (in the Oy-axis directions) of the mrrors M, M,
M3, M4, Mb, and M6 * Arran errent angl es around the respective Z- axes
(in the OiressMl, M2 M3 MhM5.6ndME 5 nirrors M, M2, MB, M4, Mb, and
M6 [00611 * A position in the X-axis direction of the wafer 7 * A
posi tion in theArasgansentianglet amundfthd tespaaive Y-axes(inkhp Bgtaxisadirdctiond) f the
Z-axis direction of the wafer 7 10 For this reason, in this

enbodi MeRkrro@M S NWMI, M4 M5, ahd meach of the mirrors M, M, M, M,
M6, and Mb is supported by mrror stages I\/Sl I\/SZ M3, Ms4, MSS, and

MS6 h 6 f
freedomare a dagraemr paBEaRInghERSERINE Sraxay (S aE Grections) of te

direction, a degree of freedomof a position in a Y-axis direction, a
degr e oF’"f‘Préé@jbrM%fM?a MbMY.ia0d Mh a Z-axis direction, a degree of
freedom of an arrangenent 15 angle in a Ox axis direction, a degree
of freedom of [@o6ayrangenent angle in a Oy-axis direction, and a
degree of freedom of an arrangenment angle in a Oz axis direction.

[0062] These #hLoQikioR feHRSx IRk, clulg@&mé/ﬁ'ﬁ e Mpsh 7 MBS, and MS6

correspond to the mrror adjusting ne nism8 (see Fig. 1) of this

enbodi nent. Foy ,each of mrr Sta 0 M52, MS3, M4, NS5,
and VBB, a par af'P8FUPI Mk hte;%é‘xgtcﬁﬁét'o'f gfﬁ’&‘é{’?ﬁﬂ e, can be applied. On
the other hand, the wafer stage W5 supporting the wafer 7 may have at

| east three defesisionfin thetuinditekéon pbde wakera? t ypi cal proj ecti on
exposure apparatus. Three degrees of freedomare a degree of freedom
of al(position Forthis réhsan, ia thik eabbdent fastehgividn Big. 12,ead0 BT e migrors M1, M2,
position in a Y-axis direction, and a degree of freedom of a position

in a Z-ayss vl WeEtdme i€3ubPA8R by mirror stages MS1, MS2, MS3, MS4, MS5, and MS6
having 6 degrees of freedom, respectively. Six degrees of freedom are a degree of freedom
of a position in an X-axis direction, a degree of freedom of a position in a Y-axis direction, a
degree of freedom of a position in a Z-axis direction, a degree of freedom of an arrangement
15 angle in a 9x-axis direction, a degree of freedom of an arrahgement angle in a By-axis
direction, and a degree of freedom of an arrangement angle in a 8;-axis direction.
[0062]
These mirror stages MS1, M52, MS3, MS4, MS5, and MS6 correspond to the mirror
adjusting mechanism 8 (see Fig. 1} of this embodiment. For each of the mirror stages MS1,
20 MS2, MS3, MS4, MS5, and MS6, a parallel link type stage, for example, can be applied.
On the other hand, the wafer stage WS supporting the wafer 7 may have at least three
degrees of freedom like those in a typical projection exposure apparatus. Three degrees of
freedom are a degree of freedom of a position in an X-axis direction, a degree of freedom of

a position in a Y-axis direction, and a degree of freedom of a position in a Z-axis direction.

25 [0063]
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26 In the follow ng description, the adjustnent ampunt of the mrror

M in the X-axis direction given by the mrror stage M5 is
represented by X, the adjustment anount of the mrror M in the

Y-axi s direct |laﬁhgn°%l&w"ﬂg/d9wémﬁpn,rt@ﬁ agjustaenmmountrefghe suirroe M by the X-axis
the adjustment anount of the mirror M in the Z-axis direction given
by t he ndifgation fivegebyMbie misrds stager MSidn raiteianted by X)) ehadgljustinmann aneumbunf the
of the mrror M in the Ox-axis direction given by the mrror stage

MBI i's IeRt&SANie Y- dw&&ﬁma?ibéﬁbvﬁﬁé PR Rlagdf MENG r@bfe@&{teMby"ﬂ the

t he CNCaX|s direction given b he mirror stage M5 1Is represente

by Ovi, adj ust nment

di recti off Jb?‘O@HyBV"PW& hFr’B‘F’°§8’L{¢%nA?5?]"’i"E ‘i"é%/k'%@h‘ﬁe@g’y%e 62[” stagg MSiis
adj ustment anount of the wafer 7 in the X-axis direction given by the
waf ers st egeesppiedsby10, the pritstmeeicarguntef theminel Msinntbn Oxaaxiusirectiphdiven by
wafer 7 in the Y-axis direction given by the wafer stage W5 is

r epr esenth@dmbyorBiagd kigi Bdeprtksemad byndxinhe afljustiRerwaintsunt of nhé Retrrdr MG the
direction given by the wafer stage W5 is represented by Zw. [ 0064]

Thus, 'teJ 558%%1:@&[&%&9@ evmﬁrbrgﬁadgzﬁ\gmmep%@gu Zb\)%%tﬁ@ad @t&(@‘hmount

OY
i d -t t
the |Imag%i! s Wb i e GRS cirecosy STAE DR 5 irt Sidas MSES P i B e

can be surely controlled even if they are conplicated. As descri bed
above, stheceljusimept ynewntiadihe water Jdn téygt@m dir¢ation aivehl kycthe waferyssege WS is
and an off-axis optical system deformation produced in the mrror

M 19 nokepddsantesl Byolwa theatddtshefy ABHNt of thawafet 7ue theHagRdieatise dive i by the
the 20 i mage-form ng characteristics can be non-rotationally

Symmetri @afe?? ai?laaws %J@Eré:s@ﬂtteﬁ%y YD &RE %?&s%&ﬁﬂ?ﬁ&ﬁntegfftﬁgtv\ia‘f@" 7 ilPBROE-axis

However , ctuations |nthe|rrage ormng aracteristics are
o o fieeippalea B e bl A B SEB T og comput ation Tor
determ ning the adjusting anbunts becones conpli cated.
0064{
Thus, it is considered that when adjustment amounts Xy, Y1, Zi, Ox1, Oy, 8z1, Xz, Y2, Z2,
15 Oxz, Bvz, Oz2, ... Xs, Y6, Zs, Oxs, Bvs, Oze, in six axis directions of the mirrors are used,
fluctuations in the image-forming characteristics of the projection optical system 6 can be
surely controlled even if they are complicated. As described above, since the projection
optical system 6 is a reflection type and an off-axis optical system, deformation produced in
the mirror M; is not always rotationally symmetric, and fluctuations caused in the
20 image-forming characteristics can be non-rotationally symmetric, so that such control
becomes extremely effective.
10065]
However, if fluctuations in the image-forming characteristics are controlled using
only the adjusting amounts X, Yi, Zi, Ox;, Oy, and 0z of the mirrors, there is a possibility that

25  computation for determining the adjusting amounts bhecomes complicated.
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27 For'this reason, in this enbodinent, the adjusting amounts X1, Y;,
Z;,, Oxi, On, and Ozi of the mrrors are conbined with the adjusting
anopunts Xw, Yw, and Zw of the wafer 7. Incidentally, the above
respective adjfipsithiageasapdntkis ambodiment shaadiupiing frourts Xt Yo Zi Prfrpaid 0z of
9 like the first enbodinent. The determnation is nmade at step S3 in
Fig. 4 fthelmkers he domidihedwhb the@iitistingdadints Ki,dw, and Zlylofi siewifes7.a
determ ning nethod of this enbodinent. First, the adjusting anounts

X1, Y1, Z1, O&gﬁig%gy,g?ﬂe abve Yr%spe%%ve Q%ustﬁyzamgﬁﬁts are def&@mindd by the

Z6, Ox6, Oy6, the mrrors are determned as shown in Fig.

13(A), and then the 10 adiusting,amounts Xw,_ Yw, and Zw of 'the f er
2o et aftntindliv b ke o if Bl egn " Thsitbre s Fadias SR . 4
X1, Y1, zZ1, Oxi, On, Qzi, X2, Y2, Z2, Oxz, Oyz, Qzz, ..., X6, Y6, Z6,
x6, 5 Ovbke tadirgignbygdimBet. nirrors are determ ned based on the
deformation rates P1, P2, P3, P3, P5, and P6 of the mrrors as in

t he case that [pbespdj usting anounts Zi, Zz, Z3, Z4, Z5, and Z6 are

15 determined in the first enbodinent. Here, the deformati on rates

P1, P2, P3, P PP3 Qﬁi@@ fE n1 . Lpto a
; Fig" P3 il@ Qo o 67 R ln_gﬁt.

deformation ratée vector P as tehe??"g% H?vm ng eq{fggt?[lqon TS . [0068] [Eq.

S Pl P2 P3Fir5%,0thlgadﬁ)étihé 'algl’l% ntF;§(I, YP16, Z1, Ox1, Bv1, Oz1, Xz, Y2, Z32, Ox2, Ov2, B2z, ..., Xs, Y,
Zs, Oxs, Oys, and Oz of the mirrors are determined as shown in Fig. 13(A), and then the

10  adjusting amounts Xw, Yw, and Zw of the wafer are determined as shown in Fig. 13(B).

[0067]
The adjusting amounts Xy, Y1, Z1, Ox1, Bv1, Bz1, X2, Yz, Z2, Ox2, By, 022, ..., Xs, Y6, Zs, Oxs,
Bvs, and Bze of the mirrors are determined based on the deformation rates P1, P2, P3, P3, P5,
and P6 of the mirrors as in the case that the adjusting amounts Z;, Z;, Z3, Z4, Zs, and Zg are
15 determined in the first embodiment.
Here, the deformation rates P1, P2, P3, P4, P5, and P6 of the mirrors are merged into
a deformation rate vector P as the following equation (5).
[0068]
[Eq. 51
FpL
P2
P3

20 P= (5
| O

Ps5
P6

Furthermore, the adjusting amounts X1, Y1, Z1, 8x1, 8v1, 821, X2, Y2, Z2, Ox2, Ovz, 023, ...,

Xs, Y&, Zs, Bxs, Byvs, and 0z¢ of the mirrors are merged into an adjusting amount vector D as the
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Furthernmore, the adjusting amounts Xi, Y1, Z1, Oxi, On, OZt, Xz, Yz,
Zz, Oxz, OY2, Qzz, X6, Y6, Z6, Ox6, Oy6, and 0z6 of the mrrors are
nmerged into an adjusting anount vector D as the 28 follow ng
equat i onfqlleying §yedon G Eq. 6] X, Y, Z &1 On 8z1 D= (6) X6 Y6
Z6 BX6 BY6 Bz6 5 Then, the adjusting anobunts X1, Y1, Z1, 9x1, Ovli,
QZz 1, X2, Y2, [@Be9x2, OY2, Qz2, ..., X6, Y6, Z6, Ox6, OY6, and QOZ6
of the mrrors are uniquely determ ned by the follow ng equation (7).
[ 0070] [ Eq. 71{EQ:MP ...(7) 10 where ML in the equation (7)
represents a nmatrix with 36 rows and six colums. The matrix ML is
as shown in the egyation (8).

1

D=| i v+ (6)

5 Then, the adjusting amounts X, Y1, Z1, 0x1, Bv1, 821, Xz, Y2, Z2, Oxz, Ov2, B2, ..., Xs, Ys,
Zs, Bxs, Bvs, and 0z¢ of the mirrors are uniquely determined by the following equation (7).
[0070]
[Eq. 71
D=MP «+(7)
10 where M, in the equation (7) represents a matrix with 36 rows and six columns. The matrix
M is as shown in the equation (8).
[0071]

[Eq. 8]

M, = (®)

362 363
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[00711" [Eq. 8] nill nl2 nml3 mi4 ml5 ml6 n2l n22 n23 nR4 7n25 M6 M _
MB1 M32 M33 nB4 nB5 nB6 ...(8) M1 mi2 n43 nd4 md5 mi6 MB61 M362

M363 nB864 MB65 M366 29 The val ue of each el enent nkt of the matrix M

i s cal cul at ed B alvesfepemelemgntmiaefithe mabrhsMdissialoulate e amaptiral ealgfation
the projection optical system6, and is stored in the controlling

part 9 ipasad\vanhe dedibf daed of the Mrojestich GRivdEs\Sted 6NRAd isXstavati Gl the controlling
converts the deformation rate vector P into the adjusting anount

vector D,Oe6Gp3 aﬁcg.oﬁhﬁ%FiQMJH%%%%\}é il RSwhiEh I:(%\ﬁ/gn?.the deformation rate

i mge-formng characteristics. or exanpl e, irst colum
vector [nu_, 1, ...,,.mM61] constituti t he trix M . cqQrresponds

o an ad]aSiirh Ao A AHISBE SO YeE86 B s Py dBh EPar g Tuctuations T the
fluctuations in the imge-form ng characteristics caused when the

def ordmat ingertormirRichafactéristing.rror M1 is one, 10 little by little,

with 36 kinds of adjustnment anmounts of the six mrrors. Furthernore,
the second colgpzyector [nug, nez, ..., nB62] constituting the

matrix M corresponds to an adjustnent anmount vector D necessary for

trolli flyct ' ' ' - f ' h Stk
Comn the. a2 or ISR fye TSR TR Ty, SPRERELSRALHEF AR
little, with 36 kindsﬁ%f adj ust rent anounts of the siXx

[0073] FERTSTEPRAYT I 21 AdUTtmISnG agtnhyYe Iy SRCYSRAM fongentro ':'".rg,r ﬁ‘FFE%"é%?‘S in the
constituting the matrix M corresponds to an adjustnent anount

vect or Dinmgreefoganing (haracteristico tausad when dhaidefoomatiamrathBl of theguairfos Mii isgne,
characteristics caused when the deformation rate P3 of the mrror M

I'S Ore, little by little, with 36 kinds of adjustment amounts of the six mirrors.

Furthermore, the second column vector [miz, Mz, ..., Mas2] constituting the matrix
M, corresponds to an adjustment amount vector D necessary for controlling fluctuations in
the image-forming characteristics caused when the deformation rate P2 of the mirror M2 is
ohe, Iittlé by little, with 36 kinds of adjustment amounts of the six mirrors.

15 {0073]

Furthermore, the third column vector [mys, ma23, ..., M3g3] constituting the matrix M,
corresponds to an adjustment amount vector D necessary for controlling fluctuations in the
image-forming characteristics caused when the deformation rate P3 of the mirror M3 is one,
little by little, with 36 kinds of adjustment amounts of the six mirrors.

20 Furthermore, the fourth column vector [mi4, maa4, ..., Mm3g4] constituting the matrix M,
corresponds to an adjustment amount vector D necessary for controlling fluctuations in the
image-forming characteristics caused when the deformation rate P4 of the mirror M4 is one,
little by little, with 36 kinds of adjustment amounts of the six mirrors.

[0074]

25 Furthermore, the fifth column vector [mis, mzs, ..., m3ss] constituting the matrix M;
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ITttle by little, with 36 kinds of adjustment amounts of the six
mrrors. 20 Furthernore, the fourth colum vector [nl4, nk4, ...,

nB8641 constituting the matrix M corresponds to an adj ustnent anount
vect or Dcoreesponds (o dmadigemenslamotgt Fealen B aerensaryifar congroliingntiectsiaions iy the
characteristics caused when the deformation rate P4 of the mrror M4

i's one, jrhadet-f@niyg thdradiristith thusad iieRdhe QéfoR@htion FRROPS aftHethBro?MT Rene,
six mrrors. [0074] 25 Furthernore, the fifth colum vector [m s,

s, ... t%m‘%%m%% E%BE'%fB@ﬁs%‘t%%o%ts hé O figends to an

adj ust nmen vec necessary tor controlling fluctuations in
the image-formng characteristics caused when the defornmation rate .

P5 of the mi rrgc!”qh%mPée-cS%?'Xth salymp VBgof | s) Bis. i (Mssg §ORFHTYENG the matrix M,
adj ust mrent anounts of the six mrrors. Furthernore, the sixth colum
vect df [ ndréesprfds ta an adiSEdInt @oresink vettomg nehessamtfor gomitolling fluctuations in the
corresponds to an adjustnent anount vector D necessary for

cont r ol | ir&yel-FotatinREhLAGelidlict REusetl WARAthe URTORR a6 R FAE PE OF el BRTTMERbne,
when the deformation rate P6 of the mirror M6 is one, |little by

little, w i . ad] . f j irrors.

[0075] WS’&QL@?E'%Q%@F‘G@QSF ﬁ‘!é‘g%@eé'?gﬁ'n@%&rﬁﬁt‘h%gﬁt'ﬁfé%&g rix M has

been set in such_a 10 manner that the inage-shift conponents of
fluctuations ilWO7Rk i mage-form ng characteristics are excluded from

t he subjects of control. The inage-shift conponents are an

i mge-shift cdopeveenthei valuenef dachxélsment met obthe matrixdgdeas iekn set in such a
conponent in the Y-axis direction, and an inmage-shift conponent in

the ¥ axiwfander @6t the imadélsRI&mpsHess. of flderua tibh SikttRe MhageOftlrilg arddi@istics
matrix M are limted to the main conponents except the inage-shift

components, (o 14 Q8Eol Aok RRRab LA EBRLAE S

set in advance in such a manner that the_adjusti ng_ amounts of the
mirrors FRMPORGNLI Hrephaxisdisakm animages spHt comrAInEiNA Xt ABgeion, and an

image-shift component in the Z-axis direction. In other words, the subjects of control of the
matrix M; are limited to the main components except the image-shift components of

15  fluctuations in the image-forming characteristics.

Furthermore, the value of each element my; of the matrix M1 has been set in advance
in such a manner that the adjusting amounts of the mirrors fall within the aliowable range (a
predetermined stroke).

[0076]

20 When determining the adjusting amounts Xy, Y1, Z1, 6x1, 0v1, 6z1, X2, Y2, Zz, Ox2, Oy,
022, ..., Xs, Ys, Zs, Oxs, Oys, and 0z of the mirrors using the above matrix Mi, the controlling
part 9 determines the adjusting amounts Xw, Yw, and Zw of the wafer based on the determined
adjusting amounts X3, Y1, Zi, 0x1, Ov1, 0z1, X2, Y2, Z2, Ox2, Ov2, 0z, ..., Xs, Y, Zs, Oxs, Ovs, and
0z6.

25 [0077]
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[0076]" 20 Wien determining the adjusting amounts Xi, Y1, Zi, exi,

eYi, ezi, X2, Y2, Z2, 0Ox2, OY2, ez2, ..., X6, Y6, Z6, ex6, eve, and
0z6 of the mrrors usmgthe above matrix M, the controlling part 9
det er mi nes t heWhel tetadivgtingpmeuntsXy, Yovvend Zncf Hve wifer are mgxged intmareadjpsting
the determ ned adjusting amounts X1, Y1, Z1, i, OYi, On, X2, Y2,

Z2, OX2, af¥dnt ¥&ttor Dy, -the X@justifig aﬁﬁun@(ﬁw, ‘Q)(Gandalbd ard0diquelp dk&@l?ﬂr]ed%y the
V\hen the adj ustl ng amounts Xw, Yw, and Zw of the wafer are nerged

into an &@‘F nt vector Dw, the adjusting amounts Xw, Yw,
and Zw are un| qu g:erm ned by the follow ng equation (9). [0078]
5[Egq.9] Dw = 2) (9) where Mz in the equation (9) represents a
matrix with th 8} ows and 36 col umms. The val ue of each el enent of
the matrix Mz is also calculated by an optical calculation based on
the design datl&qo?] the projection optical system6, and is stored in
the controlling 10 part 9 in advance. The matrix M2 is a conversion
matri x which copveM P t he..gd) ust ment anount vector D into the

adj usting anmount vector Dw necessary for controlling the inmage-shift

FSS?S?Q”&EG%LO i e L f’x“@, e RRERERC e,

Z1, i, X2, Y2 15 Oxz, Y6, Z6
o6, and 026 (C))Tzhwéuerﬁfreﬁeb éeaﬁat ?fﬁbem%yz&r ’E%‘@'%‘}%&Y agoamm?éﬁaﬂon

Xw, Yw, and Zwof the wafer have been determ ned, the controlling part
9 per f or basedaat nhlaIdeaiﬂjnu@tmﬁthewirojhdﬁmomarbsststm 16g and issitered Sy thencdHiteplling
4. In this adjustnent, the determ ned val ues of the adjusting anounts
Xi, ML, gdrt O advalce. The matrix M; is a conversion matrix which converts the adjustment
amount vector D into the adjusting amount vector Dw necessary for controlling the
image-shift components of fluctuations in the image-forming characteristics.
[0079]
As above, when the values of the adjusting amounts Xi, Y1, Z1, 8x1, 8v1, 821, X2, Y2, 22,
15  Oxp, vz, Bz2, ..., Xs, Ys, Zs, Oxs, Ove, and Bz of the mirlrors and the values of the adjusting
amounts Xw, Yw, and Zw of the wafer have been determined, the controlling part 9 performs
actual adjustment with the same timing as step 54 in Fig. 4.
In this adjustment, the determined values of the adjusting amounts Xi, Y1, Z1, 6xa, By,
and 0z; and an adjustment instruction are given to the mirror stage MS1. Furthermore, the
20  determined values of the adjusting amounts Xz, Y2, Z2, 8x2, By2, and 6z and an adjustment
instruction are given to the mirror stage MS2. Furthermore, the determined values ofrthe
adjusting amounts Xz, Y3, Z3, Ox3, Ov3, and 0z3 and an adjustment instruction are given to the
mirror stage MS3. Furthermore, the determined values of the adjusting amounts X4, Ya, Za,

Ox4, OBys, and Bz4 and an adjustment instruction are given to the mirror stage MS4.

25 Furthermore, the determined values of the adjusting amounts Xs, Ys, Zs, Bxs, Oys, and 8zs5 and
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and Ozi and an adj ustnment instruction are given to the mrror stage
MBI . Furthernore, the 20 determ ned values of the adjusting anmounts
X2, Y2, Z2, 8x2, OYZ, and Ozz and an adjustnent instruction are given
to the nim pdiusimenydnsiRetiorgre gieemtsr the mineordeaaerM$ e futthenmaye othetdegermined
adj usting anmounts X3, Y3, Z3, x3, OY3, and Oz3 and an adj ust nent

i nst r uct vgiesasfahg hdtj@BtincParhbents Xk, 's02 s, 84268, MrBo;saud ahatjBtmenttingruction are
determ ned val ues of the adjusting anmounts X4, Y4, Z4, x4, OY4, and
Qz4 and eR%h USk TRitrod B8 E%‘Sé.onﬁﬁ’fl‘%nﬂ?}’eeqhgod Qﬁnim—:d rvgrue§tcﬁgﬁ1)e(:'v§dljusting

25 Furthérnore, the determ ned val ues of the adjusting anmounts S,

Y5, Zs, s, , .and s gnd .32 an adjustnment instruction are gjven
Lo e PR e e M s PP ALRSERET E HEIHEr G I ER 1 (el ler Sro e

adj usting anmounts X6, Y6, Z6, 9x6, eY6, and 9z6 and an adj ust nent
i nstriuction ar@08gl ven to the mirror stage MS6. Furthernore, the
determ ned val ues of the adjusting anounts Xw, Yw, and Zwand an

adj ust ment i NSAZ HGbiuN) tAE enigbl SagéHOMSNEMSRS BIE3 Stsgevits.and NISH&Hctibd il the
result, the mrror stages M5l, Ms2, Ms3, M54, Ms5, and MsS6 function

in the j i f r i t i 0 f.fluct |0 :
in the i ESEERBF GheSRel Mg (P, PiuPRehed IROCTRR R, il HE L e liming
system 6, and the fer stage W5 functions in the irecti of . )
cont r ol | FiRgaEREst ey dhe ﬁf‘?lf‘cql%'n%ﬁé Detesn o ﬂ@dftpwafjféﬁt%‘.ﬁg fanctigns in the
according to this enbodi nent, even if conplicated fluctuations have
been cadiedionmfichetrolfing the ioragenshiit kampotents of thesflugtuatiess.pr oj ecti on
optical system 6, they can be surely controlled. Furthernore, in

t hi syenbodi menthusalacb@dmg {oh@hi€ embadingedny, kidhdF corflickteddRktakions have been
adj usting anmounts, predeterm ned matrixes (M, M) are used in

cal cul at | gng 0%, Qﬁ%g%r—fgr b ?&ﬁ@r@t bF R SERLALE opti&l ts?ﬁ& L b
determ na@'{}on TS eper or me'gl @gcsl'{a. or fﬁ exanple, {Dhepone- oorB » ey can e
processi ng (one e})((ﬂlj ustnment) shown in Fig. 4 can be perforned with
the freqidRtycurrapd humhepupreg i thinmbRdimagt Glopugh dhersrarg peany kinds (39
proj ection exposure apparatus, or with the frequency of one tine in
two or t kinde) sfebinsting aroofrds,| madéteuvinedmatrizes (M1, tNi2) aremiged frocattulagtions for
characteristics.

determining the adjusting amounts, so that the determination is performed fast. For

15 example, the one-loop processing (one adjustment) shown in Fig. 4 can be performed with
the frequency of one time per one shot during operation of the projection exposure
apparatus, or with the frequency of one time in two or three seconds, to follow fluctuations in
the image-forming characteristics.

[0081]

20 Note that, the contents of the matrixes M1 and M2 necessary for the equations (7)
and (8) vary depending on exposure conditions (illumination condition, a set-NA of the
projection optical system 6, and the like) of the projection exposure apparatus and/or a kind
of reticle 5. For this reason, it is desirable that the controlling part 9 store two or more kinds

of matrixes in advance, and use them properly according to combinations of exposure

25 conditions which have been set and a kind of the reticle 5.
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[b0811° 20 Note that, the contents of the matri xes ML and M2
necessary for the equations (7) and (8) vary dependi ng on exposure
conditions (illumnnation condition, a set-NA of the projection
optical systeniP882khnd the |ike) of the projection exposure apparatus
and/or a kind of reticle S. For this reason, it is desirable that

the controlli rugarﬂmmo&,srtﬂﬁﬁemb@diﬁfenﬂmmokgmdﬁjusmiemyrthe<ﬁﬁrri>rnstage MSi and
advance, and use them properly according to conbi nati ons of exposure

25 condi éddlﬂ%}ﬁ'.e t&htl‘maﬁ(ﬁfeﬁ%%en%ts d %é]'féﬂ'r[ég Qfth 1RE d{aﬁ{e' ﬁhﬁnéand ﬁme

[ 0082] inthis’e t hough adj ust nment

mrror s and . ad ment by r sta e WB are rforned

W 0t hol SRt the A BT OGS of B ey e ORGSRy For Sxample
frequenci es of both of them nmay not correspond. For exanple, 5 the

f r equienctheofrequgings omadiustmertiy ther mbrorsstagre M¥Bmayehe B3 toet high fiediieghy (be
frequency (be continuous), and the frequency of adjustnent by the

waf er st agRiniBusiB¥n®&hé Frequendynef adjLOERR Gy Bk Warer stage WSmfNBe $8Oto the
[0083] Furthernore, in this enbodi nent, six degrees of freedom are

added toﬁ%@ﬁﬂmgﬁfBQ%hm%QEVhFQQ Stages NBI VM52, Ms3, M54, MsS, and

MS6. Ho e reqU|re accuracy for fluctuation control of

t he i mage-for ng characteristic is low, the nunber of degrees of
freedom of par 088l the mirror stages or all of the mrror stages may

be reduced to any one of five degrees of freedom four degrees of
freedom t hr ecFuttgrmese, i this embodimentdsix wegrkes b frsedah afe addhointo dagh of the
exanpl e, when the nunber of degrees of freedomis reduced to five 15

degrees Riirrdr RGNS 1, MS2SME S aasATRIBECEnd 86, tHewdRgMaRnahe fdqRAE@ B dudacy for
the Oz-axis direction is elimnated. Furthernore, for exanpl e, when

the numbgpgldeabaes Bk iERIehinkedlESTknshd i NEPCUUSRES, & degrees of

freedom I'S recomen egree o omin

freedom of part of the mirror stages or all of the mirror stages may be reduced to any one of
five degrees of freedom, four degrees of freedom, three degrees of freedom, and two degrees
of freedom. For example, when the number of degrees of freedom is reduced to five

15  degrees of freedom, it is recommended that the degree of freedom in the 0z-axis direction is
eliminated. Furthermore, for example, when the number of degrees of freedom is reduced
to three degrees of freedom, it is recommended that the degree of freedom in the 8z-axis
direction, the degree of freedom in the 8x-axis direction, and the degree of freedom in the
By—axis direction are eIirﬁinated.

20 [0084]

Furthermore, in this embodiment, the wafer stage WS is used to control fluctuations
in the image—forming characteristics. However, the reticle stage MS may be used instead of
the wafer stage WS. Furthermore, both of the wafer stage WS and the reticle stage MS may be
used, because when the reticle 5 and the wafer 7 are relatively moved, an effect similar to that

25  obtained when only the wafer 7 is moved can be obtained.
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direction, the degree of freedomin the Ox-axis direction, and the
degree of freedomin the Oy-axis direction are elimnated. 20 [0084]
Furthernore, in this enbodinent, the wafer stage Ws is used to

control fluct yarthensors, in thieeinhadimenbrthe six wirsorastagasi MY T, dMS2, MideMe#, MS5,
the reticle stage M5 nay be used instead of the wafer stage W5.

Fur t her naWdeMsb atdasdigniel @o \Bies! thé agen Yémpakrithef flgdtiiflons St dgeinidge Adyming
be used, because when the reticle 5 and the wafer 7 are relatively

noved, a - Si sl '
s movedb i fiush AR AL ks LBk weandol thd RHePRERC I K, &l flonkrol the
mrror stages 1, M52, MS3, , . MB5, nd MS6 are assigned.,to .
contr ol eﬁﬁllyﬁ @&Pﬁ&ﬁ%ﬁﬁt‘g tBﬁﬁF‘Hé{'% i @H&’QYEH" f‘??éq'l"ﬂ%rtjeng Bk sRynponent is
characteristics, and the wafer stage W5 (and/or the reticle stage M)

i s assi gnetdiritect tmthinl Pateof theagain shivfonewispomehe asdignedhi the wafer stage WS
fluctuations. However, assignnment for each conponent is 5 not limted

to this. aHafdr thé rdtitR st@jeMHONMMAREaSe, 1Y dBSrabFSThaN@chré&s dilfReUBMAIT attitudes
stage W6 (and/or the reticle stage M5). In that case, it is

desi r abl ?Jf g%reg ngrggcfonq be %Jrﬁ’?g%%g];@ylﬁ {H'édéé(?axig Pngct%%gf]hgedcfgfé?ee%f faefedom

freedom angenent angle axi's rection, t

freedom of arrangenent_ angle in the Oy-axis direction, {he degree of .
f r eedom SfarEAnggmGERTe WfgF 8viapyis 4"{?@“%133‘(#%9@? PEFCE??C&‘F? °{alﬁ‘f6artgl'?€‘eﬂ gagle in
be added to the stage. 10 [00851 Furthernore, this enbodinment is a

vari at i othedz-dtiedireaton, ambthdilikehlvs added toltke segend enbodi nent may

also be simlarly varied. [Fourth Enbodi nent] The fourth enbodi nent

of tige presentjppgyention will be described below with 15 reference

to Figs. 14(A) and 14(B). This enbodinent is a variation of the first

enbodi ment . Fﬁ{r%é%?}e‘,’ tPH?LMJﬁd ﬁuefnft %ra%triaIiBIQ H? Eh@?ir;tiemodﬂﬂpﬂggﬂ?me second

are descri bed

embodiment may also be similarly varied.
[Fourth Embodiment]
The fourth embodiment of the present invention will be described below with

15  reference to Figs. 14(A) and 14(B). This embodiment is a variation of the first embodiment.
Here, only points different from the first embodiment are described.

[0086]
The fourth embodiment is different from the first embodiment in a method of
calculating a heat-absorption amount at step S3 in Fig. 4.

20 In the first embodiment, the influence of light (returning light) which is reflected by
the wafer 7 and then returns to the projection optical system 6 is neglected. However,
practically, the wafer 7 for EUVL does not reflect in—band light, and reflects out-band light, so
that there is a possibility that the wafer 7 causes returning light (retuning light constituted by
out-band light). [n the calculation method of this embodiment, this is considered.

25 [0087]

35



The fourth enbodiment is different fromthe first embodinent in a

met hod of cal culating a heat-absorption anbunt at step S3 in Fig. 4.

20 In the first enbodinent, the influence of light (returning |ight)
which is refl digsed 44 anch 4 Rafillustrateathe eateuationt method of tmﬁeem%eji@mﬂtoﬁlg
optical system6 is neglected. However, practically, the wafer 7 for
EUVL doep4(apkhdvdf Inebénd nghtadd butgbind ngld wisith eates thabrdjedtidnl opgithl syStem 6
that there is a possibility that the wafer 7 causes returning |ight
(retuni ight t - I ) liag | ;
et hod of TG rehagsie: i H"’@‘* (9 ol diy o] apy WGy B bRlecton
14(A) and 14éﬁ) illystr _p _8alculat|on met hod of this enbodi nent.
Fig. 14{micabiysieem p “ﬁ% §ht'%&nd out-band 1ight which enter the
projection optical system6 fromthe reticle side, and Fig. 14(B)
shows out - bandédreghibe visdagtrbserntipns ceafficitnt ferojirrdandnlighipoi che myjserei: is
6 fromthe wafer side. 5 Here, the heat-absorption coefficient for

i n-band fepglenRl BB el WWat-Mbséptioh @PERERAL BUs RYuikdlentTethat described in the
heat - absorptlon coefficient El is equivalent to that described in the
first e 490881 Furt hernore, heat-absorption coefficients

for out- of the mirror M are 10 represented by Vi and W
The heat - absorab gn coefficient Vi is related to out-band |ight going
to the wafer ( é 14(A)), and the heat-absorption coefficient Vi is
related to out-band Ilight returning fromthe wafer (Fig. 14(B)).

Speci fical |y, HRurthehoate, hbsionbidrptior cedtficienterfor Yut-beng lightt pAfhe mirrorebl are
anount (heat-absorption anobunt) which is absorbed by the mrror M

due 10 t Rpradhtedandy! Adht. gahe heaiabidtptib® cvefficentWER refateditRbhi-bindlight
out-band l'ight incident on the projection optical system®6 is "one".

[ 0089] going to the wafer (Fig. 14(A)), and the heat-absorption coefficient V/' is related to out-band

light returning from the wafer (Fig. 14(B)).
Specifically, the heat-absorption coefficient Vi (Fig. 14(A)) is heat amount
(heat-absorption amount) which is absorbed by the mirror M; due to the out-band light going
15 ° to the wafer when the quantity of out-band light incident on the projection optical system 6 is
"one".
[0089]
On the other hand, the heat-absorption coefficient V' (Fig. 14(B)) is heat amount
(heat-absorption amount) which is absorbed by the mirror M; due to the out-band light
20  returning from the wafer when the quantity of out-band light incident on the projection
optical system 6 is "one".
Thus, the controlling part 9 of this embodiment estimates the heat-absorption
amount W; of the mirror M; by applying the light quantity C of in-band light incident on the

projection optical system 6 and the light quantity D of out-band light incident on the

25 projection optical system 6 to the following equation (10).
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On the’ other hand, the heat-absorption coefficient Vi (Fig. 14(B)) is
heat amount (heat-absorption anount) which is absorbed by the mrror
M due to the out-band light 20 returning fromthe wafer when the
quantity of oul00B@hd Iight incident on the projection optical system
6 is "one". Thus, the controlling part 9 of this enbodi nent estimates
t he heat-absorjgfi po] anmount W of the mrror M by applying the |ight
quantity C of in-band |ight incident on the projection optical

system 6 and the |

i ght uﬁptTy D of out-band light incident on the

25 projection Bpril€alDk St em| 6 to @Ak foll owi ng equation (10). 36
o e

[ 00901

[Eq. 10] bV =[ J ...(10) V,. +V,." J Note that,

i nformati on necessary for this estimation, that is, information of

B =

E2" .  pNetejhat, infoymatiopgecessay for thig, eptjrnatipn,ntbgt,]vz‘nfo,rmra\'ygq.sylfg"E-l " "E2",

"V4+Vv4"' | "VS+VS'', and "V6+V6"' is stored in the controlling part 9
i n advants’, EAQIEL", "E6", t"Wi sVI'NT tM2raRI"p Y3 £VE", Vel ue4'lf "VER&5™, and "V6+VE™ is
heat - absor pti on coefficient Ei depends on the reflectivities of the

mrror Mto%ﬁin&h@;@ﬂt%l%égm9tiﬁ'%dw?r%£.r eam side than it for in-band

| i ght as 10 described in

he first enbodi nent, and the val ue of the

heat - absor pt i O@Rg?ﬂfl cient V1 depends on the reflectivities of the

mrror

M and

rrors on the upstreamside than it for out-band

light as described in the first enbodinment. On the other hand, the

val ue of the hidthisabismatipanthedaiuei ofi thathewt-abagsation coeffigigphE: dspepdreon the
reflectivity of the mrror M and the other mrrors for out-band

| i ght aneeflebivitiefdfabé minrdényM; abid thé niifrersvaf e upstream eidie-thanid foriigkhiand light as
More specific description will be given below [0092]

10

15

20

described in the first embodiment, and the value of the heat-absorption coefficient Vi
depends on the reflectivities of the mirror M; and the mirrors on the upstream side than it for
out-band light as described in the first embodiment.

On the other hand, the value of the heat-absorption coefficient Vi depends on both
of the reflectivity of the mirror M, and the other mirrors for out-band light and the reflectivity
of the wafer 7 for out-band light. More specific description will be given below.

[0092]

In this description, for simplicity, the reflectivities of the mirror M1, M2, M3, M4, M5,
and M6 for in-band light are uniformly represented by ain, and the reflectivities of the mirrors
M1, M2, M3, M4, M5, and M6 for out-band light are uniformly represented by agu. In
addition, the reflectivity for out-band light of the wafer 7 is represented by b.

Hence, the heat-absorption coefficients E1, E2, E3, E4, E5, and E6 are represented as
follows (likewise in the first embodiment).

[0093]

El=1-ain
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I'n thi's description, for sinplicity, the reflectivities of the mrror
ML, M2, MB, M4, Mo, and M6 for in-band Iight are uniformy
represented by a;n, and the reflectivities of the mrrors M, M,

MB, M4, Mb, arfR=wh Kofl-awkt - band light are uniformy represented by
aout. In 20 addition, the reflectivity for out-band I[ight of the
wafer 7 is rema&ae,ntmd]ta(n)b. Hence, the heat-absorption coefficients

Ell, E2, E3, E4, ES, and E6 are represented as follows (likewise in
the first enbgginest,) .q 931 El =1 -ain 37 E2=a;,, x (1l-ain)
E3=afn2 X (1- g@nj)gﬁ' (rf%QX(l am) ES=a;n4 X (l-ain) 5 E6=aln5 X

(1-ain Furth Ig heat - absorption coefficients VI, V2, V3, V4,
V5, and V6 ar rae‘pr 2dLnd as fol | ows (l'ikewise in the flrst

enbodi ment). [0094] V1=1-aout 10 V2=aout x (1-aout) V3=aout2 X
(1-adut) Va=dhs®® X (1=aldur) V5=aout4 x (1-aout) V6=aout5 X

(1-gout) 15 Furthernore, the heat-absorption coefficients V6', V5',

Va', V3', V2',Fatfdridbre, ah€ heraﬁ-&b%r@ﬂbﬁdco@ﬁ" ciepitd oM S ivE) ‘MNEVS and V6 are

reflect|V|ty b of the wafer. 100951
represented as follows (likewise in the first embodiment).
[0094]
V1=1-aou
10 | V2=aou X (1-aou)
V3=aom? X (1-aouw)
V4=aou® X (1-aou
Vi=aou* X (1-aow
V6=aou’ X (1-aow)
15 Furthermore, the heat-absorption coefficients V&', V5', V4', V3', V2', and V1' are
represented as follows using the reflectivity b of the wafer.
[0095]
V6'=aous X b X (1-aow)
V5'=aou” X b X (1-aouw)
20 V4'=ag,8 X b X (1-aow)
V3'=aow® X b X (1-aouw)
V2'=aou'® X b X (1-aouw
VI'=aou!! X b X (1-aow)
Thus, in this embodiment, not only the values of the reflectivity aj, of the mirrors for

25  in-band light and the values of the reflectivity acu: of the mirrors for out-band light but also
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V6' =aout6 x b x (1l-aout) V5' =aout7 x b x (1l-aout) 20 V4' =aout8 X b x
(1-aout) V3" =aout9 x b x (l-acct) V2'=aoutl x b x (1-aout)

VI'=aoutl x b X (1-aout) Thus, in this enbodinent, not only the

val ues othetviaduer eff § dteﬂ%thvév of e wafer fifer evtsbangt lighimaffast gl heatraftsorption
and the values of the reflectivity aout of the mrrors for out-band

l'i ght buimahmoequdBioh (0N alCurseafuehine dcebldari to/thiy ebnbaldirhée, Watwatignsd B the
out-band light affect the heat-absorption anount equation (10).
Conseque . Egggﬂ ons in the

i mage- foﬂn%gﬁgfogﬁg%%ag%tésr% |t 'ggh%an e ,(‘:({)nﬁgmcfrg S&F rrr%k? kj accurately.

[0096] 5 Notﬁ bggb the value of the reflectivity b of the wafer 7

is assunmed to 8 nporally unchanged, but may vary according to the
kind of the wafer 7. For this reason, it is desirable that the

cont ol | i ng paieteghifathe value ofthgaeldctivity biof thehwateq dds assumerstogbe temporally
vari able (parameter). Thus, it is desirable that the projection
exposur eurdhanged, bat Aay VivyScesTangito R kihavethefviifer 2X FaPLHs redsels @fis desirable
interface function allomjng a user to input the value of the

reflectiyity, éjcor‘?[ﬁﬂl& | ty Pgatthtné val é”&?t' 'Oﬂ t]?@ngﬁ&?)&{s £¢l UﬁjidAbéﬁ (p_?hameter)

neasurlng t ere romt provi

sensor nsi sts . for npl e, ht enlttln rt.em i

out - band Myt 5 ‘feé"ﬁ%!Ftth?:‘r Hekacinsion of OS] 2PN Ol thiser wa"%m pave, for
detecting the light quantity of the reflected light. In addition, if

an aver ageampleue user. igpterfacy fundtionhallomdnd eotser ka ynout ithe yalue ed the reflectivity b.
default value in the controlling part 9 in advance, it is also

possiihl eins@ad ayhid AMefionfa sehsorastially ARESuriig thb eefletBvigo £1a the wafer 7 may be
measurenent. [0097] Furthernore, this enbodinent is a variation of

the fir SLro%lli‘%BP“ W@genSMnEE& osf?ﬁ)(?@Qample, a light-emitting part emitting out-band light

to part of the wafer 7, and a light-receiving part detecting the light quantity of the reflected
light. In addition, if an average value (e.g. 0.7) of the reflectivity b is stored as a default value
in the conti’olling part 9 in advance, it is also possible to save labor of the user input or the
I5  actual measurement.
[0097]
Furthermore, this embodiment is a variation of the first embodiment, and the second

embodiment or the third embodiment may also be similarly varied.
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embodi nent or the third embodi nent may al so be sinilarly varied. 39
CLAIMS 1. An exposure apparatus exposing an object to be exposed
with light emtted froma |ight source, said exposure apparatus
conprising a detecting unit detectingCi\@Ht quantity of 5

non- exposure wavel ength conponent of said light. 2. The exposure
apparatus according to claim1l, wherein said detecting unit detects
| i ght quantity of exposure wavel ength conponent of said |ight and

light quantit YA@LXH%EF%%%E%IH% ‘é)é pYﬁd Eﬁ'gﬁﬁcpﬁr%o Ee@tvitﬁﬁf%ﬂa!a%gméi from a

i ndependent | y. aratus according to clai

conprisipg: 10 a projection optical system ajranged hefween jd -

i ght soltitsoured. i BXRASHE R s comRAYEE - delrting pnilfelecting Jobayantity of
adj usting said projection optical system based on an output of said

det eck i ngonnexposufe wikelerath sempenaptsaidlighéiccording to claim 3,

wherein: 15 said projection optical systemincludes at |east one

mrror; and atTHe@gosarCaar&ublae&dr8ingQolgaimd] Uskadinbiaid de@casl uhit idagcts
unit is a position of said mrror in a direction perpendicular to an
opti cal [,S . r t ﬁgﬁ 1eNg.:1 O i 4
wher ei n: ﬁﬁ“staf"é;"ﬁ'rtgj%gc I o%ﬁ%ptﬁfaggpﬁitﬁs em ngliE S&Jegalgﬁqué:és@ ;ﬁﬁg{ quantity of
mrror; and 20 at | east oge of the subje%%s_to be(;ﬂ&usted by said

adj ust i nBRRIEXPOYE YRVEERG P GaRPEReRLAf Faldiight fidepgndepliy. exposur e
apparatus according to any one of clains 3 to 5, wherein: said

proj ecti dn opt Thea¢xpogateapppratjieadcording b ¢leirm1 of 2acoragiisivg:r anged on

said light source's side onto said object to be exposed; and 25 at

| eastg one of tdprojattioR ©pticdl Qyfiemaangbe Betieehdhid IRk YSlrc@andIBdiE obfecto be
relative position

exposed; and

.a
9

an adjusting unit adjusting said projection optical system based on an output of said
detecting unit.
4, The exposure apparatus according to claim 3, wherein:
15 said projection optical system includes at least one mirror; and
at least one of subjects to be adjusted by said adjusting unit is a position of said
mirror in a direction perpendicular to an optical axis.
5. The exposure apparatus according to claim 3 or 4, wherein:
said projection optical system includes at least one mirror; and
20 _ at least one of the subjects to be adjusted by said adjusting unit is an attitude of said
mirror.
6. The exposure apparatus according to any one of claims 3 to 5, wherein:
said projection optical system projects a pattern of a mask arranged on said light
source’s side onto said object to be exposed; and

25 at least one of the subjects to be adjusted by said adjusting unit is a relative position
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40 i b between said nask and said obj ect to be exposed. 7. The
exposure apparatus according to any one of clains 3 to 6, wherein:

sai d proLection optical systemprojects a pattern of a mask arranged
on sai d bé¢tyRen sajdumask'agd spideohiert &0 baeypessfdect to be exposed; and 5 at
| east one of the subjects to be adjusted by said adjusting unit is an

attitudezof atThd &qobuerppafatEtaddo sk tady aridf ctiheGtio oo wihere@rikposed.
8. The exposure apparatus according to any one of clains 3 to 7,

wherein: said 3 ' ] [ o [
havel ength corsuhERpcaPniSitical FuEr) Pt AP e AR, bF ¥ RLCHPARA On sald light
non- exposur e wavel ength,c onent of said |ight independently; 10

and sai dSHiFSSPIdRGNETAId Hgggii'tﬁi xposedi@fy v “out sai d adj usting,

adj ust ment contents of said projection optical system based on |ight
quanti ty of saidtdeaskpoe of thensubidcinip be adivstpd hysaid ddjeminagudtis anyatigpde of at
sai d non-exposure wavel ength conponent, characteristic information

of said pagjdRldfRRIdARLIKEd SbEbIEai8heSXpdsaikposur e wavel engt h
conponent, and 15 characteristic information of said projection

opti cal gyst erﬂ'l{eoéxp%iliu% %Qfa??(sggcépfacﬁﬁ &X&&Q%f%la@ﬂ%&gﬁgbhe%n:—rhe

exposur e appar atus "accor di ng erelrn, sai tecting unit

i ncl udes at Ie%a% two of th detﬁcéiqg unitP, which are a first )
detecting uni tSahBLECting Wit fefgcts Hpatquandity pfpopye yyarelsagty GpRoRr Rt of said
projection optical system 20 and a second detecting unit whose

det ect i nlighsl®nddight guantighof adn-exppussivagelsedtt compjosenti afrsaiddpghit dndlependently;
system and wherein said adjusting unit: corrects characteristic

i nf orgmat g of said projection optical systemfor said exposure

wavel engt h conponent based on light quantity of said exposure

wavel engt h said adjusting unit determines, to carry out said adjusting, adjustment contents of

said projection optical system based on light quantity of said exposure wavelength
component, light quantity of said non-exposure wavelength component, characteristic
information of said projection optical system for said exposure wavelength component, and
15 characteristic information of said projection optical system for said non-exposure
wavelength component.
9. The exposure apparatus according to claim 8: wherein,
said detecting unit includes at least two of the detecting units, which are a first
detecting unit whose detecting object is light before passing said projection optical system,
20 and a second detecting unit whose detecting object is light after passing said projection
optical system; and wherein
said adjusting unit;
corrects characteristic information of said projection optical system for said
exposure wavelength component based on light quantity of said exposure wavelength

25 component detected by said first detecting unit and light quantity of said exposure
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25 corfponent detected by said first detecting unit and |ight quantity
of said exposure 41 wavel ength conponent detected by said second
detecting unit; and corrects characteristic information of said

pr oj ect i wavedgndtle spmpgnrans detesteddni hid speand dptssting upigvandengt h conponent
based on light quantity of said non-exposure wavel ength conponent

det ect ed by satdirectsr shadetedietic nafownatiorand baighprojactihi bpical systeeh fbr said
non- exposure wavel ength conponent detected by said second detecting

uni ¢ o nor RSpBROSHERIGRERGrBRF athd bt Gkt il b YaidHehCbibosure

characteristi I nformatiron of 'said projectio I cal” system

i ncl udes each of absorptiqgn coefficients o opt i cal rs in_sai :
o et BRVITIENE £OTRPERAetested iy Saith i reete i it Sac Lok gy lp of said
any one of clains 8 to 10, wherein said 10 adjusting unit reflects

i nf ordmat hemrexbouitre wef¢ierndth wompooéntgisiterterbpe said secdnd detgrdivadinitor sai d
non- exposure wavel ength conponent in said adjustnment contents. 12.

The exposgre apparepusuracappathiid hecobdifg Mol lolajiilrd her o¢ ondreini RBardcteristic
detecting unit detecting reflectivity of said object to be exposed

for said; = exno - : e -
appar at L ERER Ao PRt bGrcal BERARCRenutls sheh, ol AEn BT Yo EMctents of
detecting unit cqﬁgijses' a,sensor for exposure wavel ength detecting

i ght quoRlisa {pestbessigsaid erojgstian eRtitah sY®®Rponent of said light: and a
sensor for non-exposure wavel ength detecting |light quantity of

non- expodiw e Dk wapesuengphamatysparterdingfto sanydons ghtclaimg. 8 Thd Ogwyhesein esaid
apparatus according to any one of clains | to 12, wherein said

det exd i ngdjusting uRie IreRiRss inforpRADAraboat réReaVity 6f YA Abfitgtd bdab@etddebr said
one of light quantity of exposure wavel ength conponent and |i ght

quanti ty, of_ 9885 RASHE fgth L FpRRGA  n CUIRRAR M AT cotdils.

12. The exposure apparatus according to claim 11, further comprising a detecting unit
detecting reflectivity of said object to be exposed for said non-exposure wavelength
component.
15 13. The exposure apparatus according to any one of claims 1 to 12, wherein said
detecting unit comprises:
a sensor for exposure wavelength detecting light quantity of exposure wavelength
component of said light; and
a sensor for non-exposure wavelength detecting light quantity of non-exposure
20 wavelength component of said light.
14. The exposure apparatus according to any one of claims 1 to 12, wherein said
detecting unit includes:
a sensor for specific wavelength detecting one of light quantity of exposure
wavelength component and light quantity of non-exposure wavelength component of said

25 light; and
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25 Iig%t; and 42 a tr a sensor for all wavel engths detecting |ight
gquantity of all wavel ength conponents of said light. 15. The

exposure apparatus according to any one of clains 1 to 12, wherein

said detecti ngsensof faral wadelsngths detestirplightsuantity ofiall wregiendib cempangrds of
of detecting light quantity of all wavel ength conponents of said

| i ght; asgddightM tching unit sw tching wavel ength of an incident |ight

on said sensor for all wavel engths between at |east two of exposure

wavel enggh, n n : | @n X .
xposur o' Appar oo FRARMGNSEcoraRGoranly oHEKFIRRRLTE 1o iRy piherdi i

id i r ' n EW ligh rce. 4
said Iggttatect?r?guur(\:i?inlc ud%s: UV Tight source 3

5 a sensor for all wavelengths capable of detecting light quantity of all wavelength
components of said light; and
a switching unit switching wavelength of an incident light on said sensor for all
wavelengths between at least two of exposure wavelength, non-exposure wavelength, and all
wavelengths.
10 16, The exposure apparatus according to any one of claims 1 to 15, wherein said light

source is an EUV light source.
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