t SPECI 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 (EUVL) using an exposure wavel ength of 50 nm or

| ess. 10 BACKGROUND ART [00021 AnSRECtH@O®IMONexposure 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, in patent docunment 1, a system (Ilens

adj usting system is disclosed pf@gtme PPAR%Tught guantity sensors

on an upstream side and a downstream srde of a  projection optical
system estimates fluctuation anounts of the characteristics of the
proj ection optical system based on the outputs of the light-quantity

sensor the pr oj ection optical systemso as to control
t he flgct ?gg.ﬁ@h is desirable that such 20 an adjusting

system be mcor&}&pat ed aI so in an exposure apparatus for EUVL which

is a next-gene ibn exposure apparatus. Patent Docunent 1: Japanese
Unexam ned Patent Application Publication No. Hei9-36018 Patent
Docunent 2: Japamesprebiexdmicntch Pellaed Wppdn calposure Pulpbaanisi Qi‘ppNQi to a

25 Heil 1-16816 1 at DSCLOSUREOFTHEINVENT 1 ON
photolithography, such as to an exposure apparatus for 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 downstream side of a
projection optical system, estimates fluctuation amounts of the characteristics of the
projection optical system based on the outputs 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-generaticn exposure apparatus.
Patent Document 1: Japanese Unexamined Patent Application Publication No.
Hei9-36018
Patent Document 2: Japanese Unexamined Patent Application Publication No.

25 Heil1-16816



PROBLEMS TO BE SOLVED BY THE | NVENTI ON [0003] 5 However, the

i nwent or's 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 exposure apparatus for EUVL, a special mrror for reflecting
EW | i ghtoscadsiRetorgawWvERTIoNavi ng a nultilayered filn) is used,
and the like. In that case, it can be 10 considered that it is

di fficult pgossirn 78t sbh e garvizemanmin s of the characteristics of a
proj ection optical systen1fron1f|uctuations in the light quantity of

exposure |ight (Rg It is therefore an object of the present
invention to pré an exposure apparatus capable of accurately

grasping characteristic¢c f]luctuations of an _optical syste cau ed b
TSP A ot on. HEMevr Hre M ORESEE e BOIVEREST SR Tt s 2
First, the inventors of the present invention took the follow ng

ci r cunst arkessibilipethal ithe adiusting wxisos dpes agipenesttaformaliyewben fitis applied to an
consideration. 20 [1] Froman EUV |ight source, non-exposure

wavel engt rexposye apprrstus faklVband id. | Gihd Jeasoreis elmtatspecialiightishutrdediar EldvL (EUV
exposure wavel ength conponents (in-band |ight) (the exposure

wavel engt NighOBRAEH NS Gsealif ahldpbd GO hppaRtds FHEUVRNa SYRME WilfroWRY SIRREEJEUY
conponents are extra ultraviolet light, visible light, infrared

l'ight, et QIg)nt (r&f%]ctnllé mklPck Pﬁgga aheﬁ@aﬁt{é@l" G isliRed, 258 the fillel T ﬁnrtﬁatl?:hgéc ltlcB¥be

out - band light. However, t ters nust be |nserted on

UpSt rq?m ac%n%fagreasth %% gkfﬁCLpp?% sq‘ma ?%Itu%gxg‘{%n aI'I'L[OHZ{Slf? | Cth%%r gerzstrlcs of a

the il T'um natron op case rea8r
That o durPIBFFPRRF a?%%%&?méﬁh?@ﬁ% therBhEs vt B g
mul til ayered f|In1used in many optical systens
[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 foilowing circumstances
peculiar to an exposure apparatus for EUV into consideration.
20 1] From an EUV light 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 ultraviclet 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



for EUVL reflects not only in-band |ight but also out-band light. 5
[4]> There is a high possibility that the light-quantity ratio between
in-band light and out-band |ight fluctuates according to the
operation status of an EUV |ight source. [0006] In view of the above
ci r cunst arigtegratart ofitbe ithdénstoncmbtichialystam).| dashatichsd, shaibes aee yximed to EUV
detect in-band light and out-band |ight independently in order to

accur at el Viight BSfhg d RitRaly *e§€NdiEGusniit),UstiHatd ANShiRk preblRtlsal system
for EUVL. For this purpose, the exposure apparatus of the present

invention is chgjact ef igRekild [rf'cneﬁavzﬁg aef?lﬂﬂﬁ%r PP@E&F:H%&@%%E{I%Z&S}M

object to be exposed wth lig emitt ron1a source 1 nc

a detecti ectin i quan no osure wavel ength
conponentqg¥H3hJeﬁ£ciP°t°fg' ﬂ%ﬁ?fggﬁ% k% 8%4ﬁﬂgﬂﬁ?$ preferably

detects light quantity of exposure wavel engt h conponent of the |i

and |i§ht quant f‘ﬁy of Thighis@aisrpsel MPEHQ!'Q"‘C%W&%HE'OB?W”Leﬁ'e'“‘lﬂ?@dtght
i ndependent|ly. Furthernore, any of the exposure apparatuses of the
present i rand mtlﬂhhﬂmph@lﬁe'hlamapes agepriing teithesoparation jstatys efrandiplvi livht sayst em
arranged between the |ight source and the object to be exposed, and
an adj usting unitooélj usting the projection optical system based on an
output of the detecting unit. [0008] Furthernore, the projection

optical system g @bwhdBleyatiole cielfstaicel Qﬁﬁturfa@%téﬂdrt'hﬂf at le#5? it48 Predssary to
| east one of subjects of to be adjusted by the adjusting unit is

pref er abl Yde chﬁ'ﬁaninlﬂ gnd’ ohp%a "ight ||1 ngér{tfirc[ | ngeqe{oo?ip&frﬁglk(aérasp

to an opt|ca axi s her nore, e proj ection syst
prefe bly,inc Ieast one of

P ciBY YpaBteHdRn B0 a@%’cwﬁﬁ@ RS Drarer ooy an

attitude of the ) )
For this 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 otie mirror,

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



mrror. 5 Furthernore, the projection optical systempreferably
projects a pattern of a mask arranged on the |light source side onto
the object to be exposed, and at |east one of subjects to be

adj usted by the adjusting unit is preferably a relative position

bet ween t Hhe mirsdr inadiiretiion plypadicutap than eptiabads. [ 00091 10
Furthernore, the projection optical systempreferably projects a

pattern of a naskrtherfbed) IR pRIkctibe opiiG bysSOH ede@bRan@Ma 4t MisPBhERirror,
to be exposed, and at |east one of subjects to be adjusted by the

adj usti Ng JBiat lebhsi oRE 6f Kbl Mo BB adfubdel BQ%IeOde&EigJ; 5@1’? % g?é}@ragl:}lf ﬁ?}[&ﬁit”@é&‘f the

and the object to be exposed. Fur%ﬂﬁer nore, th I ng

pr ef er abl Yni %ects | ight quantity of exposure 15 wavel ength

conponent of the light and Iight quantity of non-exposure wavel ength
conponent of thF | i ght independently, ﬁnd t he adjusting unit

preferably det eFHiRfRERIOre Sherojsrtion,aptiqa aysini pisieraply PARIFEIS RrRdtiern of a mask
contents of the projection optical systembased on light quantity of

t he expos@anggd/en dwdicht suwgsovidanmnto thegitedytambe £xposed, antl at lrast-con pd suhjects
wavel engt h conmponent, characteristic information of the projection

opti cal syebemljusted bhthe2@jsiipoanit B preferabiragelatieorgzniog b twei @he mask and the
characteristic information of the projection optical systemfor the
non- expos Which\aMsd &fpgtdd, conponent. [0010] Furthernore, the detecting
unit preferably includes at |east two of the detecting units, which
are a first det hNg unit whose detecting object is the |ight before
passing the 25 projection optical system and a second detecting unit

whose ﬁet ecting ject is the.ljght .4 aféer ssjng the projection
opt AP cyst em "0t R Tt e b ek Pl ariae & R of Tmask
characteristi ceéjnnf rrir,aEi on of J he (gr oj ection optical systemfor the
exposur e REFBIENYL tre ligBhryperidanide therbigt thbe eppaned.apd gt lepgione of subjects
exposure wavel ength conponent detected by the first detecting unit
and |i ght tgbandiusied by thtrediutingsitds reeferhiziv gn attisudeofi feastieneceftthel mayk and
t he
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 guantity 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



5 second detecting unit, and characteristic information of the

proj ectifon optical systemfor the non-exposure wavel ength conponent
based on light quantity of the non-exposure wavel ength conponent
detected by the second detecting unit and Iight quantity of the

non- expos Wfler wassihae g rejestisonenticald estan,edndhthe ladjusidnm midit derefecaliln gorrects
unit. [0011] 10 Furthernore, characteristic information of the

proj ect i orchajattetistic Bifetetiopraff e gabj¢ctidnN6htitde Systas fopthabgodspkd Qavelength
coefficients of optical nenbers in the projection optical system

Fur t her mor@mpbhéntadbdibdn Nghtubktit) 08t SipbYurk Sldaedgth IcBiAb Rk ldeR AR Wylthe
reflectivity of the object to be exposed for the non-exposure

wavel engt | ; i ,

iy of | tha"Saseat b Sl Gu By 5} A Yoo iR ARl ot Bkl Rl gy e
include a detecting unit detecting reflectjvity of the object to b
expose  GPeTeelatn dnhadBe Bl etsrohbh Proig et Spica system for the
Furthernore, the detecting unit may include a sensor for exposure

wavel engt Hion2expgeirec wayrlenothy roempaasht pgsedf oaxlighsuneaniiiy «f ethigt hon-exposure
conmponent of the light, and a sensor for non-exposure wavel ength

det ect i ng wavefhbgthummindonyniofletaded by the treondadakaigt Wnit ang dignh juamfty tolfighe
light. Furthernore, the detecting unit may include a sensor for

speci fic wawedh@ogirs walgbfsth icoBpbigbtetgtaa b ihe fkomKkdassng ummvel engt h
conponent or non-exposure wavel ength 25 conponent of the light, and

a sensor for aljgowayel engths detecting light quantity of all 5
wavel engt h conponents of the light. [0013] Furthernore, the

deteckbna vt e 5 BRl el | b BRI RO e
o3 S SRS e SULLCH RS SeE shgt oLl o LS S0
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
hoh-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 compohent or nhon-exposure wavelength

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



of exposure wavel ength, non-exposure wavel ength, and all wavel engt hs.
Furt hernore, the light source may be an EUV |ight source. EFFECT OF
THE INV ENT I ON 10 [0014] According to the present invention, an
exposure apparatus capable of accurately grasping characteristic

f1 uct uat i oveyelsfigthrcouprieous obihetight. caused by irradi ati on heat of |ight
is realized. 15 BRI EF DESCRI PTION OF THE DRAWNGS (0015] Fig. 1 is
a schematic confg(giati on di agram of a projection exposure apparatus
of the first enbodinment; Fig. 2 illustrates in detail where

l'ight-quantity $§ﬂ§é?ﬁr%re12h@<§@ec¥l$ngqnﬁ @éﬁﬁ&%& s:?rQoFfog§ll vﬁ(r@}éd'lg%ﬁkdca%ﬁﬂé of

illustrate the conflguratlons and detectabl e wavel ength ban

l'i ght - qua%e#éc%nﬁqﬁﬁp éﬁﬁ\rﬁgy %Pqu,gmaagele cgm{r?%ngnt];lo(?v{[hg W‘a[ﬂ? ?nf th swnchmg unit

operatlon 0 mrror adjust
syste 6 |IIustrates

to 5 |IIu ate ste

step 5 Wag 3%*" 'htﬁngét ﬂ'amerfﬁﬁﬂé‘"cﬁ“ %gwghﬁmﬁ%ﬁ& Fag two
sensors 12 and 13; Fig. 8 is a schematic conflguratl on di agram of a
proj ect i orPf€XpessitR wavginpgtha nors-eypogire wavalgngtlo mpd dll wavelengthy. 9
illustrates a variation of a sensor part; 5 Fig. 10 illustrates
anot her vari at i burtlfrmares éeslight paurte may ge ad EUV lightsbuedees still anot her
variation of a sensor part; Fig. 12 illustrates the degree of freedom
of stages of a third enbodinent; Figs. 13(A) and 13(B) illustrate a
met hod of determ ning adjusting anounts of the

EFFECT OF THE INVENTION

10 [0014]
According to the present invention, an exposure apparatus capable of accurately
grasping characteristic 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 52;

25 Fig. 6 illustrates step S3;



third enbodi ment; and 10 Figs. 14(A) and 14(B) illustrate a method of
calxcul at'i ng heat -absorpti on amounts of a fourth enbodinent. BES T M
ODEFORCARRYINGQUT THE INVENT | ON [0016] 15 [First

Enbodi rent] The first enbodi nent of the present invention will be
descri bed bel owrigi ¥ bhovesfar sxaoele hayirgi tge.of make light-dyankity psand2and TRj s
enbodi ment i s an enbodi nent of a projection exposure apparatus for

EUVL First, therigoais fithainatilcdifighiffion iRighih bPA pRYERIDH leRpSHURAL HakSus of a
will be described. 20 Fig. | is a schematic configuration diagram of

the proj eqhifp BiRRARHSR: apparatus. As shown in Fig. 1, in the
projection exposure apparatus, an irradiating apparatus 1, an

integrator of regfl { condense mrror 4, an optical
pat h bendi ng m E’Pogﬁ%f@%es X? "a% nOf f3rer Eargl ng type 5, areticle

st age , a proLec notlcal systemof reflecting type 6, a wafer
7, a vvg/ser st agE'9 '?HS 25 YOtEVadatonPf AsersaRPai 8, 1ight-quantity
sensors 12 and 25 13 etc. are arranged, and the driving portions of
t hem are conneckigd! W'fﬂﬁfﬁe%ﬁﬂhaﬂetherMquﬂanpfgseﬁomaﬂ.conm sting of a
circuit, a conputer, etc. The reference nuneral 100 in Fig. 1 denotes
a vacuum chanbEig. Tbﬁluktmes' they dagtee of fredonopi stagds gf atthisd efbbdiment;
projection exposure apparatus in a vacuum [0017] 5 The irradiating

apparatus 1 is pigsli kg 13R)ANIARES a RhdfdtPot deﬁgﬁmﬁiﬂgrﬁﬂshﬁg‘ﬁﬁbﬁh&ﬂcﬁ the
a kind of an EUV Iight source, and a collimator mrror From t he

| aser pl aq é,hg 5{;@ la, EUV light of the wavel ength of 13.5 nm
which is - Jﬁ? , and out - band Ilght of the other wavel engths

are e%t t ed LI l%%)lapﬁgt {% e trar%e a me d dqlcglgﬁgtlljlg;l Ige%—a géjrrbﬁgn Lr%ounts ofa

passes t hrough

fourth embodiment.

35 T MODE FOR CARRYING OUT THE INVENTION

[0016]

15 [First Embadiment]

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 projection 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



10 mirror | e, the integrator 3, the condenser mrror 4, and the

opttsi cal 'path bending mrror Min this order, and then illum nates
the region to be illumnated of the reticle 5 evenly. Light
reflected by the region to be illumnated of the reticle 5 enters the

proj ect i ofongistingad! & giseuitmaccomjuddl 8fc. | Fhe rederpnay rwnerah 10ptn Cl 1sdesotan a
6, a plurality of mrrors, such as six mrrors M, M, 15 M3, M,

Mb, and Mvaaruen etapibagfod keddighdll ofelid gfticaichakhs df e projetwdin dMposivR appdiatus in a
M4, Mo, and M forms a reduced inage of the reticle 5 on the wafer

7. The redugpsh.i mage is a reduced image of a pattern formed in the
region to be illumnated of the reticle 5. By the reduced inage, a
region to be ex ﬁ?ﬂ on the surface of the wafer 7 is exposed. [0019]
20 Di stances between the mrrors M, M, M, M, M, and M

(positions int optjcal axis directions.pf respectiye mrrors),jp,
the pr 8 ecti on o FadaRy apdiaes Llssablonanr i pdtrenpapmeloepige 12 which s
adj usting nmechanism 8. An instruction for the adjustnment and

adj ust i ng kiWimnEUV(light sautrea gnd asallimatasimirres he c tFrara thy leperndasims lighesource
optical axis directions) are given fromthe controlling part 9 to

t he m rr orlaakj\ulighit 0§ thesvdvelrhgtino8 1 3 Fhus whichés inrbayel ight,randguBand light of the
characteristic of the projection optical system 6 can be adjusted. 8

Here, to eaiehwalelthighOpticaatedsystens in the projection exposure
apparatus, a characteristic for reflecting in-band |light (here, EUV

light of the wapigh€&dild Hont thedlaliNplfam [iﬁ?@%r@ggg(%asﬂeg UL Y @Jllirnaécor

each of the mrrors in the integrator 3, the condenser mrror 4, t

3
11520 EPRShIR 8 I S0« 0 B b s

rojection optica
are direct, incidence .type mrrors the light incidence an kss of .
whi ch ar e s SEer %X&Eﬁwa@é theregiogyto erfihlmsnﬁz%geq'}éﬁe Fetltl § evan nbight
on the reflectin% surface of each of the mirrors. Themulti |ayered
filmis fdeflasteddy the reionigbe ilyminatedefithe veticle Sieatess tie prejestioneatipl system 6.
nmol ybdenum (Md), silicon (Si), ruthenium (Ru), rhodium (Rh), silicon
oxi des, and thel[00ilRE. The reflectivity of a mirror on which such a
mul tilayered 10 filmis formed is, for exanple, the order of about 60
to 70 % for in-kanepldj@fiibn optichl Y3 60@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 to the mirror adjusting mechanism 8. Thus, the image-forming

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



of about 80 % for out-band light. [00201 Next, the light-quantity
sensors '12 and 13 will be described in detail. As shown in Fig. 1,
arrangenent places of the light-quantity sensors 12 and 13 are in 15
a lumnous flux illumnating the reticle 5. The arrangenent places

are shown in detieiel tbreakh gpf th2. cptimalFsygtends in hige pysibaionEexperoteespmratus, a
region to be illumnated of the reticle 5, and the synbol E denotes

a transf erchigieARicoor FdflectitinBddight (herd, ERPRHIR of tRIWARIdrGtiRof EUS 8M) has
which is projected onto the wafer 7). The region to be illum nated

E' covers y.be 480, e1Pfariifa érﬁgﬁf?ﬁ%ﬁﬁ%rg% Fhe iARYrdtSr ?,ltl_bLgQélrllg]cy n% rrgfr?ré)r 4,

t
r
than the transfer region E. ght-quantity sénsors

region £ fhe T7ght “qlant I tys | |
|11 i nat S0 BPREheA R Ko MO 8P H i 5 o aEB s . MRSGT e gt o

E. The_li Eg- yantity sensors 12 and 13 arranged in_this place are
able t8 nof PEVCHAR °¥P@iﬁvmrﬁ FRvIbin Ha. brﬁr%glﬁ%‘:tﬂm%@"@%ﬂﬁ’g raigropse fight
wafer 7 without influencing the |um nous flux. [00211 25 Figs. 3(a)
and 3(b) iindidesce anales ofaviiemitie dess dhdrotis degreesd et dut alvhuitibpared Elngistformed on
bands of 9 4 | the light-quantity sensors 12 and 13. First, as shown

on the | efthe eileaingfsuffag: of 84ch) of thd@irtorg htThg naultilageye SRRSO Fordédbg Stagking two
wavel engt h-selecting filter F provided on a photoelectric conversion

el ement SAr midi€ madtHllPsY, Rsitdxhmpled MORLIALAIM QUEBMEo>@N) SitRenium Rw), rhodium
phot oel ectric conversion el ement which consists of a 5 silicon

phot odi 0dggy)elifcon ﬂﬂﬂessmﬁ@ hée9 hﬂggrfe{uﬁ%ﬁmi g ;,ﬁ,w In Whith 1BY §'ali@ihyLred

band. The  wavel engt h band sensed el'ectric conversion

o TR B S BHGR R e T g s b A 25

filter Fis made of, for exanmple, zirconium silicon, or the |iKke,
and has ©F 8PRti0%% for pyt-Bandlightt h respect to in-band Iight while

bl ocki ng out-band light. Thus, the 10 light-quantity sensor 12 is
able to detect t0®&01ight quantity of in-band |ight only. The

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



detect abl e band of the light-quantity sensor 12 is, for exanple, as
shown wi'th the synmbol E12 in Fig. 3(b). The curve in Fig. 3(b) is an
exanpl e of the em ssion spectrumof the |aser plasma |ight source
]a. Actually, the em ssion spectrumis not necessarily as this curve,
and fl ucttbmligis-qurotitydengprs 02 bk 1dperati ng status of the laser plasna
i ght source 1 a. 15 [0022] Furthernore, as showi on the right side

of Fig. 3(a), thest| agblioviliantthé YefSCREWT Flg (b)) hd Uight-quathi|} 9&1s8ERIKas a
conversion el enent SA having the sanme characteristic as that used in

the Iight v&va@ﬁg{tayse&@w;ﬁnéﬁr J,:ayiged tdha | Irgtarddan b ¥ rs ngg&gﬁﬂ.@sh.s The

able to detect the sumo t he ht quantity of out-ban t and
the light gquantity of in-band light. The detectable 20 band,of the

[ ght - Suaip g st cBvet o aBinent S o prtGe SGHE G A et ey spifts of
E13 in_Fig,, 3(b). Next, the mrror _adjusting systemof the

proj ecti o "'é%&i’gHWQ'OSEpSVatW wnses B&'t e’ SHfistantly vode yjavelongti hand, The
is a flowchart of the operation of the controlling part 9 regarding

t he mi rr owavalengih ibaedipensed hy tha/phaesledtic finyersipn dl¢reens Séraavire theowaretamgth
circuit portion and the operation of the conputer portion of the
control | i gngai3.59mal efriapisasiengl@dawd tho wiavelmkdthgbamnly oflicsit+haad i lght. The
between them As shown in Fig. 4, the controlling part 9 refers to

the out pulyev&éndthSeleGdY filtdtaNt ifade ob (SQXGRDER, 2itcAth 1sicof! ShsSlike, and has
calculates the light quantity of in-band light and the |ight

quantity @f,o4 t&i/\%?@%!)l \"é\!ﬁﬁ‘treép@ﬁﬂet%‘%ﬂibaﬂﬂ lfgﬂﬁgggg%ﬁ?gﬂpg%u@%%&@éhéy%&mthe

6, | ndependent base on't out putst t érm nes
dj j . ts.of th 0] ect| tjcal t . -

) ust P g EBHRET henohE BRI 8RB alant SHEMEY b o igpg ort. The

b d th | cul d ||ght- titi t S3), d gi

et ruch: GRCBPRALE! Fedbh S Taer s ok seaber sy o

anounts in the optical axis directions of the mrrors) to the mrror
in Fig. 3(b). The curve in Fig. 3(b) is an example of the emission spectrum of 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-quantity 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 Eis 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 cantrolling part 9 regarding the mirror

10



adj usting nechanism 8 to adjust projection optical system®6 (step

S4)s. The steps Si to S4 are executed repeatedly during the exposure
period. The steps S2 and S3 will be described in detail bel ow

[0024] 15 (Description of Step S2) Now, it is assuned that the |ight
quantity afjustindaysterhi ghtFid. ¢ itite nperaidon dhihe dircgibiportiomndridt the Ipasoins of 2he
and 13 is A and the light quantity of out-band |ight incidents on the

|'i ght - quaRbinpytes PBRPNSofkBe @Bktrdiing FarBg A8 r&tOAted Withdds nfukird) argtistinction
(b). Furthernore, the transmttance of the wavel ength-sel ecting

filter F iRutdag thdght-quantity sensor 12 is 20 represented by P, the
sensitivity coeff|C|ent (conversion efficiency) for in-band Ilght of

the phot oel ect conversio el e t SA.i ese d.b d th
sensitivity coe ?%ﬁgh ?cOnf@%@?@ m%#??ééﬁﬁ%gg éﬁ gﬁF5§f§%|@F il m&“y
of the photoeleﬁé conversion el eme is represented b

[00251° 25°091} al"f*g‘n’t (Pant) Eiﬂc'éétﬁééfﬂe E@ht gpantityoginin-pansg gehta"&)the light
in-band light having a light 11 quantity Ais attenuated by the
transmi t t ameetitp obput-handlions insidgnhors teauejeckipnf adticelrsyfennrfdl indepandeantly.drased
t he photoel ectric conversion element SA to be converted to an

el ect r i calonsthegrakputy thdreof (slep\a2), sdeddrnididsi jstiay amoutis bheheopbRictidiaastical
out-band light having a light quantity B incident on the

| i ght - quan{dtbm @meéoad;&&.dg%nmlﬁ@qﬁdhbwptidaﬁam.eécﬁagg @nﬁ@lnﬁﬁuspeased on the
filter F. Thus, the 5 output X of the |ight- quantlty sensor IS

glexg(r)] ' by %al;gl’g‘tseﬁolfohg( qga%t;tf%g %%%% 5" %{1):? ﬁfvg%) L& ’ms déhe a%@sh% %Tnl:l L.:Qﬁjustmg
ther aﬁ3?%%%0%&5’%%@3%%@%1}15?aa?fﬁoug sqﬂéh{‘g‘ék%»? %*h%%gé”#ﬁﬂéﬁ tRifR e%rearewror

all. The |n band light is 10 converted to_ an electrlcal ?na by
conver si oRAlMsIRG Mepanisty 84p ddiupPrairctiapetical spstem & (StSBﬁ(’;')er @?jStFBS %‘nt‘) 54

el ectrical signal by the conversion efficiency T. Thus, the output Y
of the are executed repeatedly during the exposure period. The steps S2 and $3 wiil be described

in detail below.

[0024]

15 (Description of Step 52)

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(@), in—-band light having a light

11



i ght-quantity sensor 13 is given by Y = Ax S+ B x T. [0027]

Herce, the follow ng equation (1) is derived. 15 [0028] [Eqg. 1]

[ Y] =[ AS++BT]-[ S T] [B] Thus, the controlling part 9 calcul ates the
light quantity A of the in-band light and the light quantity B of

t he out - bajuentiity ghis attedepehisiethe tranbimitapg § ofidre tWagelendthtdelexting filkdrd an@Qhen
| ight-quantity sensor 12 and the output Y of the light-quantity

sensor 13 enteré iR fiotdemistitofGitéibh @RnleR) SA tbOEdHERON 1 BLAESAEA siGRdl by the
this calculation, that is, information about the characterl stics o

the |ight - giantibd ¥ﬁ“§i@ﬁ‘§f§ s@%h@%e%nﬁugﬂ Q&dllféht Fa 0%99;]! I t’qil%%ly E?ﬁcident

is stored in the controlling part |n advanc

LB]-[S T] t hat e aIc d a B
repr esent 0thheelhg;g'%fwa g%ferisl ei?o Elofkr? b g Vﬁ’aﬁﬁﬁn%{ﬂ Eeﬁt‘"%ﬁﬁ%rpﬁ i 3&&'5’ the
whi ch bave enter h uantity sensors 12 and 13, 5 and are

t hus eSU. it 5 oha g AN it 1 €Y BVt Y Rft ¥ght and out - band
light which will enter the reticle 5. Next, as shown in Fig. 5(c),

when the refl ectG08A! coefficient for in-band fight of the reticle 5
is represented by @R] and the reflection coefficient for out-band
l'i ght of the reFurtheembre, irsthedighegeattiedsdngot FHlas shdven in Kdt5 (U BSHhiof Yh-Band
of in-band light incident on the projection optical 10 system©®6 is

given by Gght AavinédaRlightadqidintifieal drahbudbaiat idht RviHg qughbiggnﬂ't%%“%nter the

incident on the projection optical system6 is given

HR. 1N GBS nvdriEn bRl A% dHALLiRY itblatdc ol ¥ in-b Wkt is

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=A X S+B X T.

[0027]
Hence, the following equation (1) is derived.
15 [0028]
[Eq. 1]
[X}:{ APS }{PS 0}_[44] (D)
Y AS+ BT S T{|B
Thus, the controlling part 9 cafculates the Iight 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 cutput Y of the light-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. 3] 15 JCCAXR] ...~3~ D=BxH R The reflection coefficients
GR and HR] 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 Iight incident on the
projection opti (el 2system 6 and the |ight quantity D of out-band

| ight incident on the 20 frojection optical system 6 independently

by applying the[ld g Psquaht [ xiles A and B to the above equation (3).
[00311 Note th g q§or t g nece@dary for this estimation, that
is, information racteristic of the reticle 5 such as

s S??OLHLfR“gF%é&?r%ﬂwﬁtaﬂé"@ﬁ%ﬁ’% %e%aﬂd Prebradeniue gL BRpTRen o

coefficient for in-band || t he projection

optical sy&tapd éighfsaﬂdewte!?é'ﬁt“@at wb'ctﬂla%a%me'teﬁéh%%thB engdys 12 and 13,
.coefficient 5 for out-band light of the mrror M in the prolectlon
opti cab sysdam up savivglentde thedwhb guantitiesofimveand ligheark att-baysblight ivbith will
coefficient El is a heat amount (heat-absorption anount) absorbed by

t he m rr orentdr titkutitle 5. n- band | i ght incident on the projection optical
system 6 when the light quantity of the in-band Iight is "one", and

the heat - absor pie@f a8 eRddd i BEL5 Mlwhén ti r@ﬁ@&.oﬁmmk.eﬁhﬁﬁﬁa%mr@ttldmhe
anount) absorbed by the mrror M due to out-band |ight 10 incident

on the pr%l’f‘tﬁéﬁ&%&%é@&! R} tﬁe%@e?énh&e#dcgm fpﬂé@f%h%&llotﬁl t b reticle 5

out - band I's specification

t of "1 ght ht. ch dt
by & i rr df ePresharen £V )y e Sy aﬂg“mﬂ? @EH%{-M,]@@%B@?&@%& ke priecgpnenféca*
lt Ih (I;epr] 8][ ggg:fzt%tﬁv%ggwéggv lg;,ggéﬁ&g | ci %e?zghé c?ual?}%tr\]/dD Lfl r?uqibalngchlgﬂte 1?|E|dgnr{ on the

projection optical system 6 is given by D = B X H[R]. In other words, the following equation
{3} is derived.
[0030]

[Eq. 3]

{C=AxGm]
D =BxHI|R]

()
The reflection coefficients G[R] and HIR] 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
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15 C, the heat-absorption amount wl of the mrror M caused by the
in-*band 'light is given by w C x Ei. Furthernore, when the |ight
quantity of out-band |ight incident on the projection optical system
6 is D, the heat-absorption anount wi of the mrror M caused by the
out -band advatee. i s given byw,'=D X Vi. 20 The sum of the

heat - absor pti on amount wi of the mrror M caused by the in-band

| i ght and the h@&asedhimargdtteprs3pnount wi of the mrror M caused by
the out-band light is a total heat-absorption anount W of the

mrror M. [003ghw, Js}%%wntnhﬁg\zc@@ﬁer @a&iaﬂgorgt%r‘i et &K\%tu?—%ahg'ﬁght of a mirror

heat absorption anounts W , and of the"mrrors

M2, | an i .

" band :v%ﬁ% rf%_ﬁtE ﬁ@%%ﬁ"%&%ﬁ@ [ %/I'e StePl% andH\ 'E_xPsr%?tcPen‘ioe%ﬁﬁ'ent

E 8832; Eﬂrl On—O:Pri[dl IC?WF al\ednb]'or ltﬂf(l) jﬁehgro]i%iln(l) \glptlcg %ge% Iﬁigmg represented by V.
i nfor matl on necessary for this estimation, that is, information about

the char adtoseyeyy tthes hgat-zhserntionreoeffickmt EVE a NBat gmounts (heairabsgBptinnc Rmegnt)
"El ", "E2", "E3", "E4", "E5", "E6", "VI', "V2", "V3", "V4",6 "\5",

and "V6" iabswbet b!d thenmirhe M:@inrmtmliﬂ—ibagd pg}nttinedém omothamcﬁecti‘ﬁhe:ptical system 6
heat - absorption coefficient Gof the mrror M depends on the

reflecti vidhgn e light ghavtdly bf @8 tn-0hndfgHt k"o bRd tH¥heaidbddAstidH do&ﬂfc&npﬂ is
the upstreamside than it, and the heat- absor ption coefficient Vi of

the mrr Ora Mdat QﬁlgQﬁ‘ld(ﬁeﬁnaﬂshPpti'bﬁfa'nﬁﬁlhi)\ﬂbgé(rhgﬂ’rby%@ H@ﬁ&ﬁﬂ# d@% 3@1}_ -Bdi8 light

mrror and the mrrors on the upstream side t

Furt h% Jg%,e%?ah Rl bidiaBRh Lﬁca. CALEH6ALES, thOFgRed QRIRdrPe HASakdtidh is

the mrror

"one”. In this specification, "heat-absorption amount of a mirror" means "light quantity of
fight 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 wi =
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 wi' of the mirror M, caused by the out-hand
lightis givenbyw/ =D X V.

20 The sum of the heat-absorption amount w; of the mirror M; caused by the in-band
light and the heat-absorption amount wi' of the mirror M, caused by the out-hand 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



15 this time point based on the heat-absorption anount W of the

mrror ML and the history of the heat-absorption amount (the
deformation rate Pl can be cal cul ated based on at |east the
heat - absor pti on amount W of the mirror M1 and the previous val ue of

t he heat - dvdwngtlighhandtheulight asemisy & of eutebandriigbhincident he thabmiddion ontical
depends on the tinme constant of the heat bal ance peculiar to the

m rror M )systhimt6eta thatfollioavirdedqmanert (4an anmount whi ch becones a basis 20

of the deformation rate Pl is obtained when the mrror ML has reached
a steady state ydy3ue the light quantity C of the in-band |ight and
the light quantity D of the out-band Iight are being kept to

ref erence val Uefg, aﬁspecti vely. [00361 Likewi se, the controlling

part 9 calculates the deformation rate P2 of the mirror M at 15 °
this time point based onrighe heat-absorption amount W2 of the mrror

M2 and5t he hi st &, y=[6f D} Jheat.—@bsor ption anount (the deformation
rate P2 can be cal cul at ed”:dased on at | east the heat-absorption

anount W2 of the mirror M2 and the previous val ue of the

heat - absor pt i onNotenibahtinformaiionarecesshe fovtieestimstionhhat il infioranation about the
depends on the tinme constant of the heat 5 bal ance peculiar to the

m rror M)chafdoteestidsaf theamhekOMipM 2,03 ,a IME, and MEsuble aoYBR S, "ER"PEST, SE4"OE5",
the deformation rate P2 is obtained when the mrror M2 has reached a
steady stage, war 92", tvee, hMaghys guantist % Sorefl i 4 coRerBRRG phit 9K a@iflcd. hehe
i ght quantity D of the out-band |ight are being kept to reference

val ues, r Jor VA=Y - i ! t | A :

cal cul at e Rhar Rk oS RALE of o ghit RN BendrlF ff Al fe Bt AP el ot o
poi nt .has on_t he,heat -absorption_anmunt WB of the .mrror nd t he
h st orthe Ao dn Tl R FHFEH ShnEPionly sie Akt cind eobasy Reagypton
be cal cul ated based on at |east the heat-absorption anount WB of the
mrror M3 QRECERRV R &5 BifsorMy dseenss anibe reflactvilyfar pri-band light ghthe mirror My
However, the content of the cal cul ation depends on the tine constant

of the heatdihe mireraes thrwnsticam sids thaeitmi rror M3). Note that, a

def ormati on anmount whi ch beconmes a basis of the deformation rate P3

i s obtained whefo0Bl5g mrror M3 has reached a steady state while

Further, the controlling part 9 calculates the deformation rate P 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 z 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



the light quantity C of the in-band |ight and the |ight quantity D of
the out-'band |light are being kept reference val ues, respectively.
[00381 20 Likew se, the controlling part 9 calcul ates the

deformation rate P4 of the mrror M at this tinme point based on the
heat - absortpisitiore poimtthased/n tife hehe-ahsorptiom diown W2 dfehdinraTy2 efd thehistory of
heat - absor pti on amount (the deformation rate P4 can be cal cul ated
based on ahe heasibsbiption AedunBlRaddibmifion i A2 cdibofaldut@edbiselon Ml ieastdhe
t he previous val ue of the heat-absorption anount. However, the

content ofpebin@hs&AhiidH Shd i \ﬂ@e&qﬂ{dﬁw‘?& Mf‘gna EHEEprQ\%l%t\%me oqfthé hereadrption

25 bal ance pecullar to the mrror M4). , a deformation

gg?gln?]e\(ljm:/% fcmwﬂ' &%ﬁﬁ&ﬁﬁgégfr t@achfggla ?@Eﬁ&é 8h't ea’tti % P4nst§r{t of the heat

he 'mTrFror sta
i ght gquant Co t he i n-ban and eI| uantlt Dof t he
outbadd THelpite BB e, Mees T HEt A raiation bt whjEH hecorspagps

5 Li kew se, the controllln% part 9 caI cul ates the deformation rate P5
of the nirof ghe deforpationypie RZjisrebigisied whsn deaimiror¥id harererche sorteadyotate while
amount Wb of the mirror MS and the history of the heat-absorption
anmount ('t hhe dgitoquamtityoD of tiieenRand dighbend tedighageehtity Heaf tha oat-bhehlight are
the heat-absorption amount Wo of the mrror Mb and the previous

val ue of tHaglept tlefeéftivalles, adBpdRtvelyHowever , the content of the
cal cul ati on depends on the tinme constant of the heat 10 bal ance

peculiar to therggpior Mb). Note that, a deformation amount which
beconmes a basis of the deformatl on rate P5 |s obt ai ned when the

The Tope a2 RREDEE fi Srifling Hafiecaltllated e ddtatialilh fﬁﬂ’ﬁ%%ﬁ?f%ﬂﬂ 2

bei ng kept K reference val ue respecti veI 0040 15 Li kew se

cont rol Pﬁb'samp%" 3 ?aﬁw% bspsp ?%ﬁ a‘JlféhW'rB‘?r “t’?h%“CHhFrhb‘r‘O"Y of

Mo at this tine point based on the heat-absorption anmount W of the

m rror Me thhBeattrbspipsionamoynt (therdeforamtion e PHrambe eatanlaied based on at least the

deformation rate P6 can be cal cul ated based on at |east the
heat-absarption 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 caiculation depends on the time constant of the heat

25 balance peculiar to the mirror M4). Note that, a deformation amount which becomes a basis

16



heat - absor pti on amount Ws of the mirror M6 and the previous val ue of

t he' heat'-absorption anount. However, the content of the cal cul ation
depends on the tine constant of the heat 20 bal ance peculiar to the
mrror Mo). Note that, a deformation anobunt which becones a basis of

t he def or mitthodefpematiopgates’4ob phtained witesrthe mirreri M4 bas Bchealse steadyhtate avhile
steady state while the light quantity C of the in-band |ight and the

| i ght quantbe tlightDyehtityn@ ob the- inalsethdl lighhanditle lighe igagntke [0t off BE @iiemard light are
val ues, respectively. 100411 25 As described above, when the

def or mat i QridcPteds rdfdrendZaluR3, reffbctifaly, and P6 of the 17 mirrors M,

M2, MB, M4, Mb, and M6 have becone known as descri bed above, the

am)unt of fl ucrm@ ;on whi ch has been caused in the inmage-formng
characteristics 0 he projection optical system6 at that tine

poi nt hecomes known, addi tion, ntrolli art 9 m nes

adj ust Png amount&egisey tﬁ%c?ﬂlfﬂ lﬁ’é’tﬁa&&ca&:”g’b‘ls tg e{]ag‘ffz‘?rﬁréte(')gditfﬁﬁ W@rMS at
anmounts Z1, Zz2, Z3, Z4, 75, and Z6 of the mrrors M1, M, M3,

Vb, and MBhisritsereiaiiaseden thsrherbiabsarptian aeeuniiosfshe minerdMs and the e History of
i mage-form ng characteristics, based on the defornmation rates P1,

P2, P3, P4he h&st-asdrpiben @fnouhte(thee@jmaitiva rate P aas b ogicutlaied hassd opait tmst the
step S3 has been described). [0042] 10 As described above, the

present prizhtabidptidXNAcuH VIHAE aittsr MS afdltHePfredoiy Yalluetof tRE€R&R ablidibtion
(light-quantity sensors 12 and 13) to detect the light quantity of

i n-band | i ghdynt anbweds, {He%hte%:'@f‘iﬂetcﬁlcglfat:&yae;;é%ﬁg h'tﬂ@ﬁmb'&gﬁﬂgﬂ%@ﬁd Neat

(see Figs.2 and 3), and the controlling part estimates, based

these ﬂOWO Q&Hzﬂlgg?%;ullgr%qﬁé &Iﬂ'l‘ rﬂgt L{Q% It ta{ §et rmalalonfan:{)#n{wl?ch bectomes a basis

fluctuation 1n ar act erls icsS O eprolec

optical sy em 6, caused by di.ati on heat Thus, even

't the |.gﬂ§tt ST g . B AH AR GHE RO 1S g re%a'@ﬁﬂaftsa‘%yfstatewh"e
out - band ?ht have fluctuated individually, the amunt

of
f1uct uat i dhe ight grantityelg ef therinrbagd lighhped ther fabt iavanidy D efcthp oof-band dght are

optical system 6 can be estimted accurately. As a result,
being kept reference values, respectively.

[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.

[0041]

25 As described above, when the deformation rates P1, P2, P3, P4, P5, and P6 of the
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t he adj usting anount of the projection optical system 6 beconmes an
appropri'ate value, and 20 the mrror adjusting systemthus operates
correctly. [00431 Furthernore, the controlling part 9 estinates,

based on these two kinds of detected |ight quantities, the

heat - absorpiriashMAn¥dniv3.d44.tMie apd Mbdave brroostkineah as getcdhedbalpnedbe aigunt of
i n-band |ight and the heat-absorption anmount of the projection

optical syfhtcamti6n cdlidebasblyechScansdd inathe imagétifointidg phadeastidtics odnble projection
regards the sum of the heat-absorption anobunts as the 18 total

heat - absordpticanysamuit tRit drRCpHhObReiedRnét.i cal system 6 (see Egs.
(1) to (4)). Thus, the fluctuation anount descri bed above is

estimated w th Rl ghy;a6e l‘lF\@Eé(ntrdfﬁH%t 'E%g: g‘%[eﬁeémti%ﬁoat%@gﬁg% aRRUhts Y tﬁpgrogenction

proj ection exposure apparatus I nc tric conver

S ot a1 BRI 118, B 40 TSRSl e

(Ghers) Note that, in the present projection exposure apparatus,
when a ret&l g Mohdecessary demepmirofiachiuctyations du jthe Emapesfosiimg ehamgcieristics,
1, the light-quantity sensors 12 and 13 may be 10 provided on the

| i ght ent erasedjos ihgedefarmatiomrabés R1082,1F8t P4 IPE, didi Atchf tharespretivomérrors hap to this
pl ace to arrange the light-quantity sensors 12 and 13 nmay be in any

ot her pl agmimysbp 83 hanbeptdesadtbefint h bet ween t he projection opti cal
system 6 and the reticle 5 or an optical path in the projection
optical system fgogdpwever, it is desirable that the place to arrange
them nmay be on the upstreamthan an aperture nenber (not shown) in

the 13 Spr oj ectiqn a%?ér.b(éalabﬁ%?%I'ger%rg%en%%q?jgaio%%%(gfggrggppﬁg{ug i%) anﬁ?:ﬁeglaxﬂilch a

whi ch does not pass throug aperture me exanpl e
P ace Lo, ShhaRr A PR U ST TS SRRl e NSy BLeb o
optical Sa%%ttﬁg]ligﬁt q[uggt?tg]of out-band light independently (see Figs.2 and 3), and the controlling
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
I5 irradiation heat of light.

Thus, even if the light guantity 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, hased 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



20 Furthernore, the present projection exposure apparatus my be

equi pped with an exposure-anmount controlling system using the output
of the light-quantity sensor 12 (= output indicating the |ight
gquantity of in-band light). The exposure controlling system perforns

f eed- back tet@hheagtabsérptine amowuetr ofdhe prageckias eptiql agstem I6i (sdet Egsolld be(4). aThus,
in such a manner that the output value of the light-quantity sensor

12 and/ or théBudtiarnianicant adsclbed/soie isOfstitbtd 20tk P Htcutdcy.

| ight-quantity sensor 12 are kept to predeterm ned values. 19

Furt her nore, aSF&rﬂf‘erhb&htthé%ﬂs%? paft e F}fr@ﬁ@t“gn sﬁt‘ét éﬁ%rﬁﬁ:p%ﬂ&l@s the
apparatus, any other EW |ight source such as a di scharge p asma

i ght SOUn, ?togl’ecﬁic.sc%ﬁfé?glgﬁ Eﬁ%eh{s%w?ggﬁ%?rgv%%fg gﬁle&rﬁ%’df”l{ep?t\ﬁﬁ% are grplcal

the | aser source the mT

dj ustin 8 of .t t t b
one. ad) ustgﬁ&ﬂ R Blses Tl Rhedena ot SPRiE. v, “WB. n, VB, and

M6, or one adjusti ng the pressures of the nediums anong the mrrors
ML, M2, M3, M4, [00B4land MB, provided that they are able to adjust
the image-form ng characteristics of the projection optical system
6. 10 Furt her notGsheral t hough one set of the light-quantity sensors 12
and 13 is arranged in the projection exposure apparatus, tw or nore

(two in Fig. 7)Neetthagfintihe prdsght paRabdh e¥Xpoed appsratd, #heh 3 3etidl®'blind is
exanpl e, may be arranged around the same | um nous flux as shown in

Fig. 7. Waghnidiendtbientt réifc!et §Vhdin m 1, &Wﬁgkﬁ%‘\%ﬂyseﬁﬁﬂyﬁ%nd 13 fmay be

arranged around the same | um nous fl ux i's used 1 ght quantity

of th?O' u c{rﬁcﬂe IlgﬁtnentP%m% stlaee fgice otttne t%ié%;gpw accuracy. [0047]

Furtherrm o] ec I on exposure par at us, the
whi ¢

i nfluence of refl ected the wafer 7 and_t
returns to the g%]eé'@f’f H"eo*f}f‘?ecrﬁlargj\?gf é*fﬁy lightzavagtity, %Ef%’ﬂ]zl%ﬂel\ﬁe’i“ay P in
an EUWL, the light quantity of light reflected by the wafer 7 is 20
ext r emel y agyrather plaes saich 3s g enticplpagichetvpdnatdie prtieqtipn ogtical systera Aand thgiveticle
gquantity can be adjusted with

5 or an optical path in the projection optical system 6. However, it is desirable that the place

to arrange them may be on the upstream than an aperture member (not shown) in the

15  projection optical system 6, and In an optical path of a beam which does not pass through 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-back control of the power of the laser plasma light source 1ain such a manner
that the cutput 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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sufficient accuracy even if the influence is neglected. [Second

Entjodi meént] The second enbodi ment of the present invention wll be
descri bed belowwth reference to Fig. 8. Here, only points

different fromthe first enbodinment will be described. 25 [0048] 20
Fig. 8 is a schénmhérmoenns thpulicht isowrceliohthearresht progeqiipe sepdsupr appacitinany
exposure apparatus. The configuration of the second enbodi nent is

di fferent dii@Buvhight edurédwich g aidiscRirgo giasRatlighBdontds dria syhéiro@on light source
l'ight-quantity sensor 12' equivalent to the light-quantity sensor 12
and a [i ghﬁaﬂ@.meawstéﬁrmme thsbr pRBHMRhENurtL1d he |ight-quantity

sensor 13 are provided on t he waf er "stage W5. Herelnafter t he

|l i ght-quantity ﬁ%ﬂ%?rs 12 and 13" are referred to as mafer si de
sensors 12' and 13", and the light-quantity sensors 12 and 13

providg near t reticle 5 are referred to as "reticle side sensors
12 and”13". [00 @1 therees. Bt FBIFPT AGISHRG e Brniem; & ahtbi PRfCtiR sagpere
adjustnent simlar to that of the 10 first enbodi nent using the
reticle sisgparaiisdoricheigneadinsting themonijonnoithe odners Mle M2 M3, M4, M5, and M6, or
addition, the controlling part 9 of this enbodi nent corrects the

heat - absorqm’eiadjmstimmﬂ"fbipoésemsd thEmedWims dnZong\iRe miaBors WBl, M24M3 M4, NES, ,and M6,
V5, E6 and V6) of the projection optical system6 using the wafer

si de sensq@irévided! thaBdhel3are faBle RAGIuARRE MRRISFEihdTEhREUSHiHARS b he projection
exposure period. [0050] 15 This correction is performed to address
tenmporal chapgsysibd g.he reflection /absorption characteristics of

the projection optical system 6, because there is a possibility that

he ref) f_the ni .
NB. WO N, anfon s AungsBt B seeat v ihecAtaBetie (e Eill e

tlne due té contanlnantlgenerated in the $ 0j ection ex osure i
appar at us.t% RTULAPN FROSED APBIHEINTWY 8F st Sworig Féﬁ:lt'?érsé o the lighi-guantity

20 on the upstream side, so that the tenporal changes are renarkabl e.
[ 00511 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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The operation of the controlling part 9 regarding this correction

w Il be’described in detail below Wen performng this correction,
the controlling part 9 drives the wafer stage Ws to 25 arrange the
waf er side sensors 12' and 13' instead of the wafer 7 on the optical
path. At that Pig. 8 isea sthegtatic (donfityerntion digataramd theitprésant ptdjegtivh ekposare
the projection optical system6 enters the wafer side sensors 12

and 13'. THppaont r Ohd condigparibn 3f tial sekbad edbodimenek alifferbtt frdia thattgIuke first
X of the wafer side sensor 12' and the output Y of the wafer side

sensor | T,eniddihaitodidy ﬁﬁhﬁﬁﬁidh&-ﬁﬂfinﬁw 38tsot YZ'quifJ?lﬁﬁ th @h@l?d?}@-ddagdl?l? >s;ensor

emtted fromthe projection optical system6 an e tight” quant

espect i v P Bl b 1S TRl 8e RS AR A ARl 8RS o brbued on

respectively fron I's equ use

i ght ities A B lculated in the first i .
(0052) 310t offsi i, "L Bfr e AR i bo et 26 Bas: 8 TFsred o s

to the outputs X' and Y', it refers to the output X of the reticle

si de sensowafepsidpgensges Liapdid3'vaed thedight-aupatite sensges Yewngbt3 progided near the
calculates the light quantity C of in-band |light incident on the

proj ect i onetighe b aed refesxedtie as Getale sittheersoght2 guulat®'i ty D of out - band

|l i ght incident on the projection optical system 6, respectively. The
cal cul ation net[gwdois as described in the first enmbodinment. 15 In
addition, the controlling part 9 determ nes whether or not there has

been a fl uct uathoRdthbiidCodred bEkd Qhbd éwabéﬁga@gggﬁﬁ%amnﬁi iocnﬁaﬁrrthe

in-band light of the projection optical system6 b on the lig

quant i,Ry of i Nr: égm it 1 ? e pr,gjection optical .
Jyetenvs Srrmlnnaihetce AR LR ABR 2SO Rk o PBhE pgod.
projection qptical s em 6 émEiLe conparing the jth the previqus
val ues) 218 by e coRt il batt o 85 tus erspoiaa! Spees ke sataatpEED Epprtcents
(ElI', E2, E3, E4, E5, and EG& regardi ng in-band |ight when there has
been a f| d&k ifat ForY2, Fhe3ckt VaCES: ¥R, B of the proiagtinn optigal sysrem 6AEg the
and AE6) of the heat-absorption coefficients (El, E2, E3, E4, E5,

and E6) nmafdreiddeteasors n@'chnddsSetbr eacht dperéprigh 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, RS, 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 tefnporal 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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guantities C and Conly. However, it is nore desirable in high

accurate correction that they be determ ned based on not only the

| ight quantities C and C but also data obtai ned by 25 advance
nmeasurenent (that is, data of the tenporal change curves of the 22
refl ecti ontimaigbt @i-bend idiviaad vetr-band bghtl foemithe iraiedtion giticabdystehet enters the
mrrors M, M2, M3, M4, Mb, and MB). Information necessary for the
det er m natwadér siduseaesrs @Rtdndn 3.s stored in the controlling part 9 in
advance. [0053] 5 Furthernore, the controlling part 9 determ nes

whet her or not trh@esmmdaﬁﬁﬂg,aattﬁitttﬁﬁéggéﬁe_moitﬁe Pb@ufﬁ’fdffiﬁé {W@fer side sensor

[ absorption characteristics for out-band Iight of the projection

optical sy n i .| ity - ban [ -
emtted fr]?mgﬁghég?@]sg%?i %ﬁlmg(%#%(t%ﬁ]e geslgéllewt%%adng&f'ﬂéé{%f ilﬂgehﬁgﬂ(fu%r%??y of
D of oyt-hand light incigdent gn the projecgtion optjcal  ,sysitem6
Can 1 & ScorBatinhPh s Hor, BeobBicBus ot Setmah ard dhe S8l dusty D o
val ues of 10 heat-absorption coefficients (VI, V2, V3, V4, V5, and

V6) regar diuitPandtlighbemitted gram dieproiacken apticak systesm 6argspeciveldt i the. calpulation
correction anmounts (AV1, AV2, AV3, AV4, AVS, and M/6) of the

heat - absortpé¢thod icepfifalant emtlsat (sed whin livf, quddtitiassa aadd aré cakmalgteden the first
determ ned based on the light quantities Dand D only. However, it

is nore desmboalithénti n hi gh accurate correction that they be

determ ned based on not only the light quantities D and D but al so

data obtained 1lgpdyyg)advance nmeasurement (that is, data of the
tenporal change curves of the reflection /absorption characteristics

for Ol’|t0_ band |1i gp%béﬁt tliegsfan{%tirj;l%gvfleMh]é’co'ﬁ@%liqr'}gﬁ#/g 're ers’tf)itgeggliltwl? X arédd‘(', it

| nf ormati on necessary erm natl orrec stor
inthe congrollin art ? i n advance. [0054 20 According to the
bbove. cor HEEE Bi1te SWRRX of thas e sl s AR AUE Lok cetile Fye sensor
the reflection /absorption characteristics of the projection optical
system 6, l3hand ralgulatesdbe fishtoauanger Eidfiierhagd (ight ingidenteon the profiegtion/aptical
E4, V4, E5, V5, E6, and V6) are renewed to correct values. As a
resul t, tgstenrsd ard thejlighitquagtityy bentefant Highpindiedtancthe prygagion @ptical system
B, 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 an the light quantity C' of in-band fight 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, AF5, and AE6) 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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apparatus continues to operate correctly even if any tenporal change
has beer caused in the 25 reflection /absorption characteristics of

the projection optical system6. 23 [00551 In addition, the
controlling part 9 of this enbodi nent corrects the heat-absorption

coef fi ci erreleqtien/abEorptie ché#dcteZSics fordnHgndrimhaptithegmirrord Mid M2, g3, Manis,
t he heat-absorption coefficients (VI, V2, V3, V4, V5, and V6)

r egar di ng andt MBRNdnibirgdtion hedependentieydetbmsigdionnand cbPetticki iBdSoredl in the
light quantities (C, C, D, and D) detected, so that its correction
accuracy i&nhblilg palt tihgdwhcdNot e that, in each of the sensor parts of
the projection exposure apparatuses described above, a

|l i ght-quantity gfd@érr 12 detecting the light quantity of in-band

light only, and alight-quantity sensor 13 detecting the sum of the

i ght gquantity qQf in-band, |ight and the 10 |ight quantity of out-band
|'i ght gr e provi g%’(ﬁllﬁ'ermﬁe\}g‘? ,Cg'i‘tﬁolg'?ﬂjf’f"it ogn&?tsmf'ﬂ%ﬁ Hﬁ%‘gﬁr %ﬁ%theﬁeai‘?ss,gee“ a
a senor part as shown in any one of Figs.9, 10, and 1 1 can also be
appl i ed adlugtusdipr bt theatefleqtion/abgemndien icheractgtstics o owfuband kight of thepigdastion
l'ight and the |light quantity of out-band |light independently. [00561
15 The sermpbical prstemdhiased pm tifé lght Quamity D'ddout-dahd tidiit-eeniaad from the pofuction
12 in which a wavelength-selecting filter F that has transmttivity
only Wi th dptisglegitein® ard-thanght du@htityimsof d@%ﬂ%@ﬂ@d&h@:ﬁﬁ%ﬁ%j&dﬁ@n optical
conversion el enent SA; and a |1 ght-quantity sensor 13" in ich a

wavel engt klw&@hqeét(bvﬂﬂ? fcb}niaﬁr:i%d: thdnd HithhaR bfe@i@ﬁéﬁvslh%%,i ¥n@ Uolredts e values of

respect to out-band Iigh nounted on a photoel ectric conversion

el ene SA._..T riale of 't v th-selecting filter F
T a0 epeanrgsapuatl ittt £, 30, VB P PEHR VO pEGnY ddichddlgnt yhen
wavel engt h-sel ecting filter F that has transmttiviy only with
respect t dNEHE-BRAEET ?bﬁit“"ﬁf"“ou hecareeciionppounts s HMPeRY3:i4Y4, AVS, and AVE)
conversion elenment SA; and a nechani sm 15 whi ch pl aces the
wavel engt H#f & kaat-iahserplion eqeflicieniev 1t Vid VBr YhtVS. sud Valowaydfe détermined based on
phot oel ectric conversion el enent SA and displaces it therefrom

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, EG, 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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25 [ 00571 24 The sensor part shown in Fig. 11 includes: a

wavel endgt h-sel ecting filter F that has transmttiviy only with
respect to in-band light; a wavel ength-selecting filter F that has
transmttiviy only with respect to out-band light; a photoelectric
conversion el en®55BA; and a nechani sm 16 which alternately places
t he wavel ength-selecting filters F and F over the 5 front surface

of the phot oel et additicr) theetomitroning [parEnéf thid. enitidiméitabrretB @it hda@-absorption
sensor part shown in Fig. 10 or 11 is used, the controlling part 9

drives theoBmeldani M D B £4,6¢5, and E’G?fr@af’drﬁ@ np%hd T Qlét Pééﬁ: a%s&f)tlon
the sensor part obtai ned before dri vi ng and the oufput Y of

sensor par/ fterygdnjv ]

third enboé?ﬁnig%ﬁﬂsg\? fj ng’r \ef‘ge\}r;jf 5?%33%@3%@% 33,19 I{)amé'g rﬁ{%gg“t}%p% baldifon
with ef rence, t 12a 3. T enbodi nment _is a variation o
the 't Pot TefHURsEHeh Pfét'esqgwﬁlw A0 D SRR et S csmeetin gty € high
enbodlnent w il be descrlbed The points different fromthe first
embodi ment are {MBerskubj ects of adjustnment for 15 controlling
fluctuations in the inmage-form ng performance in the third enbodi nent

are the followNpg tabtsin ¢Q058] the*seRomi paronsf te phgeativn reompesuvt, aphBratuses
M3, M4, Mb, and M6 in directions (X-axis directions) perpendicular

to the resjpegibell abopR] i Nght-quansitylehesiti2QREecRy theMRht §uaS, ¢Fin-bARd light only,
mrrors M, M, MB, M4, Mb, and Mo in directions (Y-axis directions)

per pendi cyhak ngﬁc-&n&‘ntﬁﬁe%&:t 198l &R su%ﬁhg%ﬁﬁhbmnﬁﬁﬁﬂ%%d%h&nd the

directions * Positions of the mrrors ,
. TS e P o A ke
directi Onsé) senor p}art as shown in any one of Figs.9, 10, and 11 can also be applied as a sensor part for
detecting the light quantity of in-band light and the light quantity of out-band 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 transmittiviy 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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25 mrrors M, M2, M3, M4, Mb, and Mb * Arrangenent angles around the
respecti've Y-axes (in the Oy-axis directions) of the mrrors M, M,
M3, M4, Mb, and Mb * Arrangenent angles around the respective Z-axes
(in the O--axis directions) of the 5 mrrors M, M, M, M, M, and
M6 [00611 * A pheisensonpam shown jo Egi 5l ticludes:iaomavelfengthe saledtiog fifter F thiat has
position in the Y-axis direction of the wafer 7 * A position in the

Z- axi s di remmsmittivipfontyheithvabgreci/tol th-band ligihts arneasRAgthi-selédiing filter F* that has
enbodi mrent, as shown in Fig. 12, each of the mirrors M, M, M, M,

M, and Nﬁrdn@m&ﬁﬂ?@ﬁ&%ﬂthb()ésﬁ@cf fOQJut—“l:Ia‘ﬁg%@h%%ho&@%ctr%@nve% elMﬁgnt 0dnd

MS6 having 6 degrees of freedom respectively. Six degrees of

freedom arge @c hELEFs Xnj Jhra?tgﬂ%@l chacé% tﬂg%}a%lgﬁ]%ch nse%@trgx% ﬁl@a‘? F anfilF' qver the

dlrectlon egree o om O position | rec

degr ee _of fr m of..a po in aZa ection, a degree of

fr eedom off® S'ér??'cﬁr?ée}f’?e'ﬁ'IO?‘iegecg"r‘Fg‘iOé‘v?rﬁ'oﬁ g’{‘ %é direction, a degree

of freedomof an arrangenment angle in a Oy-axis direction, and a
degree of freeddftedhataiwhen thersgasas nert shoyyreinifig.d 0or 1455 usedi the conteniling part 9
[0062] These mirror stages Msl, Ms2, Ms3, M54, Ms5, and MS6

cor r espondirives thhenarharism 15 adjl Gisrid rrgferseto Ihatti efithSotpaeX & the sdhisoopart dhitained
enbodi nent. For each of the mrror stages Msl, 20 M52, MS3, M54, MSS,

and MS6, &epdae dlilieg ahd e sutpa YSéfaBe serfs6F pRKabRIned aRéndrivihgappl i ed. On
the other hand, the wafer stage W5 supporting the wafer 7 may have at

| east three degjggs of freedomlike those in a typical projection
exposur e appar at us. Three degrees of freedomare a degree of freedom
of a gsrtl on 'f’rh‘% q]'Orecti on, a degree of freedomof a
posrtr on in a Y-axis |r and a degree of freedom of a position

Inazaxis dir %ﬁ tﬁirr]d emzbodgrggnq?’ f %169. 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 8 —axis directions) of the
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In the foll ow ng description, the adjustnment anount of the mirror M
inthe X-axis direction given by the mrror stage Msi is represented
by X;, the adjustnent anmount of the mrror M in the Y-axis

direction given by the mirror stage MSi is represented by Y1, the

adj ust mentmigeosuMi, M2, MhMyiM: @nd M6 in the Z-axis direction given by
the mrror stage Msi is 5 represented by Z;, the adjustnent anount of
the mrror M i hAthegéMeraxhglesaroacd ttenegievine Hyxed (rethaByatls diea@hs Milthe
is represented by 8xi, the adjustnment anmount of the mirror M in the
Oy-axi s digigetd A0, @k van N, MNander or stage MSi is represented by

8yi, the adjustnment amount of the mrror M in the 8z-axis direction
given by the m gy Ll L he j: ISt

anount of the vvafé‘ er ngérﬁ%ﬁt%@%é%)%f@%ﬁ?%ﬁclﬁ%nﬁér%" ttf)lfltef %é%\?\ié#étﬁ&ﬁ?%fthe
st age is. 10 renpr t y Xy, the adjustnment anount of the wafer

7 in tHe W‘HQFSSME’PME'?F?@EE&&I@HXVW the wafer stage WS is represented
by Yw, the adjustnent anmount of the wafer 7 in the Z-axis direction

gi ven by the waf®61ktage Ws is represented by zw. [0064] Thus, it is
consi dered that when adjustnent anounts X1, Yj, Z1, 8xi, 8n, Bzt, X2,
Y2, Z2, 15 8x27 AgpBitio@22the X-axiX@jrectwn oafhe W6y 78Y6, (OZ6, in six axis
directions of the mrrors are used, fluctuations in the imge-formng

characteri sti cs*afpdshionp tHeeGhkiodirofionAthsystbem 6 can be surely
controlled even if they are conplicated. As described above, since

the projection «agidsh iS¥RI2AXIS dirsctRn'o?thpikPP type and an of f-axis
optical system deformation produced in the mrror M is not always

rotat izﬁnal Ly syRIEhsEasoRNH tik BGhY Fe\‘llegpgs %ﬁ%ﬁg Flﬁgll %,;&%glignf%lfe mirrors M1, M2,

i mage-torm ng characterirstics can non- 10
t hat such |, be s extrenely effective. [R&ESMS I—%&gver i f
fluctuat i 3&% %%%ﬂeaqdrcr@g‘éag’ FRPRATTS ?}Fé‘?ft%?qeéﬁf@s e M53nM81 Magy and MS6
using only the adjusting amounts X1, Yi, Zi, i, 8yF, and Qzi of
the mi rr ohdving Belegrqes of irgeslos, seneeyvelyn a9ix sisareanplirerdonrare grdegree of freedom
determ ning the adjusting anobunts becones conplicated. 27 For this
reason, i mfeipositiendiroah Xrexis, ditehiioradjdagter o frasdunm bba pdsitiori in aAl-axi©direction, a
Oyi, and Qz[ of
degree of freedom of a position in a Z-axis direction, a degree of freedom of an arrangement
15 angle in a Ox-axis direction, a degree of freedom of an arrangement angle in a Oy-axis
direction, and a degree of freedom of an arrangement angle in a 0,-axis direction.
[0062]
These mirror stages MS1, MS2, MS3, M54, MS5, and MS6 correspond to the mirror
adjusting mechanism 8 (see Fig. 1) of this embodiment. For each of the mirror stages MS1,
20 M52, 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 freadom 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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the mrrors are conbined with the adjusting anmounts Xw, Yw, and Zw of
the" wafer 7. Incidentally, the above respective adjusting anounts are
determ ned by the controlling part 9 like the first enbodi nent. The
determ nation is mude at step S3 in Fig. 4 5 like the first

enbodi nment . [ 00B6he feliayind Besclibtimt, thd adjustnaat emoimti ofgheatihodMoh théXsaxis
enbodi nent. First, the adjusting anounts Xi, Y1, Z, i, Oyi, Qzi,

X2, Y2, Z#ire8ich, gidilby thdZnirror stag&X®iSi KOrepredbnte %9 X, Qb adjddttheh 8mbiinttdithe
mrrors are determned as shown in Fig. 13(A), and then the 10

adj usting . YW ; t ; )
I M T G i v K e

821, X2, ig% . S Y6, 0x6 Y and 8z6 of...
the’ m 1+ ordusfens dfEunP¥he Mo Mo Be 2o EPsctl Givep B dhe Pforfrbebisis
P3, P5 and P6 o tge mrrors as in the case that the adjusting .
anount § ZirePrgsentesiby g the adiustment agoypiof Hig na@'PéMm"n%a%r-ﬁthwémﬁ'?rsewen by
enbodi ment. Here, the deformation rates P1, P2, P3, P4, P5, and P6 of
t he mirroitke BYEOMHEAgRMST Ktrepresendest by Rat the radiustraentaanannt pf the miveor M, in the
foll owi ng equation (5). [0068] [Eq. 5] P1 P2 P3 20 P=P4 ... (5)
P5 P6 Fértdxésrdimcton giken ydiha shirmostagoMBl is réfireselted bji By, el adjulBtme2imount
X2, Y2, Z2, 8x2, OY2, 8z2, , ?(6, Y6, Z6, 8x6, Oy6, and 8z6 of the
M rrors apetHEemgrs N theod)-284 Hirddibs ghRR WY ithe/ AT S stddeaNSitif Rpred8nted by 87,
the adjustment amount of the wafer 7 in the X-axis direction given by the wafer stage WS is
10 represented by Xw, the adjustment amount of the wafer 7 in the Y-axis direction given by the
wafer stage WS is represented by Yw, the adjustment amount of the wafer 7 in the Z-axis
direction given by the wafer stage WS is represented by Zw.
[0064]
Thus, it is considered that when adjustment amounts Xy, Y1, Z3, x1, 6v1, 821, X2, Yz, Z2,
15 Bx, Ovz, 922, ... X6, Ys, Zs, Oxs, Ovs, Ozs, 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.
[0065]
However, if fluctuations in the image-forming characteristics are controlled using

only the adjusting atnounts Xi, Yy, Z;, Ox, 8vi, and 8z of the mirrors, there is a possibility that

25  computation for determining the adjusting amounts becomes complicated.
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following equation (6). [0069] [Eg. 61 X, Y Z1 BXI1 On On D=
(6)" X6 Y6 Z6 BX6 BY6 Bz6 5 Then, the adjusting ambunts X1, VY1,

Zl, 1, On, Qzl, X2, Y2, Z2, Oxz, OY2, OQzz, ..., X6, Y6, Z6, OX6,

OY6, and Qz6 of the mrrors are uniquely determ ned by the foll ow ng
equation (7). [FOOhG]redsEq, inTHis Bmbbdiment, (i adliBting emeuts X, ii, Zh@x, 6v,, and 8z of
equation (7) represents a matrix with 36 rows and six columms. The
matri x  Mihé sigSrsS@vembined With &ﬁ:Uaaﬁllsﬂﬂg é&bumfsmm andl BQ of fe ks 1112

M3 nm4 ml5 nl6é nR1 nR2 nR3 tn24 nR5
Incidentally, the above respective acljustmg amounts are determined by the
controlling part 9 like the first embodiment. The determfnation is made at step S3 in Fig. 4
5  like the first embodiment.
[0066]
Fig. 13 illustrates a determining method of this embodiment.
First, the adjusting amounts Xj, Y3, Z1, Ox1, Ov1, 821, X2, Y2, Z2, Oxz2, Ovz, 622, ..., Xs, Y,
Zgs, Oxs, Bys, 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, 0x1, Ov1, 821, Xz, Yz, Z2, Bx2, Ov2, 022, ..., Xs, Ye, Zs, Oxs,
Bvs, and Bz¢ 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 Z1, Zz, Z3, 74, Zs, and Zs 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. 5]
- pr
P2
P3
20 P= (5
P4 (5)
P5
Po

Furthermore, the adjusting amounts Xy, Y1, Z1, 8x1, 8v1, 821, X2, Y2, Z3, Bx2, Byz, 623, ...,

Xs, Ys, Zs, Bxs, Bys, and Bz of the mirrors are merged into an adjusting amount vector D as the
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M_ nmB3 mB2 nB3 nB4 nB5 nB6 ... (8) 1- / mil nmd2 mi3 mi4 md5 n46
nB61l nBB2 nB63 nB64 nB65 nB66 29 The val ue of each el enment nk7 of the
matrix M 1s cal culated by an optical calculation based on the
design data of the projection optical system6, and is stored in the
control | i rfigliovag eqirtion {@dvance. The matrix M is a conversion matrix
whi ch converts the deformation rate vector P into the adjusting
amount vector Djgygopssary for controlling fluctuations in the 5

i mge-form ng characteristics. [0072] For exanple, the first col umm
vector [m |, .6} -, MB611 constituting the matrix M corresponds
to an adj ustnent anobunt vector D necessary for controlling
fluctuations in theynmage-form ng characteristics caused when the
deformation rate PL 0Off the mirror M is one, 10 little by little,

wi th 36 kinds of ajﬂhstnent anounts of the six mrrors. Furthernore,

t he second col um /eptor [m2, nmR2...., nB621 constituting the matrix
M corresponds to a? ddj ust nent anount vector D necessary for
controlling fluctu -P gns in the image-form ng characteristics caused

when the deformati pfAnrijate P2 of the mrror M2 is one, little by
little, wwth 36 k|19§ of adjustment anmounts of the six mrrors. 15
[ 00731 Further e H

e thl@ﬂ colum vector [nl3, nR3, ..., nB631
constituting thé htrilx rresponds to an adj ustnent anmount vector
D necessary for cohtf;dlling fluctuations in the inage-forning
characteristics caused when the deformation rate P3 of the mrror M3
is one, little by{lftitle, with 36 kinds of adjustnment anmounts of the
six mrrors. 20 Furtwarnore, the fourth colum vector 1nil4, nR4, ...,
nB64] constituting|#fg matrix M corresponds to an adjustnment anount
vector D necessary|forl controlling fluctuations in the image-form ng
characteristics ca1§§d when the deformation rate P4 of the mrror M4
IS Oone, L 25_

5 Then, the adjusting amounts Xy, Y1, 21, 8x1, 8v1, 621, X2, Yz, Z5, Bxz, Bvz, 822, ..., X&, Y,

Zg, Bxs, Bys, and Bz¢ 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

M1 is as shown in the equation (8).
[0071]

[Eq. 8]
" T
My My My My, My, My

m m TH.. m, m m
3 32 3 4 35 36
M, = 3 (8

| Moy My Mlygy TMag,  THyee  Migg
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little by little, with 36 kinds of adjustment anounts of the six
mrrors.” [0074] 25 Furthernore, the fifth colum vector [ms, nR5,
.-., nB651 constituting the matrix M 30 corresponds to an

adj ust mrent anount vector D necessary for controlling fluctuations in

t he i nmage- f or niThgvaiwsfaatieelesithion, ofdtieadatviR@n i dafcutteébbyai émtitakdaicalation

PS of the mrror Mo is one, little by little, with 36 kinds of
adj ust menthagéietie dbkighhtRtBoPth8Tpfdj@iidn optEd BRJEMIEE and Best&leaﬁmtr@%mmmg
vector [me, nR6, ..., nB661 constituting the matrix ML

correspo nﬂyarllg} in&HvAdh usﬁh@%{l MR WY co%g%gﬁ nBtrn:?\% ieh 85 ﬁ(/ef'tgri e deformation rate

control li fluctuations in I mage-formng c aracterls I CS cause
when the defor 0 e,P6 o e dttle b .
et o wiEHOBE Thfenfhe' Bof#usaa?m%&ﬂfegﬁfoém%esaﬁ%fﬁé Bhuollipg fyftusRons o the
[ 0075] . However,, the val ue_of each el enent nkl of the matrix M has
been sét |MAGHENMUNG ¢RRrAREIIRYES-t hat the | mage-shift conponents of
fluctuations in the imge-formng characteristics are excluded from
the subjects of [AFRlirol . The i mage-shift conponents are an

i mge-shift conmponent in the X-axis direction, an inmage-shift
conponent in thEorYexaxipte, dhd @Gt cadmnasctonlin | MRQYE; #hik torsBittamaand matrix M,
the Z-axis direction. In other words, the subjects of control of the

matri x M @f@sddndl &@Qn h@iub R nEBnBu RRBBP B HeSe RX4FBF céﬁi't%llln@afgﬁfu%hbl’;stm the
conponents of 15 fluctuations in the |mage-form ng characteristics.

Furth |
et 1 aqu et ity Wb RREDc R ETERLY e dsfirmiifh AR L Sr AL ISy E Fone,
Wit . det d strok
Toover® oamiieral f?fﬁn?na%ﬁ@ea%é‘é‘%m@agﬁaﬁf SR 21 ot
BYE, 6zi, X2, Yz, ZZ 8x2, OYZ, ., X6, Y6, Z6, 0x6, OY6, and
876 of the nirrbHrh %@PFFQ“E'%@%%Q@“WEWFF@?" WALz Wipre - dver] SPDStiRINg ke magrix

determ nes the adjusting amounts Xw, Yw, and Zw of the wafer based on
t he det er Mlnedrespatjds 4o ian qdiusboert amdunt ¥ctordl ned@ssary ©ylcontdaliing Xactuaftions in
Z2, 8x2, BYZ, 8z2, ..., X6, Y6, Z6, 0x6, OY6, and
the image-forming characteristics caused when the deformation rate P2 of the mirror M2 is
one, Iittlé by little, with 36 kinds of adjustment amounts of the six mirrors,

15 [0073]

Furthermore, the third column vector [mys, mz3, ..., mae3] 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 [mig, mazs, ..., Mzss] 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 [mss, mas, ..., mses] constituting the matrix M;
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8z6. 25 [0077] 31 When the adjusting anounts Xw, Yw, and Zw of the
wafer ar®e nmerged into an adjusting anobunt vector Dw, the adjusting
anmopunts Xw, Yw, and Zw are uni quely determ ned by the follow ng
equation (9). [00781 5 [Eg. 9] Dr, =MD ... (9) where Mz in the

equat i on (@)resmpriesenh sdmsmmint amouit vectoh Dewecessasy fandodfolirg foasatiodhin the
val ue of each elenent of the matrix M2 is also cal cul ated by an

optical cahfagéabiniing chaaferifns tAiRed @hégthedRidnRtioh Rle PS of B&nhiRBr M5 is one,
optical system#6, and is stored in the controlling 10 part 9 in

advance. THg. BRfidik X 36 Rind ssmvs{% ggamr&;énwgs%mwe”s the

adj ust ment anount Vvect or B At o usti1 ng anount vector
necessary for t he t co onent of fluctﬁlatl
atnix M;

| |
in the image- fo? {\%"holﬁgr %\%‘f‘éﬁc&rﬂ VECF?S(B'?% 4B §°"W%‘i’1"gc

val ues of the adj usti ng amounts X1, Y1, Z1, i, eYl, ezi,

72, 15 O&PIregRends kg an a 1“%"‘*"*(6*“02%" VESPGD @Fﬁssaa’nf&’Eﬁ’ﬁ“ﬂ‘f"gtﬁ‘fé:“fﬁt’PFbF‘sthe
and the val ues of the adj usting amounts Xw, Yw, and Zwof the wafer

have been itegerfainmiag charheierisdias cayised wgerpmetdegorp@tibm ravg P6 gEthganirror M6 is one,
adjustnent with the sane timng as step S4 in Fig. 4. In this

adj ust mentlittlé belitiel wikhB & kidy af assteknt eod§ oSthe B Mm@t X1, Yi, Z1,
Ox], Ovl, and On and an adjustnent instruction are given to the

mrror stage MSigoAsyrthernmore, the 20 determi ned values of the

adj usting amounts Xz, Y2, Zz, Ox2, OY2, and Oz2 and an adj ustnent

I nstruction ar efglugfeﬂ' H‘Q Ja ﬁiJacﬁ)rele%eﬁg%kwi:'t),he':@%{r%nﬂéggeé%% in SU%J’I a

determ ned val ues o adj ust1 ng anoun
Fur t nadrornn b Rarah b artau sty ofisEa By bt iRt R rggetcs
Z4, x4, OY4, and z4 and an adjustnent instruction are given to the
mrror staije emed from the subjects of control. The image-shift components are an image-shift
component in the X-axis direction, an image-shift component in the Y-axis direction, 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 Nh has been set in advance
in such a manner that the adjusting amounts of the mirrors fall within the allowable range {a
predetermined stroke).
[0076]
20 When determining the adjusting amounts X3, Y1, Zy, 8x1, 0v1, 821, Xz, Y2, Z2, 8x2, Oy»,
822, ..., Xs, Ys, Zs, Oxe, Ovs, and 8z of the mirrors using the above mairix M,, the controlling
part 9 determines the adjusting amounts Xw, Yw, and Zw of the wafer based on the determined
adjusting amounts X3, Y1, Z1, 6x1, 9v1, 0z1, Xz, Y2, Z2, Ox2, Bv2, 822, ..., X6, Ys, 26, Oxs, Bye, and

626.

25 [0077]
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25 Furthernore, the determ ned val ues of the adjusting amounts X5,

Ys,® Zs, 'Oxs, eys, and ezs and 32 an adjustnent instruction are given
to the mrror stage MS5. Furthernore, the determ ned values of the

adj usting anmounts X6, Ys, Z6, 0x6, Oy6, and QZ6 and an adj ust nent
instruction areWhghveradjetinhemelins &y, b, ageZMiGhe Walet hremmasd intde adjusting
determ ned values of the adjusting amunts Xw, Yw, and Zwand an

adj ust mentaphdimt We@bi DY, REQdHlisYRY alrBuhRSWHEand FRGR maquéy LeRBRInedDbyahe
result, the mrror stages MB1l, Ms2, MsS3, Ms4, MSh, MS6 function

in the dH%ﬁﬁ@h&Qq&% trolling the naln conponents of fluctuations

in the imge-tormng ¢ aracteristics of the projection optical
system 6, and tﬁﬁ) fer stage W5 functions in the direction of
controlling the ggge shift conponents of the fluctuations. 10 Thus,
according to this enbodi nent, even if conplicated fluctuations have
been €aused i nl&dnEl i mage- forning characteristics of the projection
optical system6, they can be surely controlled. Furthernore, in

this enbodi ment DaFtédligh tH& e are many kinds (39 kinds) of

adj usting anmounts, predeterm ned matrixes (ML, M2) are used in

cal cul ati astreré M in thetequaxioni (D0repl@eritsl i welinO@itA e tGys el Ih@lurhie
determnation is perforned fast. For 15 exanple, the one-Iloop

processing (oneTagl4iad SRAELN eaam@wm trbi@ix Mb i6 A% BARALA BY awsbtw&alculauon
the frequency of one tine per one shot during operation of th

proj ecti O, S&PO% H{e paaa?ef‘{al prfrf_] éﬁoh %[phpaq swtglg%e%ﬁg JsOJtm%QE {Hent%n{rgllzng

two or three secon ctuatrons’in
that, the.contents, of the

charag%erlstlé . b008 1 20 NotjF E
ML andOnve RRECR AR ANANER, TR dnaify A 15 qnysTsionmalr whish wonesis ot ﬁé’”&‘iﬁ"e""
exposure conditions (illumnation condition, a set-NA of the
proj ect i orfeAIE G&Ftog I tigte ghe adiystings apomey vEEtor Haw PresseRy i fon cexpeliog dhe
apparatus and/or a kind of reticle S. For this reason, it is
desi r abl e imhgt-shifiecomepmnewts |of Agctpations & dedmeg¢-forntng ploractdristids  of
matri xes in advance, and use them properly according to conbinations
of exposure 25[@ayli ti ons which have been set and a kind of the
reticle 5.
As above, when the values of the adjusting amounts X3, Y1, Z1, 8x1, 8v1, 821, Xz, Yz, Z2,
15  Bxz, Ovz, 922, ..., X5, Ys, Zs, Oxs, Ovs, and Bz¢ of the mirrors and the values of the adjusting
amounts Xw, Yw, and Zwof 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 X1, Y1, Z1, 8x1, Ov1,
and 9z and an adjustment instruction are given to the mirror stage MS1. Furthermore, the
20  determined values of the adjusting amounts Xz, Y2, Z2, 8xz, Bv2, and 6z and an adjustment
instruction are given to the mirror stage MS2. Furthermore, the determined values of the
adjusting amounts Xz, Y3, Zz, Ox3, Oy3, and 8z3 and an adjustment instruction are given to the
mirror stage MS3. Furthermore, the determined values of the adjusting amounts X4, Y, Za,

Oxs, Bvs, and Bzs and an adjustment instruction are given to the mirror stage MS4.

25  Furthermore, the determined values of the adjusting amounts Xs, Ys, Zs, 8xs, 6ys, and 8zs and
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33 0 [0082] Furthernore, in this enbodi nent, although adjustnent by
the" mrror stage Msi and adjustnment by the wafer stage W5 are
performed with the sane timng and the sane frequency, the timngs
and frequencies of both of them may not correspond. For exanple, 5

t he frequemadjciment instruniint atrygivdnctonthe nomosstageeMMSi  Raethierlners,ahe deteamined
hi gh frequency (be continuous), and the frequency of adjustnment by

the waf er vafuager IAE ablpiktiReaRlintt Rg, YD, §.6,9994 QRE B7:nd QA fustBe M Bisti@B%on are
shot. [0083] Furthernore, in this enbodi nent, six degrees of freedom

are added \%neﬁbc%e()fmﬁrgne staag M. " 3 grt‘ﬁ&%§ lc\@ldetyﬁmemiuew’thy%ystmg

and MS6. wever , en he“require accuracy for uctuation contr

of the imge I acter| tic i enunb eqgr ee f
freedom ofa“c'l'rf)oa'ljrn o“f’%!'h alrn(c)ira"a ate"éeno "sg[f’f:t'odlfar?ﬁge ‘ﬂhS agergéaegéﬁl}(é

be reduced to a ne of five degrees of freedom four degrees of
freedom three E‘i%o es of freedom and two degrees of freedom For.
exanpl e, when the nunber of degrees of freedomis reduced to five 15
degrees of freedormrepgltjthe mionstegrscds L. IMER2, MI3, MEHr MES, gind IMSEetiontiamin the
the Oz-axis direction is elimnated. Furthernore, for exanple, when

t he nunberdiettidegfeemtailingr eedomin scorgduesd of dutinaiensd@grihesinbe-forming
freedom it is recoomended that the degree of freedomin the Oz-axis

di recti on,chhRRieHeGsEsF tﬁé pfdjeR”A erhE'aI tsh&te 6, RALShE Wa?éf'tsk@% W?‘%Ch&% in_the
degree of freedomin the ér axis direction are elimnated. 20 [0084]

Fur t her nor t ed to
control f |“ﬁ'l:ef*&‘5zl’t %@ﬁ?tr@mgﬂ n? é‘\ﬁé ngmc%ﬁg?gecfy%ﬂ%f’ﬁ%s However ,

the reticle sta edl ead- of the

Fur thdPrror o, bt TUhar R PR R G gt faSriRars Hpdguonhave been
maybe used, because when the reticle 5 and the wafer 7 are

rel ativel faHﬁ?\?e'H the, imager-toppiing; Ghpyagleristirsial gbe projechpr SPHEY SYHRIA BoHey can be

the wafer 7 is noved can be obtai ned.
surely controlled. Furthermore, in this embodiment, although there are many kinds (39

kinds) of adjusting amounts, predetermined matrixes (M1, M2) are used in calculations for
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 necessaty 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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34 Furthernore, in this enbodinent, the six mrror stages MSl, MS2,

MB3, M4, MS5, and MS6 are assigned to control the main conponents

of fluctuations in the image-form ng characteristics, and the wafer
stage W5 (and/or the reticle stage M5) is assigned to control the

i mge-shift conpomgents of the fluctuations. However, assignnent for

each conponent is 5 not limted to this. Part of the nain conponents

may be assi gnedFﬁ@hérh\%ré’m &iis ShEARmY\R, al(iﬂﬁ'@ﬁ%ﬂ* ree({ﬁ%vt Girrdrd eM@i and

In that case, i s desirable that degrees of omof attitu

(the degr 2‘3‘9{)@{'}‘;'{‘ @P‘?ﬂ@ Qe st %grearp% rr?ecf wrtl'n ht‘?ze m%xh n%: i—r;eac tcllzeogame

t he degre reedom o arr enen e ction,

t he degree of freedom of aryangenent n the cz axis direction,
and t he |9Trs@jle'b%f JHingT AR e e gjes Ofalagf S8 Y PRisarissRond, pFor example,

enbodinent is a variation of the first enbodi nent, and the second
embodi Fenttherfipauensy dbadiisimend biyythe anirrer stape MHi mrayEreoesti trenbiph Freguency (be
fourth enbodi nent of the present invention will be described bel ow
with 15 reehimensk and the gequdnty Af aipdtrhd{tB)y thEhwafeestagdiWemayile st to the
variation of the first enbodinent. Here, only points different from

the first rfeEaectydtodhe G pdessd ided. [0086] The fourth enbodinent is
different fromthe first enbodinent in a nethod of calculating a
heat - absorptlon(ﬁﬁ@rnt at step S3in Fig. 4. 20 In the first

enbodi nent, the influence of light (returning light) which is

reflected by e return o t ojecti ti ca
system6 is negF‘Zrépt{%%' Fﬁ—érﬁg\/e?mgf’cﬁ%lﬁ 5'5a°l$elg{/ees *gregé?rtlﬁre?aﬁé?’ ?‘E of the
does n t refl ect and reflects out-band Ii so that
ChereBs AHBESPBtANE] NOReHS. Ms 4 5rand My SHEWP L. dAA A PRI acciradyfor
(retunlng |-ight constituted by out-band light). In the calculation

met hod of flueiugtiemriseptreheaftthe impge-farminm shateqteristic Js IpwOBE|nuBher of degrees of

freedom of part of the mirror stages or all of the mirror stages may be reduced to any one of
five degrees of freadom, 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 0;—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 Bz-axis
direction, the degree of freedom in the 8x—axis direction, and the degree of freedom in the
By-axis direction are eliﬁinated.

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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Figs. 14(A) and 14(B) illustrate the cal cul ation nethod of this
enbodiment. Fig. 14(A) shows in-band light and out-band |ight which
enter the projection optical system6 fromthe reticle side, and
Fig. 14(B) shows out-band |ight which returns to the projection

optical system 6udtharmotd)én Wad emnbsdihent, thd-Hax enirrb hetadiaatils BIMS2; PISBOKIS4, MSS,
coefficient for in-band light of the mrror M is represented by EIL.

The heat - alpaQude! 4r0 Bs SQRTth &b RASI the mafh @MHONBHE R ﬂh&u&tﬂﬁfs i ERGRaB&G0orinIng
the first enbodinent. [00881 Furthernore, heat-a sorptlon

coefficie e

by Vi and Snrecfiafil AR uiletgllns el Rl st sy el BRE SRAMHEG he
out - band Li ht going to t f 4

heat - absor ‘ﬁgg %f??wﬁea tOf\\lﬁ ﬁECt}‘%‘f°g‘fefln‘* (‘%‘QV)Sﬁtasﬁ%'fme“tlbeﬁ‘iCh component is
returning fron1the wafer (Fig. 14(B)). Specifically, the

heat - aBsor$t liByfed defthisci Pé‘ﬁit"f\?he (Pt commreumngs May he Aesignrsuie the wafer stage WS
(heat - absor pti on anmount) which is absorbed by the mrror M due to

t he out - bdwmu/bt tpetretide sigge M. tlo thdteaswa it ér dashralrle thabdepreest affrpeddm of attitudes

out-band light incident on the projection optical system®6 is "one".

[ 00891 Oniheltiegrie e frebddifl of irfthgar@ht BAEORRhé 0P -akio AfrbétRineiHe d¥grekfdf Sreedom
14(B)) is heat anmobunt (heat-absorption anmount) which is absorbed by

the mrrorgs Mraﬂ:{é‘?nén‘? ahdl€ioHE B\baﬂﬂ dirk&n, 4R degled ro@FrQ&lJn’I 8 dAGeBhingle in

when the quanti of out-band I'ight incident on the projection

opti cal S%AL § nh)(}s'dﬁ'ect DCand t-l'-llgl!'ii bteha%dgg% {hglska g part 9 of this
ekt - @

enbodlnent es W of the mirror M

by ap ylng theg%hgzt gquantity C of |n band Ilght i nci dent on the
proje Pi on opti ystem 6 and the light quantity D of out-band

light incident on the 25 projection optical system6 to the

fol | owi ng equat Fwﬁhqr[[@)‘e, tiggerphqyg(qllent is a variation of the first embodiment, and the second

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 $3 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). In the calculation method of this embodiment, this is considered.

25 [0087]
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[Eq. 10] w=[C D].I E, J (10) V,. +V,. J Note that, information
necessary for this estimation, that is, information of "E ", 12", 5

"E3", "E4", "E5", "E6", "VI+V1"', "V2+V2"' 6 "V3+V3'", "V4+Vv4"',
"V5+V5"', and "V6+V6"' is stored in the controlling part 9 in
advance. [00911Figbn14(hj snd @) itlkiram, thé kelcvlatiore mathddnef this embodiment. Fig,
heat - absorption coefficient Ei depends on the reflectivities of the

mrror M 1308 shb®s M-baRd gl andneusHNIRATWhIcH & ntdtaRe iptoil@ioni dptiLANYstem 6
| ight as 10 described in the first enbodi nent, and the val ue of the

heat - ab j ffd el neflectiviti f ;
et 202 PIRRL T SOELTAE) SR ROBRRHE 0 IR i Sl g

| i ght as descri b%d i n th?l?fi rfst .&nbodi ment. On the other hand, the
val ue of t® 'cﬂé‘ést?'ﬁt?s{ﬁrﬁ WU Fi cient Vi depends on both of the

reflectivity of the mrror M and the_other mrrors for out-band .
light and the rBfteedttvheay-abseypen (goeflizient for indangdulisliantl the ghirror M: is
More specific description wll be given below. [0092] In this

descri. pt i aegresemtecsbngl i Dietheatahsorpédr exsflickrtiteis eghivalat toi thatodeshithedNR the
MB, M4, Mb, and Mo for in-band light are unifornmy represented by

am and t Hestredfdodirhénti ties of the mirrors M, M, M3, M4, M, and Mo
for out-band light are uniformy represented by ao"t. In 20

addition, the rgfggetivity for out-band light of the wafer 7 is
represented by b. Hence, the heat-absorption coefficients El, E2, E3,

embodi rent) . [ 0b8 T RIS HEA Shoftios ety to SN2 i BF e lor i are
10 represenied by Vi and V. The heat-absorption coefficient V; is related to out-band light
going to the wafer (Fig. 14(A)), and the heat-absorption coefficient Vy is related to 6ut—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

[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 {ight quantity D of out~band light incident on the

25  projection optical system 6 to the following equation (10).
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E4=anB8 X (1-an) E5 =anmd X (1l-an) 5 E6=an5 X (1l-ain) Furthernore, the
hedt - absorption coefficients VI, V2, V3, V4, V5, and V6 are
represented as follows (likewise in the first enbodi nent). [0094]

Vi =1-aout 10 V2=aout x (l-aout) V3=aout2 X (l-aout) V4=aout3 x
(1-aoud V5=aoutohe¥] (1-aoud V6=aout5 x (1-aoud 15 Furthernore, the
heat - absor pti on coefficients V6', V5', v4', V3, V2', and VI' are
represented as fggl fgws usi ng the reflect|V|ty b of the waf er. [0095]
V6' =aout6 x b x (1- aout) VS' zaout7 x b X (I-aout) 20 V4' =aouts x b x

(1 -ant) V3 aouti ouJ V2'=aout' x b x (1-aoud
VI ' =acut 1t x b ¥;€lCadd) ]Jhgs i m-4H)s enbodi nent, not only the

val ues of the reflectivi of the mrrors for 25 i n-band Iight
and the val ues of t he reflect|V|ty aout of the mrrors for out-band

light but al so NS th#einfrmationreqepary fof fhitestination g heiis.d warmatfosrof ?Elf' oF2"s
out - band Ilght affect the heat-absorption anmount equation (10).
Conseqbent’E3/, "HACCcE Ui "RY’, ("61 +Wil"s "Eabell, TRt Y3'T, I"Me+ V4T i 'WAsVET ande"V6+VE™ is
inage-forning characteristics can be controlled nore accurately.
stared in the controlling part 9 in advance.
[0091]
In this information, the value of the heat-absorption coefficient E; depends on the
reflectivities of the mirror Mi and the mirrors on the upstream side than it for in-band light as
10 described in the first embodiment, and the value of the heat-absorption coefficient V;
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-absocrption coefficient Vi depends on both
of the reflectivity of the mirror M; and the other mirrors for out-band light and the reflectivity
15  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 uniformiy represented by aw, and the reflectivities of the mirrors
M1, M2, M3, M4, M5, and M6 for out-band light are uniformly represented by acw. In
20  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]

Ei=1-an
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[0096] 5 Note that, the value of the reflectivity b of the wafer 7
isc‘assuned to be tenporally unchanged, but may vary according to the
kind of the wafer 7. For this reason, it is desirable that the
controlling part 9 have the value of "b" in the equations as a

vari abl e (paraneded;) X (THags, it is desirable that the projection
exposure apparatus of.this enbodi nrent have, for exanple, a user
interface functkpo,alkowifng a user to input the value of the
reflectivity b. 10 Instead of this function, a sensor actually
measuring the rg;;ggt&v&;x b fromthe wafer 7 may be provided. The
sensor consists of, for e%%nple, alight-emtting part emtting
out - band |i ght o part.of . the wafer 7, and a |ight-receiving part
detecting the IFgﬁ?ngﬁdﬁf?@y of the reflected light. In addition, if
an average value (e.g. 0.7) of the reflectivity b is stored as a
defaul # value FE¢~3tieXcddmwolling part 9 in advance, it is also
possible to save | abor of the user input or the 15 actual

measur enent . [ 00@THermpbrs; tthe rhear-absdrpiicn eodffidentendl, i\, av3y ar4, afS, amdoy6 are
the first enbodi ment, and the second enbodinent or the third

enbodi mentreprayentdSas OB MTkdvAkd i tH@fils€8mbdd@nfeht M5 1. A

phot ol i t hography exposure apparatus for exposing an object, the
exposur e appar ajgggafonprising: a light source for emitting a beam of
i ght having an exposure wavel ength conponent and a non-exposure
wavel engt h conpghent. a first light quantity sensor for detecting the
quantity of the expostire wavel ength conponent of the beam of light:
and a_second light quanjity,sensor for detecting the quantity of the
non-eiéosure wg Efengt H-2%ponent of the beam of Iight, wherein the
first light quantity sensor and the second |ight quantity sensor
detect the quaMBr#ués¥ dt-ight sinultaneously,

Vad=3aud X (1-aou)
V5=aou* X {1-aouw)
V6=aous X (1-aou
15 Furthermore, the heat-absorption coefficients V6', V5', V4', V3%, V2', and V1' are
represented as follows using the reflactivity b of the wafer,
.[09'951
V6'=ao® X b X (1-aquw)
V5'=aan” X b X (1-aow)
20 V4'=asu® X b X (1-aum)
V3'=aom® X b X (1-aow)
Ve'=aaut'® X b X (1-aow
VI'=aaa!! X b X (1-2ow)
Thus, in this embodiment, not only the values of the reflectivity ai of the mirrors for

25  in-band light and the values of the reflectivity aou of the mirrors for out-band light but also
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the first light quantity sensor conprises an exposure wavel ength
serfsor for detecting the quantity of light of the exposure

wavel engt h conponent, and the second |ight quantity sensor conprises

a non-exposure wavel ength sensor for detecting the quantity of I|ight
of the northexgos of thangfledtwitg bhofabapafet for 2ut-Aand lipbsaffet alpphaantabsorption
according to claim1l1, further conprising: a projection optical system

arranged hbgioMaeeqiidtRnl {10t csmerqﬁmwdcéo!a@n?tib QFik ; entitdiimedt, AdEStdENh the
system for adjusting the projection optical system based on out put

of the firgl,an ongadid stiat tdoh &nﬁ exposure

appar at us 'ac%orﬁnﬁg&t 0 ?:%tar?% Sz?dﬁaﬁeroe%ﬁﬁ t g're;arcgﬁ‘g%e@?on opti cal

system i ncl udes 0%{9 Least one mrror, and the adjustnent system

adj usts at Ieas{ ﬁ position of the mirror in a direction

perpendi cular to an optical axis of the exposure apparatus. 4. An
exposuPe appar atlg¥ ‘QE‘EG‘?W% ?fcfﬁ% reflestivity Wéh&l‘“ﬁfﬁrtﬁfé apyugiesicte; ksriemporally
optical systemincludes at |east one mrror, and the adjustnent

syst em adjurskangad, hus sy vatyacerrding teltheddnd dfdhewafen?.. FoBthisweasoupihsadesirable
apparatus according to claim2, wherein 40 the projection optical

syst em pr ah#che cantpalline part Ofhase tsYalieooft 'Be irotheagjuati@iachs 4 @iable (parameter).
adj ust ment system adj usts at least the relative position of the mask
and the ofpju€Cit is fesirARleORROGE o RERA SldSurd EpPhAtur il BisCdr@bdBigent have, for
wherein the projection optical systemprojects a pattern of a mask to
the obj eCte’xal@xEQ, atlﬂgr ﬁﬂr’fﬁ%& q@ﬁz}trt]igﬁ ﬁ%&@gfgg#&?t@ irﬁ}'&tltﬁg%lug %? oy Hﬂ%&ﬁru b.

of at |east one of the mask . n exposure appara

RIS TN R Fg R R R G IE L R ——

the eXposuprrc?vic\lAgsl\./ell'ﬁg géngorp (%rlzls)igtr;%?,tf’or éxg?np?:: ta?igaggmi Hﬁg Ea.iartt%mitting 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 controlling part 9 in advance, it is also possible to save labor of the user input or the

15  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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of light of the non-exposure wavel ength conmponent, inage formation
characteristics of the projection optical systemw th respect to the
exposure wavel ength conponent, and inage formation characteristics
of the projection optical systemw th respect to the non- exposure
wavel engt h conponent. 8. An exposure apparatus according to claim7,
further conprising: a third light quantity sensor for detecting the
quantity of the exposure wavel ength _copmponent of the beam of |ight;
and a fourth light quantity sensor Al ecting the quantity of the
non- exposure wavel ength conmponent of the beam of |ight, wherein the

first and secopd |ight ntity sensors are positioned.to detect

light which has nk ‘f/ﬁé@%@?@éyt RPSE YR _@ﬂ%ar%%j ft8&t%"8?ﬁ”&9pﬁ”98§’le°f- the
Zyst em I jthﬁ)oehneraﬂ)pamhsfctwmhinb: %ht QlﬁlanLI ty sensors are _pos: tioned to
etect light t LLhrou jection optical syste
and the adjust%gﬁpp§§%Fgﬁ§§§%w@§%§ @%%%ﬁfdﬁégﬁﬁﬂﬂgdﬁkP@%F”%&&?%ﬁ?wﬁah
respect toonpmmeskusanen-expeaicovayelengthropomendntpased on t he quantity

of light of thgﬁ@é9@15laﬁgrﬁt\g@é@asgpﬁr@etggeﬁggfd?lg?tﬂfhﬁﬁg%Qgc?garé REvdib gt

i ght quantity sens e éxposure
wavel engt orepangohefitite beare ot lfit/lspdt he third 1ight quantity sensor, and

the image for i =har 1St A J P ical m
W th respect t5 Tt IR EENRY <Shodk Tof upll LIl R gb ) reRediare
t he proj e¥ayalengdpeqreranestefteahsdnt af lidkEpect to the non- exposure

wavel engt h conpesenttndasefyRRudhey S4B bidthefsebd@NighPiudnli§ sensor detect
non- exposure wavel e conponent detected by the second’li ght

vel engt h |
quantity %Eqsapiities Héﬁﬁﬁa’ﬁ’t‘#?‘gﬁ%‘ﬁ‘yi i ght of the non- exposure
Wa\éelt ﬁngt_h conmgrmm ggl@tc@@hmgl é@gﬁs@m@?ﬁ\%gﬁ E%Hsu@%%éiéb@tﬁ%?ﬁ&frifor
an e | e formati.on ar eristics o e projection optica
syst em wi E’%g‘%@gﬂé%‘auat"atymﬁ&ﬁc? ﬁ"eé%%‘BB%‘? é’aﬂwt’éﬁ%ﬁ#r@ﬁhﬁ%ent .
the second light quantity sensor comprises a non-exposure wavelength sensor

for detecting the quantity of light of the non-exposure wavelength component.

2. An exposure apparatus according to claim 1, further comprising:
a projection optical system arranged between the light source and the object; and
an adjustment system for adjusting the projection optical system based on output

of the first and second light quantity sensors.

3. An exposure apparatus according to claim 2, wherein
the projection optical system includes at least one mirror, and
the adjustment system adjusts at least the position of the mirror in a direction

perpendicular to an optical axis of the exposure apparatus.
4, An exposure apparatus according to claim 2, wherein
the projection optical system includes at least one mirror, and

the adjusiment system adjusts at least the attitude of the mirror.

5. An exposure apparatus according to claim 2, wherein
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9. An exposure apparatus according to claim7, wherein the imge
formation characteristics of the projection optical systeminclude
respective absorption coefficients of optical nenbers within the
proj ection optical system 10. An exposure apparatus according to
claim7, wherein the adjustnent system adjusts the projection
optical system based further on the reflectivity of the object wth
respect to the non-exposure wavel ength conmponent. 11. An exposure

appar at us accdPgigieeiPrcpriical 3ystgny rp[rqqgots GohpliaTsiohg mask & F"@C‘E’WJW‘{ gnd

det ect or that wHetRiftistndiiysteml Riusta/hit IBaffthd heatiobipeSitiobit the MRRREME the
t he non- OQJ cgsure wavel engt h conponent. 12. An exposure apparatus

accordi ng claim1l, wherein the |ight source is an EUV |ight
source. 13. A photolithography exposure apparat us for exposing an

obj ect, the e su aratus co I Sl ng source for
emitting a be ‘?‘ B’FFFOQ'H'E\F]DRSH;#% B@Eﬁr% %gﬁ@ﬁ conponent and
havi ng a non- ednpqsu;e&nommﬂicehqtstemmmeﬂem patfeirm of aamdslsex:mdo}ijecghﬁnd

quantity sensofs fy @Lstr{’%nﬁ%‘g&ghvaed %{sté;%%%%t tﬂguaﬂgdeg&a%fléﬁ 25 he - mask

non- exposur e wavél onen

wavel engt énd fbenpxenbnt of the beam of light; and third and fourth

| ight quantity sensors, downstreamof the first and second I|ight
guantity sensors with respect to an optical axis of the apparatus,
for respectively d&h exoswg arharaiiseascondingds clelve2ngheréiRposur e

wavel engt h andyb hgy;GeaaBhd gystém éd}estewesd%;ecn ﬁ@e{&!cslngwerﬁfbés% HEMB

of light, 42 wherein the first second uant sensors
detect t h@etafei%ﬂventesofdfghr pigthe exewmﬁ WQY\%M‘P 90raaenemhéhq feteefed geantity

fourth [ Q‘hfghﬂbliaﬂﬂb'ﬁo)ﬁ e%ﬁ@ﬁ@é SvadEibRGh cbheoﬁmnmabb e&net.on l:hagQétensttcs of
si mul t aneousl Iml Vtwtll.lo%rs gct toexposure met hod of

oto
phot ol i t h@a (éﬁgﬂogm(gggﬁ Syste the exposure wavelength component and
image formation characteristics of the projection optical system with respect to the non-

exposure wavelength component.

8. An exposure apparatus according to claim 7, further comprising:

a third light quantity sensor for detecting the quantity of the exposure wavelength
component of the beam of light; and

a fourth light quantity sensor for detecting the quantity of the non-exposure
wavelength component of the beam of light,

wherein the first and second light quantity sensors are positioned to detect light
which has not yet passed through the projection optical system,

the third and fourth light quantity sensors are positioned to detect light that has
passed through the projection optical system, and

the adjustment system:

adjusts the projection optical system with respect to the exposure

wavelength component based on the quantity of light of the exposure wavelength
component detected by the first light quantity sensor, the quantity of light of the exposure
wavelength component detected by the third light quantity sensor, and the image
formation characteristics of the projection optical system with respect to the exposure

wavelength component; and
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apparatus for exposing an object, the nmethod conprising the steps of:
emtting a beam of |ight having an exposure wavel ength conponent and
havi ng a non-exposure wavel ength conponent; detecting, by a first

| ight quantity sensor, the quantity of the non-exposure wavel ength
conponent of the beamof |ight; and detecting, by a second |ight
guantity sensor, the quantity of the exposure wavel ength conponent

of the beamof light; detecting, by a third | i%‘?} quantity sensor
downstream of the fH4ts MhieyRroigHtioEPYGR KRB oMTUIsHeF 8 Jae mopExpgsure
optical awheelafgth Bemphraindbhddliogh aRhyLRKRATFULRt GFRREM3hESposuRewavelength

quantity of the - exppsyre wavel engt h conponent of fhe am of
aht | ancbresent feseR gy Hestpeidr ShantGosers hesroby SRS Meanror
t he seconexdobgret wavglemgth tomEeraDdetattbd by asp enirthtlight Hear@ipt $e0@br, @axt shof
t he photol.ithagraph xposur.e aratus, the quantity of th
exposur e PETERGIR" eBABRENEs of Meopalm acrgRem Vilurarss! Inbemos
| i ght quastposyreservelengindmpheergecond | i ght quantity sensor detect

the quantities of light sinultaneously and the third and fourth |ight

gquantity sensors detect the quantities of |ight sinultaneously. 15.
A phot ol i t hography Axexmstre appp@tustarsoiding texlams ¥ ngharein difs} iewgs fartration
exposure r - :
Gt hav e st SRPplcjecith oftce Wilort BUILEE o leqiR drkbRloRo i
wavel engt #f Qe orrsmers withip thet prpjeglinn apliedisystymsensor for detecting the
gquantity of the exposure wavel ength conponent of the beam of I|ight;
and a second |ight quantity sensor for detecting the quantity of the
non- exposur e vel AhGrPOEIFERFAUS ACoPKind PafiRBT 71 MgREeIn Wife pAiEIMERE

first |igéfsiemviadibists \heSoRetiontdficallshete 0080 furthehdn B a&¥eltivity S Ubject
detect the quantities of |ight simyltaneously; a third |i g%t quantity
sensor fo‘f‘"trh@ts@%‘itit%@etr}?é‘eﬁﬂ ¢ PovelengiheorBREalir e wavel engt h

conponent of the beamof |ight; and
11. An exposure apparatus according to claim 1, further comprising a
reflectivity detector that detects the reflectivity of the object with respect to the non-

exposure wavelength component.

12. An exposure apparatus according to claim 1, wherein the light source is
an EUV light source.

13. A photolithography exposure apparatus for exposing an object, the
exposure apparatus comprising:

a light source for emitting a beam of light having an exposure wavelength
component and having a non-exposure wavelength component;

first and second light quantity sensors for respectively detecting the quantity of
the non-exposure wavelength component and the quantity of the exposure wavelength
component of the beam of light; and

third and fourth light quantity sensors, downstream of the first and second light
guantity sensors with respect to an optical axis of the apparatus, for respectively
detecting the quantity of the non-exposure wavelength and the quantity of the exposure
wavelength of the beam of light,
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43 a fourth light quantity sensor for detecting the quantity of the
non- exposure wavel ength conponent of the beamof light; a projection
optical system arranged between the |ight source and the object; and
an adjustnment systemfor adjusting the projection optical systemwth
respect to the exposure wavel ength conponent based on the quantity
of the exposure wavel ength conponent detected by the first Iight
quantity sensor, the quantity of the exposure wavel engt nponent

detected by t h8NERN, tEle |ff%ﬁpd&&a?ﬂq W9t Quprdiby sengAE ‘i’%%ghef 8&‘%{‘%?\" light
character SEﬁﬁJEt@ﬁeonalytdmﬁ thE Qhier bh® foudt lighB hustist SRVl Heté @ IS Gliaritied bE
exposure \{e.l e 8 conponent; and adjusting the projection optical
syst em W '53’@ ROUS- ¢ he non- exposure wavel ength component based
on the quantity of the non-exposure mavelength conponent detected by

the second lig quant.i sensor, the an- pos
wavel engt h corr%gnen'tg1 %‘e‘”ﬁ@l"éa”‘pgy ‘?XI%SLfr% th1' Oéh? pﬁfﬁ%’ﬁ 09@?p§yer?§8‘?sure
and i mageapdapatngfor erpasivgraacibgedt, Sbe oetrol comerigngthectepsof:opt i cal system

wih respect Lathe A SHRRSHI'RSlB0E 0LaCARARERY oo MASEE! il

first and seco are posrtyone 0 det
| i ght t haen- @amswetwwetengtﬁwmonﬂﬂbugh the proj ection optical system

and the third ,hgg'bm'f+£gbhﬂ%9atL§>gﬁﬁwS%éqaarﬁl 1P 9P thd RS shfbure

detect I|ight t asse € projection optic
16. A phoW@Yq@ﬂ@Hg@We@Wé@b%ﬂnaﬁﬁwwué for exposing an obj ect t he

exposure appar @iSingOBpr 4 %e@&ﬁd ‘T’igl’\t‘ gt YESRr.f e ﬁﬁéﬁtﬁy‘ B8 t’kk l%?ﬁt‘f@uﬁi
| i ght having an exposufre wavel ength conponent’ and a non-exposure

wavel engt‘f"la\&ﬁﬁggh@?%po”&mf?frﬂéﬁl b‘l’ﬁ"'@)ﬁi"gﬁhantl ty sensor for detecting the
quantity of thet6ipgsSLy 8 tWry ahRNilkahtity GRARR RMns®éark e tlems Bt GLsitty
and sensor with respect to an optical axis of the photolithography exposure apparatus, the
guantity of the non-exposure wavelength component of the beam of light; and
detecting, by a fourth light quantity sensor downstream aof the second light
quantity sensor with respect fo the optical axis of the photolithography exposure
apparatus, the quantity of the exposure wavelength component of the beam of light,
wherein the first light quantity sensor and the second light quantity sensor detect
the quantities of light simultaneously and the third and fourth light quantity sensors

detect the quantities of light simultaneously.

15. A photolithography exposure apparatus for exposing an object, the
exposure apparatus comprising:

a light source for emitting a beam of light having an exposure wavelength
component and a non-exposure wavelength component;

a first light quantity sensor for detecting the quantity of the exposure wavelength
component of the beam of light; and

a second light quantity sensor for detecting the quantity of the non-exposure
wavelength component of the beam of light, wherein the first light quantity sensor and
the second light quantity sensor detect the quantities of light simultaneously;

a third light quantity sensor for detecting the quantity of the exposure wavelength

component of the beam of light; and
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a second light quantity sensor for detecting the quantity of the

non- exposure wavel ength conponent of the beam of |ight, wherein the
first light quantity sensor conprises a sensor for sensing only

speci fic wavel engths of the beamof |ight corresponding to the
exposure wavel ength conponent, 44 the second |light quantity sensor
conprises a sensor for sensing aII ot her wavel engths of the beam of
light to detect the quantlt of ght of the npon-exposure wavel ength

conmponent, and®t'AYF {9kt aygn WtS“ﬁ\ﬁarrlfqrt“ﬁ/et%‘é'ﬁgdheéﬁ‘é”‘ft}ﬁé’fstﬁ%dﬁﬂ KPefEe
quantity sensegtsdesrmsinehhier thélbéd bilighg of |ight sinultaneously. 45

a projection optical system arranged between the light source and the object; and
an adjustment system for:
adjusting the projection optical system with respect to the exposure
wavelength component based on the quantity of the exposure wavelength component
detected by the first light quantity sensor, the quantity of the exposure wavelength
component detected by the third light quantity sensor, and image formation
characteristics of the projection optical system with respect to the exposure wavelength
component; and
adjusting the projection optical system with respect to the non-exposure
wavelength component based on the quantity of the non-exposure wavelength
component detected by the second light quantity sensor, the quantity of the non-
exposure wavelength component detected by the fourth light quantity sensor, and image
formation characteristics of the projection optical system with respect to the non-
exposure wavelength component,
wherein the first and second light quantity sensors are positioned to detect light
that has not yet passed through the projection optical system, and
the third and fourth light quantity senscrs are positioned to detect light that has
passed through the projection optical system.

16. A photolithography exposure apparatus for exposing an object, the
exposure apparatus comprising:

a light source for emitting a beam of light having an exposure wavelength
component and a non-exposure wavelength component;

a first light quantity sensor for detecting the quantity of the exposure wavelength
component of the beam of light; and

a second light quaniity sensor for detecting the gquantity of the non-exposure
wavelength component of the beam of light,

wherein the first light quantity sensor comprises a sensor for sensing only
specific wavelengths of the beam of light corresponding to the exposure wavelength

component,
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the second light quantity sensor comprises a sensor for sensing all other
wavelengths of the beam of light to detect the quantity of light of the non-exposure
wavelength component, and

the first light quantity sensor and the second light quantity sensor detect the

quantities of light simultaneously.
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